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AMERICAN    PUBLISHER'S 
ADVERTISEMENT. 

SO  recent  and  so  thorough  has  been  the  revision  which  this  work 
has  enjoyed  at  the  hands  of  the  English  Editors,  that  but 
little  has  remained  to  be  done  in  preparing  the  present  reprint ; 
while  the  enlargement  which  the  volume  has  necessarily  under- 
gone, in  the  introduction  of  the  most  modern  views  and  discov- 
eries, has  rendered  it  advisable  to  confine  the  additions  to  as 
moderate  a  compass  as  possible.  The  American  Editor  has  there- 
fore added  hut  few  notes,  together  with  a  number  of  illustrations, 
and  has  directed  his  attention  rather  to  secure  the  accuracy  so 
essential  to  a  treatise  of  this  nature.  Especial  care  has  been 
devoted  to  the  formula!,  and  errors  have  been  corrected  wherever 
a  minute  supervision  has  been  able  to  detect  them. 

In  its  present  enlarged  and  improved  form,  it  is  hoped  that 
the  work  fairly  represents  the  existing  condition  of  the  science, 
and  that  it  may  be  found  worthy  a  continuance  of  the  very 
remarkable  favor  whieh  it  has  so  L 
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ADVERTISEMENT 

THE    TENTH    EDITION. 

rpHE  rapid  progress  of  chemical  discovery  <'tu ri iifr  the  last  few  years 
-L  Las  rendered  it  necessary  lo  make  considerable  alterations  and 
additions  in  aenn-t  evevy  part  of  the  i.risrNL  Kdilion. 

The-  chapter  on  the  Ceneral.  Primaplos  of  ( 'liemical.  Philosophy  has 
been  re- written. 

Some  considerable  additions  have  heon  made  to  the  descriptions  of 
the  metals,  especially  ihow:  of  rarer  occurrence,  several  of  which  have 
acquired  greatly  inc-rea-n-d.  impimanc;:  by  die  n;ore  exact  investigations 
of  late  years.  The-  distinguishing  reactions  of  the  several  metals  are 
also  given  more  fully  than  in  former  edilious. 

The  greater  part  of  ihe  Organic  Chemistry  has  been  re- written,  espe- 
cially the  sections  relating  to  the  Hydrocarbons,  Alcohols,  and  Acids, 
upon  which  great  light  has  been  thrown  by  recent:  invest  igations. 

The  section  on  Animal  Chemistry  has  been  entirely  revised. 

The  Atomic  Weights  used  in  this  Edition  are  those  which  arc  now 
almost  universally  received  among  Chemists,  and  the  Notation  has 
been  altered  in  accordance  with  them. 

The  Nomenclature  has  been  simplified  by  discarding  the  word  "of : 
in  the  names  of  salts,  Ac,  using,  for  example,  the  term  "  silver  nitrate " 
instead  of  "  nitrate  of  silver." 

The  Weight,  and  Measures  used  are  those  of  the  French  decimal 
system;  and  Temperatures  are  expressed  on  the  Centigrade  scale,  ex- 
cepting where  the  contrary  is  expressly  slated.  A  comparative  Table 
of  the  two  scales  is  given  at  the  end  of  the  volume. 

H.  Bence  Jones. 
Heney  Watts. 
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ADVERTISEMENT 


THE    THIED    EDITION. 


THE  correction  of  this  Edition  for  the  Press  was  the  daily 
occupation   of   Professor  Fownes,  until   a   few  hours   pre- 
vious to  his  death  in  January,  1849. 

His  wish  and  his  endeavor,  as  seen  in  his  manuscript,  were  to 

render  ll.  as  perfect  and  as  minutely  accurate  as  possible. 

When  lie  bad  finished  the  most  important  part  of  the  Organic 
Chemistry,  where  the  most  additions  were  required,  he  told  me 
he  should  "do  no  more,"  —  he  had  "finished  bis  work." 

At  his  request  I  have  corrected  loo  Press  throughout,  andmado 
a  few  alterations  that  appeared  desirable  in  the  only  part  which 
be  had  left  unaltered,  the  A.ubmd  Chemistry. 

The  Index  and  the-  Press  have  also  been  corrected  throughout 
by  his  friend  Mr.  Robert  Murray. 

H.  Bence  Jones,  M.D. 

Street,  Jan.,  1860. 
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PREFACE 


THE    FIRST    EDITION". 


THE  design  of  the  present  volume  is  to  offer  to  the  student 
commencing  the  subject  of  Chemistry,  in  a  compact  anil 
inexpensive  form,  an  outline  of  the  general  principles  of  that 
science,  and  a  history  of  ihe  more  important  among  the  very 
numerous  bodies  which  Chemical  Investigations  have  made  known 
to  us.  The  work  has  no  pretensions  to  be  considered  a  complete 
treatise  on  the  subject,  but  is  intended  to  serve  as  an  introduction 
to  the  larger  and  more  comprehensive  systematic  works  in  our 
own  language  and  in  those  of  the  Continent ;  and  especially  to 
prepare  the  student  for  the  perusal  of  original  memoirs,  which,  in 
conjunction  with  practical  instruction  in  the  laboratory,  can  alone 
afford  a  real  acquaintance  with  the  spirit  of  research  and  the 
resources  of  Chemical  Science, 

It  has  been  my  aim  throughout  to  render  the  book  as  practical 
as  possible,  by  detailing,  at  as  great  length  as  the  general  plan 
permitted,  many  of  the  working  processes  of  the  scientific  labora- 
tory, and  by  exhibiting,  by  the  aid  of  numerous  wood-engrav- 
ings, the  most  useful  forms  of  apparatus,  with  their  adjustments 
and  methods  of  use. 

As  one  principal  object  was  the  production  of  a  convcnicnl  and 
useful  class-book  for  pupils  attending  my  own  lectures,  I  have 
been  induced  to  adopt  in  the  book  Ihe  plan  of  arrangement  fol- 
lowed in  the  lectures  themselves,  and  to  describe  the  non-metallic 


elements  and  some  of  their  most  important  compounds  before 
discussing  the  subject  of  the  general  philosophy  of  Chemical 
Science,  and  even  before  describing  the  principle  of  the  equiva- 
lent quantities,  or  explaining  the  use  of  the  written  symbolical 
language  now  universal  among  Chemists.  For  the  benefit  of 
those  to  whom  these  matters  arc  already  familiar,  and  to  render 
the  history  of  the  compound  bodies  described  in  the  earlier  part 
of  the  work  more  complete,  I  have  added  in  foot-notes  the  view 
adopted  of  their  Chemical  Constitution,  expressed  in  symbols. 

I  have  devoted  as  much  space  as  could  be  afforded  to  the  very 
important  subject  of  Organic  Chemistry;  and  it  will,  I  believe, 
be  found  that  there  are  but  few  substances  of  any  general  interest 
which  have  been  altogether  omitted,  although  the  very  great 
number  of  bodies  to  be  described  in  a  limited  number  of  pages 
modu'oJ  it  necessary  to  use  Lis  much  brevity  as  possible. 

Geo.  Fownes. 
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MANUAL  OF  CHEMISTET. 


INTRODUCTION. 

THE  Science  of  Chemistry  has  for  II?  object  (lie  study  of  the  nature  and 
properties  of  all  I  lie  mat  r.'T-i :il j  which  enter  iuio  the  composition  or  struc- 
ture of  the  earth,  the  sea,  and  the  air,  and  of  the  various  organized  or  liv- 
ing beings  which  inhabit  these  latter.  Every  object  accessible  to  man,  or 
which  may  be  hanu'.ed  ilji-  1  e.viiniued,  in  thus  i. :  1 1 1 1 :■  1  ■ ; i i : i.: ■  1  by  the  wide  circle 
of  Chemical  Science. 

The  highest  efforts  of  Chemistry  iirts  constantly  directed  lo  the  discovery 
of  the  general  laws  or  rules  whieh  regulate  1 1n;  form  a  I  ion  of  chemical  com- 
pounds, and  determine  the  action  i>l'  one  substaneo  upon  another.  These 
laws  are  deduced  from  careful  observation  and  comparison  of  the  proper- 
ties and  relations  of  vast  numbers  of  individual  substances  ;  —  and  by  this 
method  alone.  The  science  is  entirely  c^yierimcnltil,  and  all  its  conclusions 
the  results  of  skilful  and  systematic  experimental  investigation. 

The  applications  of  the  discoveries  of  Chemistry  to  the  arts  of  life,  and 
to  the  relief  of  human  suffering  in  disease,  arc,  in  the  present  state  of  the 
science,  both  very  numerous  and  very  important,  unit  encourage  the  hope 
of  still  greater  benefits  from  more  extended  knowledge  than  that  now 
enjoyed. 

In  ordinary  scientific  speech,  the  term  cii'-rr.it'.ul  is  applied  to  changes 
which  permanently  tiffed  the  properties  or  clia.ra.cters  of  bodies,  in  oppo- 
sition to  effocts  termed  j/kysiail.  which  are  not  attended  by  such  conse- 
quences. Changes  ■■:■  decompilation  av  eoinlruaiton  are  thus  easily  distin- 
guished from  those  temporarily  brought  about  by  heat,  electricity,  mag- 
netism, and  the  iittrucMve  forces,  whose  laws  and  eiTeols  lie  within  the 
province  of  Physics  or  Natural  Philosophy. 

Nearly  all  the  objects  presented  by  the  visible  world  are  nf  a  compound 
naturo,  being  chemieitl  eompounds,  or  variously  disposed  mixtures  of  chemi- 
cal compounds,  capable  of  being  resolved  into  simpler  forms  of  matter. 
r  marble,  by  the  application  of  a  red-heat,  is 
d  a  gaseous  body,  carbon  dioxide.     Both  lime 
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anil  carbon  dioxide  are  in  their  uuii  susceptible  of  dec  (imposition,  the  for- 
mer into  ft  metal,  calcium,  and  osygtn,  and  the  lnlrcr  into  carbon  and 
oxygen.  For  this  purpose,  however,  simple  heat  does  .not  suflice,  the  reso- 
lution of  these  substance*  ititrj  their  components  demanding  the  exertion 
of  a  high  degree  of  chemical  energy.  Beyond  this  second  step  of  decom- 
position tie  efforts  of  l.'hemis-irv  have  hitherto  been  found  to  fail;  and  the 
throo  bodies,  calcium,  carbon,  and  oxygon,  having  resisted  all  attempts  to 
resolve  them  into  simpler  forms  of  martee,  are  accordingly  admitted  into 
the  list  of  element x ;  —  not  from  any  belief  in  r.licir  real  oneness  of  nature, 
but  from  the  absence  of  any  evidence  thai  they  contain  more  than  One 
description  of  matter. 

The  partial  study  of  tei-inir.  briir.chcs  of  Physical  Science,  as  the  physi- 
cal constitution  of  cases,  the  chief  phenomena  of  hunt  itml  electricity,  and  a 
few  other  subjects,  forms  so  indispensable  an  introduction  to  Chemistry 
itself,  tint  it  is  rarely  omitted  in  the  usual  oourees  of  oral  instruction.  A 
sketch  of  these  .subjects  is,  in  accordance  with  these  views,  placed  at  the 
aent  of  the  present  volurdfe. 
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PART   I. -PHYSICS. 


OF  DENSITY  AND  SPECIFIC  GRAVITY. 

IT  is  of  great  importance  at.  t lie  nut  set  io  understand  clearly  what  is  meant 
by  the  terms  il.ui.--ih/  and  specific,  graniui.  IJv  the  dcnsilit  of  a  body  is  meant 
its  muss,  or  quantii.ii  vf  nun .'■:/,  emu  paved  v.-itb  the  mass  or  quantity  of  matter 
Of  ail  ey«0(  Wlume  of  sump  standard  body  arbitrarily  chosen.  Specific  grav- 
ity denotes  the  wdgkt  of  a  body,  as  compared  with  the  weight  of  an  equal 
bulk,  or  volume,  of  the  s'.andiinl  body,  which  is  reckoned  as  unity.*  In 
all  cases  of  solids  u n ■  1  liquid-,  I  lie-  slanoavd  of  unity  adopted  in  this  country 
is  pure  water  at  the  i.emperature  of  1:W.C  I!.  (iJ0o  t'nbr.)  Anything  else 
might  have  been  chosen :  there  is  nothing  in  water  to  vender  its  adoption 
for  the  purpose  mentioned  indispensable:  it  is  =■  jrnpl v  lakeu  for  the  sake  of 
convenience,  being  ill  why,-  at  hand,  and  easily  obtained  in  <i  state  of  perfect 
purity.  An  ordinary  expression  of  specific  wcie:;]',  Therefore,  is  a  number 
explaining  how  many  times  the  weight,  of  an  eijiiat  hulk  of  water  is  con- 
tained in  the  weight  of  the  substance  siiolie.n  of.  Tf,  for  example,  we  say, 
that  concentrated. oil  of  vitriol  ha*  a  spi-cio.o  graviiy  ■■■  pial  to  1-85,  or  that 
perfectly  pure  alcohol  has  a  density  of  O-'iT'-l  at.  lir;yj  C,  we  mean  that 
equal  bulks  of  these  two  liquid-  and  of  distilled  water  possess  weights  in 
til o  proportion  of  the  numbers  1-85,  (179 i.  and  1;  or  1850,  7«4,  and  1000. 
It  is  necessary  to  be  particular  about  the  temperature,  for,  as  will  be  here- 
after shown,  liquids  are  i.-xfeiaely  expansible  by  hoa.t. ;  otiierwise  a  constant 
balk  of  the  same  liquid  will  not.  retain  a  tion.staiii  weight.  It  will  be  pro- 
per to  begin  wilh  the  dc.-cripiion  of  the  mode  in  which  Ihe  specific  gravity 
of  liquids  is  determined:  this  is  the  .simplest  case,  and  the  one  which  best 
illustrate.-  the  general  principle. 

In  order  to  obtain  at.  pleasure  the  specific  gravity  of  any  particular  liquid 
compared  with  that  of  water,  it  is  only  requisite  to  weigh  equal  bulks  at 
the  standard  tempera: tire,  and  then  divide  the  weight  t.f  the  liquid  by  the 
weight  of  the  water;  the  ijuoliuiir.  will  of  course-  be  greater  or  less  than 
unity,  as  the  liquid  experimented  on  is.  heavier  or  Lighter  than  water.  Now, 
to  weigh  equal  bulks  of  two  Iliitds,  (lie  simplest  anil  best,  method  is  clearly 
to  weigh  them  in  succession  in  the  same  vessel,  taking  care,  that  it  is  equally 
full  on  both  occasions,  a  condition  very  easy  of  fulfilment. 

A  thin  glass  bottle,  or  flask,  with  a  narrow  neck.,  is  procured,  of  the 
form  represented  below  (fig.  1),  and  of  such  i-nput-ity  as  to  contain,  when 
filled  to  about  half-way  up  i  lie  neck,  exactly  IHiili  grains  of  distilled  water 
at  15-ip  (".      Such  a  llask  is  rcadi'.y  procured  from   any  one   of  die  Italian 

*  In  other  words,  (k-iii.it v  means  n.uiu.irativ.:-  in. in.  \  :■■:  ;■■  it',-  -n.ciii-  (Miiijarativr  jor.iiM. 

Tlu-.e  ex]niwiiii.-,,i'll.i,i  :-l-  i,  nil,-  ivl.    in;    I-    .li~Li:i.-l  :.iia,:.- :i,i.  :i.<i-,l  quid-  in.liir.-ri.nl I v 

ill  eilraihai  wr;:ili^».  an,,  v.ilii.HU  riiirli,:,!    ill  :  .in.  nil  ,:.-.-.  --■<•..::■.    m::--,  i,i:,i  ;v:  S.I, I.  ,.-.::  liliv.  l!y 
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arlifieors,  !o  bo  foi.mil  I tt  every  hir;-o  luivu.  who  inanur'.ici  tiro  cheap  ther- 
mometers for  sale.  A  coum.ci'piiiso  of  the  exad  ivejolit  of  the  empty  bolilo 
is  made  from  a  bit-  of  brass,  sin  nltl  weight,  or  something  of  the  kind,  and 
carefully  adjusted  by  tiling.  The  bottle  is  then  graduated,  £,y  introducing 
water  at  15*6°,  until  it  exactly  bahmi-cs  (hi:  Hind-grain  weight  and  counter- 
poise in  the  opposite  sonic  ;  the  height  it!  which  I  lie  iviurr  stands  in  the 
necli  is  marked  by  si  scratch,  mid  tin:  instrument  is  complete  for  use.  The 
liquid  to  be  examined  is  brought  so  Iho  temporal  lire  ul  15-5°,  and  with  it 
the  bottle  is  filled  up  to  the  mark  before  mentioned;  it  is  then  weighed, 
the  counterpoise  being  used  as  before,  and  the  specific  gravity  directly 
ascertained. 


A  watery  liquid  in  a  narrow  glass  tube  a  "ways  primer:  rs  a  curved  surface, 
from  the  molecular  action  of  the  glass,  the  concavity  being  upwards.  It  is 
better,  on  this  account,  in  graduating  the  buttle,  to  make  two  scratches,  as 
represented  in  the  figure,  one  sit  the  top  and  I  he  other  at  the  bottom  of  the 
curve :  this  prevents  any  future  inistn  Ire.  The  marks  are  easily  made  by 
a  fine,  sharp  triangular  file,  the  hard  point  of  which,  also,  it  may  be 
observed,  answers  perfect'.!-  well  for  wriling  upon  glass,  in  the  absence  of 
a  proper  diamond  pencil. 

It  will  be  quite  obvious  that  tin:  adoption  of  ;i  flask  holding  exactly  1000 
grains  of  water  has  no  other  object,  than  to  save  the  trouble  of  a  very  tri- 
fling calculation;  any  other  quantity  would  answer  just  as  well,  and,  in 
fact,  the  experiment!!.!  chemist  in  often  compelled  lo  use  a  bottle  of  much 
smaller  dimensions,  from  scarcity  of  the  liquid  lo  be  examined. 

When  the  specific  gravily  of  a  liquid  is  to  be  determined  with  great  accu- 
racy, a  case  which  frequently  occurs  in  chemical  inquiries,  a  little  glass 
bottle  ia  used,  of  the  form  showed  in  tig.  'I.  This  bottle  is  provided  with  a 
perforated  conical  glass  stopper,  must.  accm-nlck-  filled  by  grinding.  By 
completely  filling  the  little  bo111owil.li  liquid,  and  carefully  removing  the 
portion  of  liquid  which  is  displaced  when  the  stopper  is  inserted,  an.  unal- 
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terable  measure  is  obtained.     The  least  possible  qnantiiy  of  grease  applied 
to  tlie  Stopper  greatly  jir.miii'ns  the  exact  fitting. 

When  the  chemist  has  only  a  small  quantity  of  a  fluid  at  his      Mg.S. 
disposal,  and  wishes  not  to  lose  it,  :}>■•  little  glass  vessel  (fig.  3) 
is  particularly  useful.      It  is  formed   l>y  blowing  a  bubble  on  a 
glass  tube.      On  that  portion  of  the  tube  which  is  narrowed  by 
drawing  the  tube  out  over  a  lamp,  a  tine  scratch  is  made  with  a 
diamond.      The  bubble    is   fillet!   up  to  this  mark  with  a  liquid 
whilst  it  stands  in  water  the   temperature  nf  which  is  exactly 
known.      A  very  fine  funnel  is   used  lor  filling  the  bubble,  the 
stem  of  the  funnel  being  drawn  out  so  as  to  enter  the  tube,  at  ' 
the  upper  opening  of  the  funnel  hcing  small  enough  to  be  elosi 
by  the  finger.      The  glass  stopper  is  only  wanted  as  a  guar 
and  does  not  require  to  fit  perfectly. 

The  determination  of  the  specific  gravity  of  a  solid  body 
made  according  to  the  same  principles,  mid  may  be  performi 
with  the  specific-gravity  ln,itle  (fig.  2).  The  bottle  is  fit 
weighed  full  of  water  ;  the  solid  is  Iheu  placed  in  the  same  p: 
of  the  balance,  and  its  weight  determined;  finally,  the  sol 
is  put  into  the  bottle,  displacing  an  equal  bulk  of  water,  11 
weight  of  which  is  determined  by  the  loss  on  again  weighing.  Thus  the 
weights  of  the  solid  and  that  of  an  equal  hulk  of  water  are  obtained.  The 
former  divided  by  the  latter  gives  :iio  specific  gravity. 

For  example,  the  weight  ul'  a.  small  piece  of  silver  wire 

was  found  to  be 98-18  grains. 

Glass  bottle  filled  with  water 294-69 

392-87 


Another  highly  ingenious,  but.  fe.ss  exact  method  of 

determining  the   specific   gravity  of  solids,  is  based  on 
the  weli-lmown  theorem  of  Archimedes. 

This  theorem  may  be  thus  expressed: 

When  a  solid  is  inuoersod  in  a  fluid,  it  loses  a  por- 
tion of  its  weight  ;  ami  Ihis  portion  is  equal  to 
the  weight  of  the  fluid  which,  it  displaces  ;  that. 
is,  to  the  weight  of  its  own  bulk  of  that  fluid. 

It  is  ensy  in  give  ex  p  crimen  id  pvooi'  of  this  very  im- 
portant  proposition,  :is  well  as  to  establish  it  by  reason- 
ing. Figure  ■!■  represents  a  little  apparatus  for  the 
former  purpose.  This  consists  of  a  thin  cylindrical 
vessel  of  briiss,  into  the  interior  of  which  fits  very  accu- 
rately a  solid  cylinder  of  the  same  metal,  llms  exactly 
filling  it.  When  the  cylinder  is  suspended  beneath  the 
bucket,  as  seen  in  the  sketch,  the  whole  hung  from  the 
arm  of  a  balance  and  counterpoised,  and  then  the 
cylinder  itself  immersed  in  water,  if  will  be  found  to 
have  lost  a  certain  weight;  and  that  this  loss  is  pre- 
cisely equal  to  the.  weight  of  an  equal  bulk  of  voter, 
may  then  be  prove. 1  l.y  filling  the  bucket,  to  the  brim, 
whereupon  the  equilibrium  will  be  restored. 


so 
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The  consideration  of  the  groai    hydrostalic.  law  of  fluid  pressure  easily 

E roves  the  truth  of   the    principle    laid   down.       Let  the  reader  figure  to 
iinself  a  vessel  of  water,  having  immersed  in  it  ii  -olid  cylindrical  or  rec- 
tangular body,  and  s»  adjuslod  with    respect   to  densitv,  that  it  shall  flout 
indifferently  iu  any  part  beneath  the  surface  (fig.  6.) 
Now  the  law  of  fluid  pressure  is  to  tliis  effect: 

The  pressure  exerted  by  a  fluid  on  any  point,  of  the  containing  vessel,  or 

on  any  point  of  a  body  immersed  beneath  its  surface,  is  dependent,  firstly, 

upon  the  density  of  the  fluid,  and,  secondly,  upon  the  vertical  depth  of  the 

point  in  question  below  the  surface,     h  is  independent 

fflg.i.  of  the  form  and   lateral   dimensions   of  the  vessel  or 

immersed   body.      Moreover,    owing    to    the    peculiar 

physical  constitution  of  (buds,  this  pressure  is  exerted 

in  every  dircolion,  upward,  downward,  and  laterally, 

"'"  ivit.ii  equal  force. 

The  floating  body  is  in  :i  slate  of  equilibrium  ;  (here- 
fore  the  pressure  downward  caused  by  its  gravitaiiou 
must  be  exactly  compensated  by  the  upward  Ivaiis- 
mitted  pressure  of  !  lie  eolutun  of  water  fi,  4.  But  this 
"  pressure  downward  is  obviously  equal  to  the  weight 
of  an  equal  qua n lily  of  walor,  since  ihe  body  of  neces- 
sity displaces  its  own  bulk.  Hence  the  weight  which 
a  body  loses  when  immersed  in,  or  floated  on  water,  is  equal  to  the  weight 
of  the  volume  of  waler  displaced  by  that  body. 

Whatever  be  the  density  of  tin'  substance,  it  will  be  buoyed  up  to  this 
amount:  in  the  case  suoposod,  the  buoyancy  is  equal  to  the  whole  weight 
of  the  body,  which  is  thus,  while  in  the  water,  reduced  to  nothing. 

A  little  reflection  will  show   that  the   same  reasoning 
IVf/.fi.  maybe  applied  to  a  body  of  irregular   form:   besides,  a 

solid  of  any  figure  may  he  divided  by  (he  imagination 
into  a  multitude  of  li-tlo  perpendicular  prisms  or  cylin- 
ders, to  each  of  which  the  argument  may  be  applied. 
What  is  true  of  each  individually  musi  necessarily  be  true 
of  the  whole  together. 

This  is  the  fundamental   principle;    its  ap.pl i cation    is 
made  in  the  following  manner: — Let  it  be  required,  for 
example,    to    know    the    .specific    grmiiy    of   a   body    of 
extremely  irregular  form,  as  a  small  group  of  rock  crys- 
tals: the  first  purr,  ofllie  ojieralion  consists  in  determining 
"    absolute  weight,  or,  mote  corrccily  speaking,  its  weight 
li.r  ;   it  is  nest  suspended  from  the  balance-pan  by  a 
\    horsehair,    immersed   oomplelely    in    piiro   wafer   at 
5°,  and  again  weighed.      It  new 'weighs  less,  the   dif- 
ference being  tin;  weight  of  the   wafer  it  displaces,  lhat 
is,   the    weight   of  an    equal  bulk.      This   being    known, 
nothing  more  is  required   llian  to  find,  by  division,  how 
many  tiroes  (he  laltor  nam  her  is  c:ula.ined  in  the  former; 
the  quotient  will  bo  the  density,  water,  at  the  lompera- 
■e  of  15!>°,  being  taken  =  1.      for  example: 


oigh   iu 


■  ■hi, 


'2K\-  gra 


Difference,  being  ihe  web-h:  of  an  equal  volum 
■ — ■ .=  2'5D,  1.1.0  specific  erav'1.- 
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The  rule  is  generally  thus   written  ;    "  Divide  the  weight  in  air  by  the 
loss  of  weight  hi  water,  ami  tint  quotient  will  ho  the  p=jjexsific  _p,.    7 

gravity."  in  reality  if  is  not  ihc  weight  in  air  which  is 
required,  but  the  weight  Ihc  body  would  have  in  empty 
space:  tile  error  introduced,  namely,  (he  weight-  of  .an 
equal  bulb  of  air  is  so  trifling,  thai,   it  is  usually  neglected, 

Sam  eti  tries  llie  body  t"  be  examined  is  !ig liter  rlum  water, 
and  floats.  In  this  ease,  it  ia  first  weighed,  and  afterwards 
attached  to  a  piece  of  metal  heavy  enough  lu  sink  it,  and 
suspended  from  the  balance.  The  whole  is  then  exactly 
weighed,  immersed  in  waler,  and  again  weighed.  The  dif- 
ference between  the  two  weighing  gives  the  weight  of  a 
quantity  of  water  equal  in  bulk  to  both  together.  The 
light  substance  is  ill  en  del  no  lied,  and  [he  miiik  operation  of 
weigh'.)):?  in  air,  ami  aga.in  in  water,  repeated  on  the  piece 
Of  metal.  These  daia  give  the  means  of  finding  the  specific  gravity,  a. 
will  be  at  once  seen  by  the  following  example: 

Light  substance  (a  piece  of  wax)  weighs  in  air        .        .    188-7  grains 

Attached  to  a  piece  ofbrnss,  the  whole  now  wfiiglia  .      183-7        " 

Weight  of  water  equal  in  bulk  to  brass  aud  was        .  .      144-9       " 

Weight  of  brass  in  air 50-0        " 

Weight  of  brass  in  water 44-4       " 

Weight  of  equal  built  of  water 6-8       " 

Bulk  of  water  equal  to  wax  and  brass       ....      144-9       " 
Bulk  of  water  equal  to  brass  alone 5-6        " 

Built  of  water  equal  to  was  alone 139-3       " 

=  0-9598 


In  all  such  experiments  ii  is  necessary  to  pay  n tf.cnf ion  to  the  tempera- 
ture and  purity  of  the  water,  and  to  teinove  with  great  care  all  adhering 
air-bubbles."  otherwise  a.  false  result  will  he  obtained. 

Other  cases  require  men  I  ion  in  which  these  ope  rut  ions  must  be  modified 
to  meet  particular  difficulties.  One  of  these  happens  when  the  substance 
is  dissolved  or  acted  upon  by  water.  The  dihicnity  is  easily  overcome  by 
substituting  some  oi  her  liquid  of  iinmvii  dens!:;-  which  experience  shows  is 
without  action.  Alcohol  or  oil  of  turpentine  may  generally  be  used  when 
water  is  inadmissible.  Suppose,  for  instance,  the  specific  gravity  of  crys- 
tallized sugar  is  required,  we  proceed  in  the  following  way:  The  specific 
gravity  of  the  oil.  of  I  iiv pontine  is  first  earcfuliy  determined  ;  let  it  he  It-Si  : 
the  sugar  is  next  weighed  in  the  air,  then  suspended  by  a  horsehair,  and 
weighed  in  the  oil ;  the  difference  is  the  weight  of  an  equal  bulk  of  the  lat- 
ter ;   a  simple  calculation   give.,  the  weight,  of  a  corresponding  volume  of 

«A^nq1)ci)l.;m..p,vnilhi-,ilt.i.L'i'tlL'T  t T ■  -- -  :..1::--i..  i    IV  ■■■I  r.:  i.  ■  ..  v.-|.!,:h  often  are  not  easily 
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Weight  of  equal  bulk  of  oil  of  turpentine     .  .  .      217-5        " 

87  :  100  =  217-6  :  250, 
/eight  of  an  equal  bulk  of  water;  hence  the  specific  gravity  of  the 


250 

If  the  substance  to  lie  examined  consists  of  small  pieces,  or  of  powder, 
then  the  method  tirst  described,  t.nu.cly,  ilia:  of  the  specific-gravity  bottle, 
can  alone  be  used. 

By  this  method  the  specific-  gravities  of  metals  in  powder,  metallic  oxides, 
and  other  compounds,  and  sa.lts  of  all  descriptions,  may  be  determined  with 
great  ease.  Oil  of  turpentine  may  be  used  wilh  mu.it.  soluble  eu.lt».  .The 
crystals  should  be  crusbed  or  roughly  powdered  to  avoid  errors  arising 
from  cavities  in  their  substance. 

Tho  specific  gravity  of  a.  solid  can  also  ho  readily  found  by  immersing 
it  in  a  transparent  liquid.  the  density  of  which  lias  been  so  adjusted  that 
the  solid  body  remains  indifferently  at,  whatever  depth  it  may  be  placed. 
The  specific  gravity  of  the  liquid  must  now  lie  determined,  and  it  will,  of 
course,  bo  the  same  as  that  of  the  solid.  It  i.s  necessary  that  the  liquid 
chosen  for  this  experiment,  do  not  dissolve  or  in  any  way  act  upon  the  solid. 
Solutions  of  mercuric  nitrate,  or  corrosive  sublimate,  can  bo  used  for 
bodies  heavier  than  water,  while  certain  oils,  and  essences,  and  mixtures 
of  alcohol  and  water,  can  bo  .:c.;i vriiii'rii'.y  employed  for  such  substances  as 
have  a  lower  specific  gravity  than  Hater.  This  method  is  not  only  adapted 
to  the  exact  determination  of  speoitic  gravities,  but  al.no  serves  in  many 
cases  as  a  means  of  i'c;idily  disiiniiaishing  snbstane.es  much  resembling  one 
another.  Suppose,  for  instance,  a  solution  of  mercuric  nitrate  to  have  a 
specific  gravity  3  ;  a  red  amethyst.  ['2-f,~)  will  then  float  upon,  and  a  topaz 
of  the  same  color  (S-jjO)  will  sink  it.  this  liquid. 

The  theorem  of  Archimedes  alfords  the       Fig.S. 
Fig.Q.  key  to  the  general  doctrine  of  the  equili-        - — - 

brium    of   floating    bodies,   of   which  an    z'  \ 

application  is  made  in  (he  common  hydro-  /    630  J 
meter,  —  an    instrument    for   finding    the   W^      jM 
specific  gravities  of  liquids  in  a  very  easy    ^\jjT 
and  expeditious  manner.  I'll 

When  a  solid  body  is  placed  upon  tho  XJp 
surface  of  a  liquid  specifically  heavier 
than  itself,  it  sinks  down  until  it  displac 
tity  of  liquid  equal  to  its  own  weigl.it,  at  which  p 
it.  floats.  Tims,  in  the  case  of  a  ^nlistmiee  1 1 1 j n :  1  i : <r 
in  water,  whose  specific  weight,  is  one  half  that  of 
the  liquid,  the  position  of  equilibrium  will  involve 
"  immersion  of  one  half  of  the  body,  inasmuch  as 
whole  weight  is  counterpoised  by  a  quantity  of 
;er  equal  to  half  its  volume.  If  the  same  body 
■e  put  into  a  liquid  of  one  half  the  specific  gravity 
water,  if  such  could  be  found,  it.  would  then  sink 
beneath  the  surface,  and  remain  indifferently  in  any 
part.  A  floating  body  of  known  specific  gravity  may 
i  indicator  of  the  specific  gravity  of  a  liquid.  In  this 
manner  little  glass  beads  (fig.  SI  ot  known  specific  gravities  are  some- 
times employed  in  the  arts  to  ascertain   in  a  rude  manner  tho   epeeififl 
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gravity  of  liquids;  the  one  that  floats  indifferently  beneath  the  surface, 
without  either  sinking  or  rising,  has  nf  course  the  same  specific  gravity  as 
the  liquid  itself;   this  is  pointed  out.  by  the  number  marked  upon  the  bead. 

The  hydrometer  {fur.  Oj  in  !:oiicral  use  consists  of  si  floating  vessel  of 
thin  metal  or  glass;,  having  a  weight  benoa.tli  to  maintain  it  in  au  upright 
position,  and  a  stem  above  bc-triec-  a  divided  scale..  The  use  ot  the  inslrti- 
ment  is  very  simple.  The  liquid  to  be  tried  is  put  into  a  small  narrow 
jar,  and  the  instrument  floated  in  it.  II  is  obvious  that  the  denser  the 
liquid,  the  higher  will  t  he  hydrometer  llo;i.;.  because  a  smaller  displacement 
of  liquid  will  counl  or balance  its  weight.  For  I  he  same  reason,  in  a  liquid 
of  less  density,  it  .sinks  deeper.  The  hydrometer  comes  to  vest  almost  im- 
mediately, and  (hen  the  mark  on  the  si  em  at  the  flu  id- lev  el  rria.y  he  read  olf. 

Very  extensive  use  is  made  of  instruments  of  this,  kind  in  the  suds;  they 
sometimes  bear  different  names,  according  to  the  kind  of  liquid  for  which 
they  are  intended;  but  the  prineiple  is  tiie  same  in  all.  The  graatuuion 
is  very  commonly  arbitritry,  two  or  three  different  scales  being  unfortu- 
nately used.  These  may  be  sometimes  reduced,  however,  lo  the  true  num- 
ber;, expressing  She  specific-  gravity  by  lite  aid  of  tables  of  comparison 
drawn  up  for  the  purpose.      (.Ym  Appendix.) 

Tables  are  likewise  used  lo  reduce  (lie  readings  of  the  hydrometer  at 
any  temperature  to  those  of  the  normal  temperature. 

The  division  of  the  instrument  from  below,  upward,  into  100  parts,  is 
much  to  be  preferred  lo  these  arbitrary  scales.  Half  of  these  divisions  must 
be  made  upon  the  stem.  The  liiOth  division  indicates  the  point  of  immer- 
sion in  distilled  water  at  15-5°  C.  (60°  Fahr.)  If  in  another  liquid  the 
instrument  sinks  less  deeply,  for  esumplo  to  tilt  t  hen  fit)  volumes  of  this 
liquid  weigh  as  much  as  lOil  volumes  of  water.  Hence  the  weight  of  100 
Volumes,  that  is,  the  speeitic  gravity,  is  ^  -^  1-67.  By"  this  arrangement 
of  the  scale,  it  is  evident  that  the  reduction  of  the  specific  gravity  is  so 
simple  that,  no  tables  are  required. 

A  very  convenient  and  useful  instrument  In  the  shape  of  a  small  hydro- 
meter, for  taking  the  specific  gravity  of  urine,  has  been  put  into  the  hands 
of  tbe  physician:*  it.  may  be  packed   into  a  pocket-case,  with  a  little  jar 
and  a  thermometer,  and  is  always  ready  for  use.-f 
Kg.  10. 
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The  determination  of  tin1,  hv.nfitu'  jew.  i'y  'if  £a=es  and  vapors  of  volatile 
liquids  is  a  problem  of  very  great  |ir:u:tic  :il  imiim-tu rn:o  lo  the  chemist:  the 
theory  of  the  operation  is  :is  simple  as  when  lit [ii iil h  Ihemaelves  are  con- 
cerned, but  the  processes  ivi  much  mure  ilelk-ai  e,  o.mi  involve  besides  ecr- 
tain  corrections  for  differences  of  temperature  aii'l  pressure,  founded  on 
pririe  ij>l«s  vet  tn  lie  discussed.  It  will  he  [iropev  lo  defer  the  coosider;ul'eLS 
of-  these  .malices  for  ;!n;  present.  Tins  method  of  deieiininit:"  t!j«  speijiiie 
gravity  of  a  gas  will  be  found  described  tinder  the  head  of  Oxygen,  and 
that  of  the  vapor  of  a  volatile  liquid  in  the  Introduction  to  Organic. 
Chemistry. 
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OF  THE  PHYSICAL  CONSTITUTION  OF  THE  ATMOS- 
PHERE AND  OF  GASES  IN  GENERAL. 

IT  requires  sonic  little  abstraction  nf  mi  ml  hi  eeali/.e  o ompletely  the  con- 
dition in  which  nil  thing*  at,  the  surface  of"  the  earth   exist.      Wo  live  at 
the  bottom  of  an  immense  ocean   of  gaseous  maker,  which  envelops  every- 
thing, and  presses   upon   everything   with  a  force  which   appears,  at  first 
sight,  perfectly  incredible,  liut  whose  actual  amount  admits  nf  easy  proof. 
Gravity  being,  so  Car  a*  is  known,   common  10  all  mailer,  il  is  naiural  to 

expect    that   Liases,    hcillft  lliaicrm!     Hi: VutieCU.    sVjOlll.l   hi!  acted     11  j.HIl   by   the 

earth's  attraction,  as  well  iiH  solids  uiji]  liquids.  This  is  really  the  cute, 
and  t.lio  vusuli  if!  the  weight  or  picssure  of  the  atmosphere,  which  is  noth- 
ing more  than  the  offool  of  the  ai  traction  of  the  earl  U  on  I  lie  particles  of  air. 

Before  describing;  the  loud  in;;  phenomena  of  die  atmospheric  pressure,  it 
is  necessary  to  notice  one  very  re  mark  able  feature  in  the  physical  consti- 
tution of  gases,  upon  widen  depend,  ihe  principle  of  an  extremely  valuable 
instrument,  the  air-pump. 

Gases  are  in  the  highest  decree  c'asi  io ;  Ihe  volume  or  space  which  a  gas 
occupies  depends  upon  the  y.riwiiTd  exerted  upon  it.  Let  the  reader  imagine 
a  cylinder,  a,  closed  at  the   bottom,  in  which  Fig.  12. 

moves  a  piston,  air-fight,  so  thai  no  air  ean  es- 
cape between  i  he  pis: on  and  tiie  cylinder.  Sup- 
pose now  the  piston  bo  pressed  downward  with 
a  certain  force:  the  air  beneath  it  will  be  com- 
presseil  into  a  smaller  bulk,  the  amount  of  this 
compression  depending  on  the  force  applied;  if 
the  power  be  sulliejetii.,  1  he  bulk  of  the  gas  may 
be  thus  diminished  to  one  hundredth  part,  or  less. 
When  the  pressure  is  removed,  the  elasticity  <r 
tniuon,  as  it  is  culled,  of  Ihe  included  air  or  gas 
11  ill  immediately  force  up  the  piston  uutil  it  ar 
rives  at  its  first  position. 

Again,  take  fig.  12,  h,  and  suppose  the  pistol 
to  stand  about,  the  middle  of  ibu  cylinder, having 
air  beneath  in  its  usual  state.  If  the  piston  be! 
now  drawn  upward,  the  air  below  will  expand,  | 
so  as  to  fill  completely  i.iie  increased  space,  and 
this  to  an  apparently  unlimited  extent,  A  volume  of  air,  which,  under 
ordinary  circumstances,  occupies  the  bulk  of  a  cubic  inch,  might,  by  the 
removal  of  the  pressure  upon  it,  be  made  to  expand  to  the  capacity  of  a 
whole  room,  while  a  renewal  of  the  former  pressure  w  ould  he  attended  by 
a  shrinking  down  of  the  air  to  its  former  bulk.  The  smallest  portion  of 
gas  introduced  into  a  large  exhausted  vessel  becomes  at  once  diffused 
through  the  whole  space,  an  equal  quantity  beiojf  present  in  every  part; 
the  vessel  isfuil,  although  the  «:i*  is  in  a  state  of  extreme  tenuity.  This 
power  of  expansion  which  air  possesses  may  have,  and  probably  has,  in 
reality,  a  limit;  but  the  lite,;1.,  is  never  reached  in  practice.  We  are  quite 
safe  in  the  assumption  thai  for  all  purposes  of  expert  sue  tit,  however  refined, 
air  is  perfectly  elastic. 

It  ia  usual  to  assign  a  reason  for  this  indefinite  expansibility  by  ascribing 


A  ;■ 


„CoogIe 


36  PHYSICAL    CONSTITUTION 

to  the  particles  of  mnlri'ia!  bodies,  when  a  iu  gaseous  state,  a  self-repulsiyf 

agency.      This    statement    is    i-oixniov.'.y  mudc   somewhat  iu   this  manner; 

Fig.  IB. 


mil  Her  is  tin  dm'  the  influence  of  1  wu  opposite  foreos,  one  nf  which  tends  lo 
draw  the  particles  together,  tin:  other  to  separate  tliem.  By  the  prepon- 
deraiieo  o!'  one  or  other  of  these  rmrcj,  we  have  (lie  three  states  cdled 
solid,  liquid,  and  gaseous.  When  [lie  particles  of  matter,  in  eon  sequence 
of  the  direction  and  slrcnelh  of  their  jinUu.il  attractions,  possess  only  a 
very  slight  power  of  motion,  a  solid  substance  results;  when  the  forces 
are  lien H J  (inhumed,  wo  have  a  liquid,  [he  particles  of  which  in  the  interior 
of  the  muss  are  free  lo  move,  but  yet.  (o  a  certain  extent,  are  held  to  pettier  ; 
and  lastly,  wlien  the  sit  tractive  power  seems  to  bo  completely  overcome  by 
its  FiiiTn^onist,  we  have  si  gas  or  vapor. 

"Various  names  are  applied  to  these  forces,  and  various  ideas  entertained 
Fig,  14. 
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concerning  them  :  the  atlrnci.ivc  force.?  boar  1  he  fame  of  cohesion  when  they 
arc  exerted  bctur™  particles  of  matter  separated  by  an  immeasurably 
Binall  interval,  and  gravitation  when  (lie  distance  is  ir.'cat.  The  repulsive 
principle  is  often  thought  to  be  identical  with  '.ho  pi'inciple  of  heat.  We 
shall  return  to  this  s ubjeoi.  in  ■]  i ~o  11  ~ - !  31  ^  the  nai  ure  of  heat.  (See  page  77.) 
The  ordinary  air-pump,  shown  in  section  in  fiif.  Hi,  consists  essentially 
of  a  metallic  cylinder,  in  which  moves  :i  tightly  titling  piston,  by  the  aid 
of  its  rod.  The  bnttnm  of  (lie  cylinder  communicates  with  the  vessel  to  be 
exhausted,  and    is    furnished   with   a   valve    opening    upward.      A    similar 


valve,  also  opening  upwj 
with  slips  of  oiled  silk.  111 
cylinder,  the  space  left  ben 
valve  opens  only  in  one  dir 
that  side  nothing  to  oppose 
valve,  lifts  the  latter,  and  0; 
begins  to  descend,  the  low 

cut  off.  As  the  descent  of 
cylinder  becomes  compress 
forces  open  the  upper  vah 
manner,  a  cylinder  full  of  a 
the  receiver.  During  the  ■ 
open,  and  the  lower  closed, 

arranged  side  by  side,  the 
having  a  pinion,  or  small- to 
By  this  contrivance  the  op 
the  labor  lessened.  The  ar 
page. 

A  simpler  form  of  air-pi 
may  bo  of  large  dimensions 
piston,  the  rod  of  which  in 
stuffing-box,  at  the  top  of  I 
to  tin;  apparatus  is  to  be  foi 
shown  at  a  in  the  figure 


s  fitted  lo  the 


•"'roe. 


the  bottom  of  the 
since  the  piston- 
iceivcr  having  on 
tight  of  the  lillle 
soon  as  the  piston 
weight,  or  by  the 
tit  the  receiver  ia 
r  inclosed  in  the 
1  and  at  length  it 
osphere.  In  this 
.mp  removed  from 

iposite  movement, 
rels  or  cylinders, 
irmed  into  racks, 
noved  by  a  winch, 
;h  facilitated  and 
1  on  the  preceding 

e  cylinder,  which 
rately  fitted  solid 

inly  valve  essential 
cat  plug  of  metal, 


'1  he 


he  exhausted  is  made  by  a  1.11  be  which 
the  cylinder  a  little  above  (he  bottom.  The  action  is  the 
following:  let  the  piston  bo  supposed  in  the  act  of  rising 
from  the  bottom  of  the  cylinder ;  as  soon  as  it  passes  the 
mouth  of  the  tube  !,  all  communication  is  stopped  between 
the  air  above  the  piston  and  the  vessel  to  be  exhausted ;  the 
inclosed  air  suffers  compression  until  i!  acquires  suilieieut 
elasticity  to  lift,  the  metal  valve  and  escape  by  bubbling 
through  the  oil.  When  the  piston  makes  its  descent,  and 
this  valve  closes,  a-  vacuum  is  left-  in  the  upper  part  of  the 
cylinder,  into  which  the  air  in  the  receiver  rushes  so  soon 
as  the  piston  has  passed  below  the  online  of  the  connecting 

In  the  silk-valved  air-pump.  eMonustino  erases  when  the 
elasticity  of  the  air  in  tire  receiver  becomes  too  feeble  to 
raise  the  valve:  in  that  last  described  ilic  exhaustion  may, 
on  the  contrary,  he  curried  to  an  indefinite  extent,  without, 
however,  under  the  most  favorable  circumstances,  be- 
coming complete.  The  conical  valve  is  made  to  project 
a  little  below  the  cover  of  the  cylinder,  so  as  to  he  forced 
up  by  the  piston  when   the  latter    reaches   the  top  Of ■  the 
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cylinder  ;  the  oil  ther 
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■s  and  displac 
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a  £vea:   tmproyement  to  the  machine   to  supply  the   piston  with  a 
■Ive  opening  upward;    this  may  also   bis  of   metal,    and    contained 
within  the  body  ol'  Ibe  piston.     Its  use  is 
m8-  !•■  to   avoid   the   momentary  condensation   of 

the  air  in  the  receiver  when  ihe  piston  de- 
scends. The  pump  is  worked  by  u  lever  in 
the  manner  represented  in  figure  16, 

The  air-pump  may  be  used  far  oor.uens.. 
iusf  isisUikil  of  for  rarefying  the  air.  IF  the 
C  J.  I  i  T: :  l  ■..■  1'  Mi;;.  10;  is  biled  Willi  ail1  frMll  tilt: 
opening  i.'i,  it.  may  be  forced  by  tin'  rise  of 
tin;  j.ikiiin  lliroiijih  the  valve  ja)  into  a 
communicating:  chamber,  and- this  opeialkiu 
may  be  frequently  repeated. 

To  return  to  ihe  atmosphere.  Air  pos- 
sesses weight:  a  MjkIii.  fla-k  or  globe  of 
glass,  furnished  with  a  stopcock  and  ex- 
hausted by  the  air-pump,  weighs  consider- 
abiy  less  than  when  full  of  air,  If  the 
capacity  of  the  vessel  be  equal  to  100 
cubic  inches,  this  difference  may  amount 
to  nearly  P.O  grains. 

The  mere  fact  of  the  pressure  of  the  at-' 
mospherc  may  be  demon.si rated  by  seourcly 
tying  a  piece  of  bl  udder  over  the  mouth  of 
an  once  s^lass  receiver,  anil  I  hen  e>Jiausl  it:;: 
the  air  from  beneath  it;  the  bladder  will 
become  more  and  more  concave,  until  it 
suddenly  breaks.  A  thin  square  glass  bot- 
tle, or  a  hirjre  air-ti^bi  tin  box,  may  be 
eras  lied  by  wlijr.irjnvhi;?  the  support  of  the 
air  in  the  inside.  Steam-boilers  have  been 
often  destroyed  in  this  manner  by  collapse, 
in  consequence  of  tl:n  accidental  formation 
of  a  partial  vacuum  within. 

After  what  has  been  said  on  ihe  aubjeol  of 
fluid  pressure,  it  i.dt  scarcely  be  ucocssary 
to  observe  that  t.iie  law  of  otpmlhv  of  pu'es- 
■e  in  all  directions  also  holds  good  in  the 
le  of  the  atmosphere.  The  perfect  mo- 
bility of  the  particles  of  air  permits  (be 
tr:it.'-;iiission  of  the  force  generated  by 
r  gravity.  The  sides  and  bottom  of 
ixhausted  vessel  arc  pressed  upon  with 
ouch  force  as  the  top. 
If  a  glass  tube  of  considerable  length 
could  be  perfectly  exhausted  of  air,  and  Iben  held  in  an  upright  position, 
with  one  of  its  ends  dipping  into  a  vessel  of  liquid,  Ibe  latter,  on  being 
allowed  access  to  the  tube,  would  rise  in  its  interior  until  the  weight,  of 
the  column  balanced  the  pressure  of  i  be  air  upon  the  surface  of  the  liquid. 
Now,  if  the  density  of  this  liquid  were  known,  and  ihe  height  and  area  of 
the  column  me:. sure:!,  means  ivo'dd  be  :iit;iisued  for  e\-ac:  -y  e.-i  icuitini;  ihe 
amount  of  pressure  exerted  by  the  atmosphere.  Hudi  an  in  st.ru  iuc.nt  is  the 
barometer;  a  straight  glass  tube  in  taken,  about  3(i  inches  in  length,  and 
Bc»!od  by  the  blowpipe  flttTBc  at  one  extremity ;  it  is  then  filled  with  clean, 
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dry  mercury,  cave  being  taken  to  uisi'lrico  all  air-bubbles,  tlie  open  end 
stopped  with  a  finger,  and  tint  in  ho  inverted  in  111'.:  basin  of  mercury.  On 
removing  the  finger:,  [he  llnid  sir:!;.-:  av.-.iv  from  the  to:i  of  (lie. tube,  until  it 
stands  at  the  heigh;  n' :ihi;iii  ;!H  inches  above  the  level  of  that  in  the  basin. 
Hera  it  remains  supported  by,  :tu<l  babinein^  the  atmospheric  pressure, 
the  space  above  the  mercury  in  the  tube  being  of  necessity  empty. 

Tlti!  pressure  of  the  ;i i . 1 1 1  ■ .. h c  1  h ..: ' ■  o  is  thus  seen  to  bo  capable 
of  sustaining  it  column  of  mercury  80  inches  in  height,  or  Ffg.n. 
thereabouts:  now  such  a  column,  having  an  area  of  one  inch, 
weighs  between  14  and  15  pounds:  consequently  such  must 
be  the  amount  of  (he  pressure  ckiji-i  ed  upon  every  square  inch 
of  the  surface  of  the  earth,  am!  of  the  objects  situated  thereon, 
at  least  near  the  level  of  the  sea.  This  enormous  force  is 
borne  without  inconvenience  by  the  animal  frame,  by  reason 
of  its  perfect  uniformity  in  every  direction;  and  it  may  be 
doubled,  or  even  tripled,  without  injury. 

A  barometer  may  be  constructed  with  other  liquids  besides 
mercury;  but  an  tlio  height,  of  the  column  must,  always  bear 
an  inverse  proportion  to  the  density  of  the  liquid,  the  length 
of  tube  required  will  lis  often  considerable;  in  the  cane  of 
water  it  will  exceed  33  feet.  It  is  seldom  that  any  other  liquid 
than  mercury  is  employed  in  the  construction  of  this  instru- 
ment. The  Royal  Society  of  London  possessed  a  water  barom- 
eter at  thoir  apartments  at  .Somerset.  House.  Its  construction 
was  attended  wii.li  sri'oa.i.  difficulties,  and  it  was  found  impos- 
sible to  keep  it  in  repair. 

It  will  now  be  necessary  to  consider  a  most  important  law 
which  connects  the  volume  occupied  by  a  (las  with  the  pressure 
made  upon  it,  and  is  thus  expressed: 

The  volume  of  pas  is  im-.nrsr.b/  as  the  pressure ;  the  density 
and  elastic  force  are  d'uwibj  as  loo  pressure,  and  inversely 
as  the  volume. 

For  instance,    if)0  cubic   inches  of  gas  under  a 
',',!)  inches  oi  mercury  would  expand  to   £00  cubic 
the  pressuro  reduce!  to  one  hill;',  and  shrink,  on  the  contrary, 
to  BO  cubic  inches  if  the  original  pressure  were  doubled.     The 
change  of  density  musi  nooossarily  be  iri  ;he  inverse  proportion 
to  that  of  the  volume,  and  the  elastic  force  follows  the  same 

This,  which  is  usually  culled  the   law   of  elariolte,    though  __ 

really  discovered  by  lioyle  (Uitil),  is  easily  demonstrable  by  pft5^^ 
direct,  experiment.  A.  glass  iu.be,  about  7  feet  in  length,  is 
closed  at  one  end,  and  bent,  into  the  form  represented  in  fig,  18,  the  open 
limb  of  the  syphon  being  the  lunger.  Ir  is  ne\t  aimehod  to  a  board  fur- 
nished with  a  movable  scale,  of  inches,  and  enough  mercury  is  introduced 
to  fill  the  bend,  the  level  being  evenly  adjusted,  and  marked  upon  the 
board.  Mercury  is  now  poured  into  the  tube  until  it  is  found  that  the 
inclosed  air  has  boon  reduced  to  one  half  of  its  former  volume;  and  on 
applying  the  scale,  if  will  be  found  lhat  the  level  of  the  mercury  in  the 
ooeri  pari  of  i. he  lube  siaiuls  very  nearly  -Vi  inches  above  thai  in  the  closed 
portion.  The  pressure  of  an  addiiional  '■  altnof  phere  "  has  consequently 
reduced  the  bulk  oi"  the  contained  air  to  one  half.  If  the  experiment  be 
still  continued  until  the  volume  of  air  is  reduced  to  a  third,  it  will  be 
found  that  the  column  measures  60  inches,  aud  so  in  like  proportion  as 
far  as  the  experiment  is  carried. 

The  above  instrument  is  j. otter  adautcd  for  illustration  of  the  principle 
than  for  furnishing  rigorous  proof  of  the  law;  this  has,  however,  been 
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MM.  Arago  ami  Ibiliruj;  published,  in  the  year  ]'~"i\  an  account  of 


certain  experiments,  nia.ilo  by  thorn  i; 
had  been  verified  t     " 
of  whatever  degrc 


li  llic  law  in  question 


inS  p.-oblein:  We  have  100  cubic  inches  of  Kns.  in  n 
eradiated  jiiv,  the  Tutij-fuiiijl or  sianilinjr.  at  2')  inches; 
bow  many  c  li  til  c  inches  will  it  occupy  when  the  column 
rises  in  til)  inches? — Nov,'  the  volume  num.  be  inverse];.- 
us  t.l.o  pressure:  consequently  a  change  of  pressure 
in  the  proportion  of  20  to  50  imtsi  be  accompanied  by 
:i  change  (if  volume  in  the  proportion  of  'Mi  to  20,  the 
-l.)  o:ili:i:  inches  of  ;i;as  contracting  to  20  cubic  inches 
tinder  tie  conditions  imsa-incd.    llonce  Ibc  answer: 

30  :  29  =  100  :  9667  cubic  inches. 
The  reverse  of  the    operation  will  be  obvions.     The 
pupil  w il!  do  well  I  n  l'airii'.iai'i/n  himself  wiih  the  sim- 
ple calculations  of  correction  for  pressure. 

From  what  lias  been  said  respecting  the  easy  com- 
pressibility of  (fjises,  it  will  be  ;il  once  seen  that-  llic 
a  too  .sphere  eiililiot.  have  tin:  same  density,  and  cannot 
cxorl  ei|ii:il  pressures  :it.  different  elevations  above  the 
soil-level,  but  that,  on  (ho  contrary,  these  must  dimin- 
ish with  the  altitude,  and  very  rapidly.  The  lower 
strata  of  air  have  !o  bea.r  the  weight  of  those  above 
I  hem  ;  1  hey  become,  in  council  notice,  dourer  iiad  move 
comprcss<'il  than  the  upper  poi-hms.  'I'he  followii;e: 
table,  which  is  taken  from  I'i'of,  (irnliam's  work, 
shows  in  a  very  simple  manner  the  rule  followed  in 
this  respcot; 


leight  n 


re  the 


lelght  of 


2-705  .                    2          .         .         15 

5-41  .         .         .       4  .         .         .7-5 

8-115  8                              8-76 

10*82  .         .         .     16  .         .         .       1-875 

13-525  32          .                    0-9375 

(^2_ ^.jJ/              10-23  .          .          .      64  .          .          .       0-46875 

The  numbers  in  the  first  column  form  an  nritlmi-iii-nl  series,  by  the  con- 
stant addition  of  2-705;  those  in  the  second  column  an  increasing  geomet- 
rical series,  each  bo-inn;  double  Us  predecessor:  a.nd  those  in  the' third,  a 
decreasing  geometrical  series,  in  which  each    number  is  the  half  of  that 

standiiiL;  above  it. 
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OF    THE    ATMOSPHERE. 

In  ascending  into  r  bo  stir  in  a.  balloon,  tin'?::  fifth:;*  are  well  obse 
flip  expansion  of  Lin:  gas  within  the  machine,  and  Ibe  fall  of  the  me 
in  the  barometer,  soon  indicate  lo  the  voyager  Ihe  fact  of  his  bavin, 
below  him  a  considerable  part,  of  the  whole  atmosphere. 

Tile  invention  of  the  barometer,  which  took  place  in  the 
year  1S4H,  by  Torricelli,  a  pupil  of  the  celebrated  Galileo,  &&• 
speedily  led  to  the  observation  that  tin;  attssosjihorio  pressi 
at  the  same  level  is  not  constant,  but  possesses,  on  the  ci 
trary,  a  small  range  of  variation,  seldom  exceeding  in  Europe 
2  or  2-S  inches,  and  with  in  i  fie  i  ropics  usually  confined  with' 
much  narrower  limits.  Two  kind-  of  variations  are  disti 
guished:  regular  or  horary,  and  irregular  or  accidental, 
has  been  observed  that,  in  Europe  iUu  lie! fin.  of  the  barometer 
is  greatest  at  two  periods  in  the  twenty-four  hours,  dependiti; 
upon  the  season.  In  winter,  the  first  maximum  takes  plac 
about  9  A.  St.,  the  first  minimum  at  3  p.  M.,  after  which  the 
mercury  again  rises  and  attains  its  greatest  elevation  ot  9  ' 
thft  evening:  in  summer  these  hours  of  liic  ucjiul  tides  a 
somewhat  altered.  The  accidental  variations  are  much  great 
in  amount,  and  render  it  extremely  difficult  to  trace  the  reg 
hiv  changes  almvo,  mentioned. 

The  barometer  is  applied  with  «v«at  ii.dvantage  to  tie  mc 
surement  of  aeeessiii'c  heiglns.  and  it  is  also  in  daily  use  t 
foretelling  the  slate  of  the  weather ;  its  indications  are  in  tt 
respect  extremely  deceptive,  except  in  the  ease  of  sudden  and 
violent  storms,  wliieh  are  nlmosl  ai  nays  preceded  by  a  rapid 
fall  in  the  mercurial  column.  It  is  often  extremely  useful  i 
this  respect  at  sea. 

To  the  practical  chemist  a  moderately  good  barometer  is  an 
indispensable  article,  since  in  ail  experiments  in  which  volume? 
of  gases  are  to  be  estimated,  an  account  must  be  taken  of  the 
atmospheric  pressure.  Fig.  1!}  represents  a  very  conveni 
and  economical  syphon-barometer  for  this  purpose.  Apiece 
of  new  and  stout  tub':,  of  about  one  third  of  an  inch  in  diam- 
eter, is  procured  at  the  glass  dm  use,  scaled  at  one  extremity, 
and  bent  into  the  syphon-form,  as  represented.  Pure  and 
warm  mercury  is  next  introduced  by  successive  portions  until 
the  tube  is  completely  tilled,  and  the  1  inter  being  held  in  an 
upright  position,  the  level  of  the  metal  in  the  lower  and  open 
limb  is  conveniently  adjusted  by  displacing  a  portion  with  a 
stick  or  glass  rod.  The  barometer  is,  lastly,  attached  to  a 
board,  and  furnished  with  a  Ions  scale,  made  to  slide,  which 
may  be  of  box.-wood,  with  a  slip  of  ivory  at  each  end.  When 
an  observation  is  to  be  taken,  the  lower  extremity  or  zero  of 
the  scale  is  placed  exactly  even  witii  the  mercury  in  the  short 
limb,  and  then  the  height  of  the  column  is  at  once  read  off. 
4* 
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HEAT. 

IT  will  be  convenient  to  f.'cnisEilcr  I  lie  subject,  of  heat   under  several  e 
tions,  and  in  the  following  order:— 

1.  Expansion  of  bodies,  or  oil'oots  of  varun  ions  of  temperature  in  alt 

ing  their  dimensions. 

2.  Conduction,  or  transmission  of  heat. 

3.  Change  of  state. 
i.  Specific  heat. 


6.  Dvns 


a  of  h 


Itbeo 
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EXPANSION. 

If  a  bar  of  metal  of  such  mftjrnil.ude  ns  to  (ii  amiratety  lo  a  gauge,  when 
colli,  be  heated  considerably,  and  agnin  applied  to  the  sjuujre,  it  will  be  found 
to  have  become  enlarged  in  all  its  dimensions.  When  cold,  it  will  once 
more  enter  the  gauge. 

Again,  if  a  quantity  of  liquid  contained  in  n  [tlsi.ss  bulb,  furnished  n 
a  narrow  neck,  be  plunged  j.uio  hot  water,  or  exposed  to  any  other 


Fig.  It 


ft 


of  heat,  the  liquid  will  mount  in  the  stem,  showing  that,  its  volume  has 
been  increased.  The  bulb,  however,  has  likewise  expanded  by  the  heat, 
and  its  capacity  has  eoiisequenl.lv  been  augmented.  The  rise  of  the  liquid 
In  the  tube,  therefore,  denotes  ibe  d.itl'ereuee  between  these  two  expansions. 

Or,  if  a  portion  of  air  he  confined  in  any  vessel,  Ibe  application  of  a 
slight  degree  of  heat  wilt  suffice  u>  make  it  occupy  a  space  sensibly  larger. 

This  most  general  of  all  the  effects  of  heat  furnishes  in  the  outset  a 
prineiple,  by  the  aid  of  which  an  instrument  can  be  constructed  capable 
of  taking  cogiri/.anee  of  changes  of  temperature  in  a  manner  equally  ac- 
curate and  convenient :   suuli  an  iustriimeni  is  the  thermometer. 

closed  and  expanded  into  a  bulb,  by  Ike  aid  of  the  blowpipe  flame,  and  the 
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other  somewhat  drawn  out,  and  left  open.  The  bulb  is  now  cautiously 
heated  by  a  spirit-lamp,  ami  the  open  extremity  plunged  into  a  vessel  of 
mercury,  a  portion  of  which  rises  into  the  bulb  when  the  latter  cools, 
replacing  the  air  which  had  been  expanded  and  driven  out  by  the  heat. 
lSy  again  applying  the  flame,  and  causing  this  mercury  to  boil,  the  remain- 
der of  the  air  is  easily  expelled,  ami  the  whole  space  tilled  with  mercurial 
vapor.  The  open  end  of  the  tube  must  now  be  i  in  mediately  plunged  into 
the  vessel  filled  with  mercury ;  sis  the  nioiallio  vapor*  condense,  the  pres- 
sure of  the  external  air  Ibices  the  liquid  metal  into  (lie  instrument,  until 
finally  the  tube  is  completely  filled  with  mercury.  The  thermometer  thus 
filled  is  now  to  bo  healed  uiilil  so  inucii  mercury  lias  been  driven  out  by 
the  expansion  of  the  remainder,  that  its  level  in  the  tube  shall  stand  at 
common  temperatures  at.  the  point  required,  This  being  satisfactorily 
adjusted,  the  heat  is  once  more  applied,  until  the  eoliunn  rise  -  --*■ 
top:  and  then  the  cxlre.mity  of  the  tube  is  hermetically 
sealed  by  the  blowpipe.  The  retraction  of  the  mercury 
on  cooling  now  loaves  an  empty  spate,  which  is  essen-  0?\ 
li:il  to  iiie  perfection  of  tbe  instrument.  <'-■#*■ 

The  thermometer  lots  vet  to  be  graduated;  stud  to 
make  its  indications  comparable  with  those  of  other 
ins;ruineiiis,  a  scale,  Is :i v i n g  at  (ho  least  two  fixed 
points,  must  be  adapted  to  it. 

It  has  been  observed,  thai  the  temperature  of  molting 
iee,  that  is  to  say,  of  a  mixture  of  ice  ami  water,  is 
always  constant;  a  iherinomoler,  already  graduated, 
plunged  into  such  a  mixture,  always  marks  the  same 
degree  sit'  temperature,  and  a  simple  lube  tilled  in  the 
manner  described  and  so  treated,  exhibits  the  same 
effect  in  the  unchanged  height  of  ine  lir.t.lo  mercurial 
column,  when  tried  from  day  to  day.  The  freezing- 
pi.iiui  of  water,  or  melting-point  of  iee,  const  it  ales  then 
one  of  the  invariable  temperatures  demanded. 

Another  is  to  be  found  in  (lie  boiling-point  of  water,  or,  more  accurately, 
in  the  temperature  of  steam  wliieli  rises  from  boiling  water.  In  order  to 
give  this  temperature,  which  remains  perfectly  constant,  wdiilst.  the  baro- 
metric pressure  is  constant,  to  the  mercury  of  the.  thermometer,  distilled 
water  is  made  to  boil  in  a  glass  vessel  with  a  long  neck,  when  the  pressure 
is  at.  30  inches  (tig.  23).  The  thermometer  is  then  so  placed  thai  all  the 
mercury  is  surrounded  wi"  ' 

there  it  remains  as  long  a; 
is  unchanged. 

The  tube  having  been  carefully  mnrl;ed  willi  a  file  at  these  two  points,  it 
remains  to  divide  the  interim!  iruo  negroes:  this  division  is  entirely  a.rbi  ■ 
trory.  The  scale  now  most  generally  employed  is  the  Centigrade,  in  which 
the  space  is  divided  into  11)6  parls.  the  zero  being  placed  at  the  freozing- 
point  of  water.  The  scale  is  oontiuuod  above  and  below  these  points, 
numbers  below  (I  being  ili.il  iuguished  by  the  negative  sign. 

.In  England  i  lie  ill  vision  of  K;i  lire  illicit  is  still  in  use:  1  lie  above-mention  ri  I 
space  is  divided  into  180  degrees;  bill  the  /.ero,  instead  of  starting  from 
the  freezing-point  of  water,  is  placed  ii'J  degrees  below  it,  so  that  the  tem- 
perature 01"  ebullition  is  expressed  by  212°. 

The  plan  of  Reaumur  is  nearly  confined  to  a  few  phi.ces  in  the  north  of 
Germany  and  to  Russia:  in  ibis  sesile.  ibe  freezing  point  of  water  is  made 
0°,  and  the  boiling-point  80°. 

It  is  unfortunate  that  a  uniform  sysiein  has  not  been  generally  adopted 
in  graduating  ibermomcters:  this  would  render  unnecessary  the  labor 
which  now  so  frequently  has  lo  be  per  formed  of  translating  the  language 
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of  one  scalp  info  fh.tr  of  anoiher.  To  effect,  this,  presents,  howevei 
great,  difficulty.  Let.  it  be  ret, uired.  for  example,  to  know  the  degre 
Fahrenheit's  scale  which  corresponds  to  60°  C. 

100"  C  =  180°  F,  or  5°  C  =  0°  F. 
Consequently, 


6:  9 


;00r 


'ahrenhcil's  scale  comiiieiioes  with  "-c-  Instead  of  0°,  that 
number  must  be  added  l.o  I  he  result,  making  00°  C  =  140°  P. 

The  rule  then  will  be  the'  following:  —  To  convert  Centigrade  degree? 
into  Fahrenheit,  degrees,  iiinli.iply  by  if,  divide  the  jiiniiuot  by  5,  and  add 
32;  to  convert  Fahrenheit  degrees  into  Ceui  irrrsde  degrees,  subtract  32, 
multiply  by  -<>,  and  divide  by  9. 

The  reduction  of  negative  degrees,  or  those  below  zero  of  one  scale  into 
those  of  another  scale,  is  effect ed  in  (lie  same  way.  For  example,  to  con- 
yert—  15°  C,  into  degrees  of  t'ahrenneit — 


We  have  — 15  X  - 


-  27  4.  32  =  +  5  F. 


In  this  work,  temperatures  will  always  be  given  in  Centigrade  degrees, 
unless  tin'  contrary  i-  cxi.ressly  stated. 

Mercury  is  usually  chosen  fov  dim  kin.:'  thern'.emoror.-,  on  account  of  its 
regularity  of  expansion  within  cerlaiu  limits,  ami  because  it  is  easy  to 
have  the  scale  of  gveat  extent,  from  the  large  interval  between  the  freezing 
and  boiling  points  of  the  metal.  Other  substances  are  sometimes  used; 
alcohol  is  employed  for  estimating  very  low  t  em  pern  lures,  because  this 
liquid  has  not  been  frozen  even  at  the  lowest  degree  of  cold  which  hag  been 
artificially  produced. 

also  used  fov  some  few  pari  ioular  purposes  :  in  deed, 
er  made  was  of  this  kind.  There  are  two  modifica- 
:  in  the  first,  the  liquid  into  which  the  tube  dips  is 
open  to  tlie  air;  and  m  the.  second,  shown  in  tig.  '21,  the  atmosphere  is 
completely  excluded.  The  effects  of  expansion  are  in  the  one  case  compli- 
cated with  those  arising  i'rum  changes  of  pressure,  ami  in  the  other  ceaso 
to  be  risible  at  all  when  I  he  v  hah-  instrument  i-  subjected  to  alterations  of 
temperature,  because  the  sir  in  the  upper  and  lower  reservoir  being  equally 
affected  by  such   changes,  no  ali.erariou  in  the   height,  of  the  fluid  column 


Air-thermometer: 
the  first  thermometer 
(Ions  of  this  instrume 


y/  Google 


HEAT.  45 

can  occur.  Accordingly,  such  instruments  are  culled  differential  thermom- 
eters, Since  they  Sam  lo  Uicilsil j-;v  diilereuccs  of  tcni]ie;at.ure  between  the 
iiKi  j 1 1 1 1 ■  i  i ■. . 1 1 -t  of  air,  while  changes  atVooliug  both  alike  are  noi.  indicated. 
l)'ig.  -;->  s'"1""'  another  form  of  the  same  instrument. 

The  air-thermoiuciei'  may  lit  employed  for  measuring  all  temperatures 
from  the  lowest  to  tho  highest:  M.  Pouillet  has  ■lesoviliml  one  by  whieh  the 
heat  of  an  air-fur Uii<!i:  OuuLl  be  measured.  Tin;  reservoir  of  this  instru- 
ment is  of  platinum,  and  it  is  connected  with  a,  piece  of  apparatus  by 
which  the  increase  of  volume  experienced  by  die  included  air  is  determined. 

in  excellent  air-thcrmomoicr  has  been  const  meted  and  used  by  Rudberg, 
and  more  recently  by  Magnus  and  liognault,  for  measuring  the  expansion 
of  the  air.  Its  construction  defends  on  die  law,  that  when  air  is  heated 
and  hindered  from  expanding,  ils  tension  increases  in  (he  same  proportion 
in  which  it  would  have  i  in- it  a.- oil  in  volume  if  permitted  to  expand. 

All  bodies  are  enlarged  in  their  dimensions  i;y  tlii:  application  of  heat, 
and  reduced  by  its  abstraction,  or,  in  other  words,  contract  on  being  artifi- 
cially cooled:  this  cllect  lakes  place  to  a  onmpniativily  small  extent,  with 
solids,  to  a  larger  amount  hi  liquids,  and  most  of  all  in  the  case  of  gases. 

Eaeh  solid  and  liquid  lia.s  ;l  rate  of  expansion  peculiar  10  itself;  gases, 
on  tho  contrary,  expand  nearly  a.liko  for  I  lie  same  increase  of  heat. 

Kt.pttn.smn.  'if  Solids.— The  ditfeivuco  at  o spa  nsiliility  among  solids  is  very 
easily  illustrated  by  tho  following  arrangement :  a-  thin,  straight  liar  of  iron 
is  firmly  fixed,  by  numerous  rivet's,  to  a  similar  bar  of  brass:  so  long  as 
the  temperature  at  which  tho  two  metal;-  were  united  remains  unchanged, 
the  compound  bar  preserves  its  straight  figure;  lint  any  alteration  of  tem- 
perature gives  rise  lo  a  en rrcs ponding  curvature,  lifass  is  more  dilatable 
than  iron;  if  the  bar  be  heated,  therefore,  the  former  expands  more  than 
the  latter,  and  forces  the  straight  bar  into  a-  curve,  "hose  convex  side  is 
the  brass;  if  it  be  artificially  cooled,  the  brass  contracts  more  than  the 
iron,  and  the  reverse  of  this  effect,  is  produced. 


This  fact,  has  received  a.  ninst  valuable  application.  1 
to  insist  on  the  ins  port  ante  of  possessing  ic.stru  annus  for  the  a. 
suretnent  of  time;  sncli  are  absolutely  indispensab'e  lo  the  successful 
cultivation  of  astronomical  science,  and  not  loss  useful  to  the  navigator, 
from  tha  assistance  they  give  him  in  finding  the  longitude  at  sea.  For  a 
long  time,  notwithstanding  the  perfection  of  finish  and  adjustment,  be- 
stowed upon  clocks  and  watches,  an  apparently  insurmountable  obstacle 
presented  itself  lo  I  heir  uniform  and  menhir  in  o  vein  out :  this  obstacle  was 
the  change  of  dimensions  to  which  the  regulating  pans  of  the  machine 
were  subject  by  alterations  of  temperature.  A  clock  may  be  defined  as  an 
instrument  for  registering  the  number  of  boats  made  by  a  pendulum:  now 
the  time  of  oscillation  ol  a  pendulum  depends  pniu-Jp'tUa  upon  its  length; 
any  alteration  in  this  enndil  inn  will  seriously  alloc  t  die  rate  of  the  clock. 
The  material  of  which  the  rod  of  the  pendulum  Is  composed  is  subject  to 
expansion  and  contraction  by  changes  of  temperature;  so  that  a  pendulum 
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adjusted  to  vibrate  seconds  :n  1j-5°  would  go  too  slow  if  the  temperature 
rose  to  211°,  from  its  becoming  longer,  and  loo  fast  if  tie  temperature  fell 
to  10°,  from  lis  opposite  cause. 

s  been  overcome  by  making  the  rod  of  a  number 

ir  iron  and  zinc,  jiieiais  whose   rules  of  cxpun- 

inging   these   bars    in    such  a  manner  that  the 

n  of  tlie  iron  shall  he  exactly  compensated  by 

n  of  the  brass  or  zinc,  it.  is  possible  to. maintain 

■s  of  temperature  an  invariable  distance  between  the 

a  and  of  oscillation.      Tins  is   often  culled  the  yriiiirin 


Tliis  ;ri'eat.  difficulty  h 
of  bars  of  iron  and  brass, 
sion  are  different,  and  a 
expansion  in  one  direction 
that  in  the  opposite  d 

points  of  si 


A  still  simpler  compens/i/iLmpciidulu:!!  is  (hi!:-  constructed.  The  weight 
or  bob,  instead  of  being  made  of  a  disc  of  metal,  consists  of  a  cylindrical 
glass  jar  containing  mercury,  which  is  held  by  a  stirrup  at.  the  extremity 
of  the  atee!  pendulum-rod,    jig.   2ti.      The   same   iucreusc   of   temperature 

'  '  h  lengthens  this   rod,  causes   the  volume  of  the  mercury  to   enlarge, 


the  jar:   the  centre  of  gravity  is  ilms  elevated,  at 
by  properly  adjusting    the   t|ii!intity   of  mercury  in 
the  glass,  the  virtual   lengi  li  of  the  pendulum  may 

In  watches,  the  governing  power   is  a  horizontal 
weighted  wheel,  set  in  motion    in    one  direction  by 
hinc  itself,  and  in  the  other  by  a  fine  spiral 
The  rate  of  "■dug  defends  greatly  on  the 
diameter  of  this  wheel,  and  the   diameter  is  of  ne- 
cessity subject  to  variation  by  ehji.nge  of  tempera- 
ture.     To   remedy   the  evil   thus  involved,   the  cir- 
cumference   of  the  balance-wheel    is   made   of  two 
metals  having  different   rates  of    expansion,  firmly 
soldered  together,  ilic  more  expansible  being  ou  the 
The  compound  rim  is  also  out    through   in   two   place*,  as  repre- 
the  drawing.      When  the  watch  is  ex  posed  to  a  high  temperature, 
the  diameter  of  the  wheel  bocom.es  enlarged  l:y  expansion,  each  seg- 
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mentis  made,  by  the  same  agency,  to  assume  a  Bharper  curve,  whereby 
its  centre  of  gravity  is  thrown  inward,  and  (ho  expansive  effect  completely 
com  pen  Silted.  Many  oilier  beautiful  applications  of  Ihe  same  principle 
might  be  pointed  out:  the  met  a  Hie.  thermometer  of  M.   liveguet  is  one  of 

Mr.  Daniell  very  * k il dully  uppliod  ihe  expansion  or  a  rod  of  metal  to 
the  measurement  of  lemperai  uves  jivvt  '.hose  capable  u:  being  indicated  by 
the  thermometer.  A  rod  of  iron  or  pla- 
tinum, a'llO'.lt    iivO    inches    1(1112.   is    diMppe.il 

into  a  tube  of  black  lead  earthenware;  a 
little    cylinder  of  baked  poreelain  is  pui 
over  it,  and  secured  in  its  place  by  a  pla- 
tinum  strap   and   a    wedge    of    porcelain. 
When  the  whole  is  exposed  to  heat,  the  ex- 
pansion   of    the    bar    drives    forward    th< 
cylinder,  which  moves  with  a  certain  de- 
gree  of  friction,  and   shows,  by  the  extent 
of  Us  displacement,  (lie  leiigihi-aiiig  which 
Hie  bar  ha.--  undergone.      It  remains,  llier" 
fore,  to  measure  the  amount  of  its  displae 
mont,  which  must  be  very  small,  even  whi 
the    heat    has    been    exceedingly    intens 
This  is  eiiociert   by  the   contrivance  show 
in  figure  SO,  in   which    the   motion   of  the  L 
longer  arm  of  the  lover  carrying  the  vernier 

of  the  scale  is  multiplied  by  1(1.  in  cousoiia'nee  nf  If.-  superior  length.  The 
scale  itself  is  made  comparable  with  thai  of  the  ordinary  thermometer,  hy 
plunging  the  instrument  into  :i  balh  of  inercncy  near  its  point  of  congela- 
tion, and  afterwards  into  an  ■  it  her  of  the  same  metal  in  a  boiling  stale,  and 
marking  off  the  inlei'vul.  Uy  litis  instrument  (he  melting-point  of  cast 
iron  was  fixed  at  IflSO^C.  (27Stic  !■'.),  ana  the  greatest  beat  of  a  good  wind- 
furnaee  at  about  1816°  C.  (3390°  F. ) 

The  actual  amount  of  expansion  which  different  solids  undergo  hy  the 
same  increase  of  heat  has  been  oari'luRy  investigated.  The  following  are 
some  of  the  results  of  the  Lest  investigations,  um re  particularly  those  of 
Lavoisier  and  Laplace.  The  fraoiiou  indicat  es  :  lie  amount  of  expansion  in 
length  suffered  by  rods  of  the  undermentioned  bodies  in  passing  from  0° 
to  100° : 


Firwood*. 

-     «Jl 

Temper 

Kaglish  Hint  glass 

Soft  ire 

ria^iiiuiiT 

•      TT^T 

Gold 

Comnuin  white  glnssj    - 

Copper 

Cojaimiii  white  glass 1 

■    l$r 

lilass  without  lead 

Auoi  lice  specimen    . 

■      TO^ 

Steel  untempered 

Zinc 

From  the  linear  expansion,  Die  t-ulu:  expansion  (or  increase  of  volumt 
may  be  calculated.  When  the  expansion  of  a  hody  in  dill 
is  equal,  as,  for  example,  in  glass,  uammcivd  petals,  ami  generally  in 
most  uneryst  alii  zed  substances,  it  will  be  sufficient  !o  triple  the  fraction 
expressing  the  increase  in  one  dimension.     This  rule  does  not  hold  true 
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for  crystals  belonging  hi  i  1  ■  i ■  o > - 1  l  1  a i1  ;i;li':!u,  i'or  they  expand  unequally  in 
the  direction  of  Ihe  different  axes. 

Melals  appear  id  cxjmml  pretty  uniformly  for  e'-jua!  increments  of  heat 
within  tbe  limits  stated  ;  liul.  above  the  beiling-point  of  water  the  rate  of 
expansion  becomes  irregular  and  more  rapid. 

The  force  exerted  in  t.lie  act  of  expansion  is  very  great.  In  laying  down 
railways,  building  iron  lirhkos,  erecting  long  ranges  of  s  team  -pipes,  and 
in  executing  all  works  of  the  kind  in  which  niota'.  in  largely  used,  it  is 
indispensable  to  make  pro  vision  fur  Ihese  changes  of  dimensions. 

In  consequence  of  glass  and  phi  I  ion  re  having  neatly  I  he  same  amount  of 
expansion,  a,  thin  pint! n uiii  wire  may  tie  fused  into  it  glass  tube,  without 
any  fear  that  the  glass  will  break  on  cooling. 

A  very  useful  lit.:!e  a.ppli cation  of  expansion  by  heal  is  that  of  the  cut- 
ting of  glass  by  a  hot  iron:  (his  is  constantly  practised  in  the  laboratory 
for  a  great  variety  of  purposes.  The  "lass  to  lie  cut  is  marked  with  ink 
in  the  required  direolion,  and  Ihcn  n  oraek.  commenced  )>y  any  convenient 
method,  at  some  distance-  frnm  the  desired  lino  of  tract  m-e,  may  he  led  by 
the  point  of  a  heated  iron  red  along  the  hitter  with  the  greatest  precision. 

iftponiion  of  Liquid*. — Tlie  dilatation  of  :i  liquid  may  be  determined  by 
filling  a,  thermometer  willi  if,  in  which  the  relation  between  the  capacity 
of  the  ball  and  (liar  of  (he  stern  is  exactly  known,  and  observing  the  height 
of  the  column  at  dill'eront  temperatures.  It  is  necessary  in  this  experiment 
(o  take  into  account  Ihe  effects  of  tiie  expansion  of  the  glass  itself,  the 
observed  result  being  evidently  ihe  tio'/Wv; itrr  of  the  two. 

Liquids  vary  exceedingly  in  (his  particular.  The  following  table  is  taken 
from  Peulet's  Hlment*  de  Physique: 

Apparent  Dilatation  in  Glass  hritsr.cn  0°  and  100°. 

Water ^ 

Hydrochloric  aeid,  sp.  gr.  1-137  .  .  .  .      jtj 

Nitric  acid,  sp.  gr.  1-4 J 

Sulphuric  acid,  sp,  gr.  1-85 T'T 

Ether -fa 

Olive  oil ft 

Alcohol 4 

Mercury -         -     j'j 

Most  of  these  numbers  must  be  taken  us  representing  mean  results;  for 
there  are  few  liquids  which,  like  meienry,  expand  regularly  between  these 
temperatures.  Even  mercury  above  1001'  shews  an  unequal  and  Increasing 
expansion,  if  the  (emncvalnre  indicated  by  the  air-thermometer  be  used 
for  comparison.  This  is  shown  by  the  following  abstract  of  a  table  given 
by  Regnault: 


g  of  Mercurial 

Temperature  deduce 

0° 

0° 

0° 

100° 

100° 

100° 

200° 

801° 

308-34° 

354° 

362-160 

The  absolute  an 

e'.mt.  of 

expansion  of  mercury  is,  for. many 

ori.an.ee 

if  has  been   very  carelnllv   deten 

method  independe 

t  of  tin 

expansion  of  the  c-ont-aimng  vesse 

paratus  employed 

or  this 

later  by  Rognault, 

is  show 

i  m  fig.  31,  dr 
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subordinate  parts.  It  consists  of  two  upright  glass  tubes,  connected  at 
their  bases  by  a  horizontal  lube  of  much  smaller  dimensions.  Since  a  free 
com  in  11  ni  cation  exists;  between  (be  two  tubes,  mercury  poured  into  the  one 
will  rise  to  tbe  same  level  in  the  other,  provided  its  temperature  is  the 
same  in  both  tubes  ;  when  this  is  not  the  ease,  the  hotter  column  will  be 
the  taller,  because  the  expansion  of  the  metal  diminishes  its  specific  gravity, 
and  the  law  of  hydeoslatic  equilibrium  requires  thai  the  height  of  sucli 
columns  should  be  inversely  its  their  densities.  Ry  the  aid  of  the  outer 
cylinders,  one  of  tbe  tubes  is  maintained  constantly  at  <)'J,  while  the  other 
is  raised,  by  means  of  healed  water  or  oil,  to  any  required  temperature. 
The  perpendicular  heights  of  the  columns  m:iy  then  be  read  off  by  a  hori- 
zontal micromotor  1  olescopo,  moving  on  a  vert i oral  divided  scale. 

Those  heights  represent  volumes  of  equal  weight,  because  volumes  of 
equal  weight  bear  on  inverse  propoviion  to  the  densities  of  the  liquids,  so 
that  the  amount  of  expansion  admits  nf  boirisr  vers-  oasilv  calculated.  Thus, 
lei.  tbe  column  ai  IP  be'«is  inches  high,  and  flint,  at  [00°,  r',-l()8  inches;  the 
increase,  uf  height.,  I  OS  tin  u'ljili),  or   .J-s  part  of  the  actual  cubical  expansion. 


lomerer  are  inaccurate  when  very 
red,  from  the  increased  expansi- 
bility of  the  metal.  The  error  thus  caused  is,  however,  nearly  compen- 
sated for  temperatures  under  lit)  [■:>"  by  the  expansion  of  ilae  glass  tube.  For 
higher  temperatures  a  small  correction  is  neeessai-y,  as  the  above  table  shows. 
To  what  extent  the  expansion  of  different  liquids  may  vary  between  the 
same  temperatures  is  obvious  from  a  glance  at  fig.  ?f2,  which  represents  the 
expansion  of  mercury  (Mi,  water  [Wi,  oil  of  lurpeuliiie  (T),  and  alcohol 
(A).  A  column  of  these  several  liquids,  equalling  at  0°  the  tenfold  height 
of  the  line  0  01  in  tlae  diagram,  wo  old  exhibit,  wben  heated  to  a  temper- 
ature of  10°,  20",    S0U,  Xc,   an   expansion   indicated  by    the  distances  at 


^ 

^ 

sS 

X 

y 

y 

which  the  perpendicular  lines  drawn  o 
intersected  by  the  curves  belonging  to 
.5 
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seen  that  oil  of  Uivpent  Inc.  between  0°  and  100°,  expand 
of  its  volume,  and  that  mercury,  between  the  same  limiti 
expands  uniformly,  while  the  rail'  of  o\pansiuii  of  the  other 
with  the  rise  of  Ihe  temperature. 

An  exception  to  iho  regularity  ol'  expansion  in  liquids  exists  in  the  ease 
of  water;  it  is  so  remarkable,  and  its  consequences  so  important,  that  it- 
is  neecssai-y  to  n.ilvi-1-i  to  it  particularly. 

Let  a  large  thermometer-tube  be  filled  wilh  water  lit  the  common  tem- 
perature of  the  air,  and  I  lien  artificially  cooled.  The  liquid  will  be  ob- 
served to  contract,  until  the  temperature  fulls  to  about.  4°  C.  (3fl-2°  F,,  or 
8°)  above  the  freezing-point.  After  (his  a  further  reduction  of  tempera- 
ture causes  expansion  instead  of  contraction  in  the  volume  of  the  water, 
and  this  expansion  continues  until  tlie  liquid  arrives  at  its  point  of  eon- 
gelation,  when  so  sudden  and  violent,  an  cnhvuemeni.  takes  place  that  the 
vessel  is  almost  invariably  broken.  At  the  temperature  of  4°,  water  is  at 
ita  maximum  density;15  inerease  or  diminution  of  heat  produces  upon  it. 
for  a  short  time,  the  same  effect. 

A  beautiful  experiment  "by  Dr.  Hope  illiistralcs  the  same  fact.  If  a  tal! 
jar  filled  with  water  at.  10°  or  1-V',  and  bavin;;  in  ir  1  wo  small  thermometers, 
one  at  the  bottom  and  the  other  near  Ihe  surfaee,  be  placed  at  rest  in  a 
very  cold  room,  the  following  obauc.es  will  bo  observed  ; — The  thermometer 
at  the  bottom  will  fall  more  rapidly  than  that  at  the  top,  until  it  has  at- 
tained, the  temperature  of  4°,  after  which  it  will  remain  stationary.  A.t 
length  the  upper  thermometer  wi  11  also  mark  i",  hut  still  continue  to  sink 
as  rapidly  as  before,  while  that,  at  t.he  bottom  remains  stationary.  It  is 
easy  to  explain  these  e fleets  :  the  water  in  the  upper  part,  of  the  jar  is  rapidly 
cooled  by  contact  with  t.he  air;  it  becomes  denser  in  consequence,  and  falls 
to  t.he  bottom,  its  pla.ee  being  supplied  by  the  lighter  and  warmer  liquid, 
which  in  ita  turn  suffers  (lie  same  change:  ami  this  circulation  goes  ou 
until  the  whole  mass  of  water  has  acquired  its  condition  of  maximum 
density,  that  is,  until  the  temperature  has  fallen  to  4°.  Beyond  this,  loss 
of  heat  occasions  expansion  instead  of  contraction,  so  that  the  yery  cold 
water  on  the  surface  has  no  tendency  to  sink,  but  rather  t.he  reverse. 

This  singular  anomaly  in  the  behavior  of  water  is  attended  with  the 
moat  benofieial  consequences  in  shielding  the  inhabitants  of  the  waters 
from  excessive  eold.  The  deep  lakes  of  the  North  American  comment 
never  freeze,  the  intense  sail  prolonged  cold  of  the  v,  inters  of  those  rcp;io>!s 
being  insufficient  rn  reduce  the  temperature  of  such  masses  of  water  to  4a. 
Ice,  however,  of  great,  thickness  farms  ovor  the  shallow  portions  and  the 
rivers,  and  accumulates  in  mounds  upon  the  beaches,  where  the  waves  are 
driven  up  by  the  winds 

Above  the  freezing-point,  sea-water  has  no  point  of  maximum  density. 
Tho  more  it  is  cooled  the  denser  it  becomes,  until  it.  solidifies  at  -2-6°. y 
The  gradual  expansion  of  pure  water  cooled  below  4°  must  be  carefully 
distinguished  from  the  great,  ami  sudden  increase  of  volume  it  exhibits  in 
the  act  of  freezing,  in  which  respect  it  resembles  many  other  bodies  which 

*  AcrarrliNK  to  till'  lr.1r.st  r...si.,u.:li..s  ,,!  Kop[i,  tin'  l-'uM.  of  gr,YU™t  density  of  Iho  wuttsr  is 
l-OS'Cl'Smr   F.i.       AiVi.ribr.-    ::.    !:,■    rl.-t     ll i:>IH   ,■■■    :ilis     t,l- «  S.:-isL,   11],)    VdilLIlSK  Df   Willi! 

=  1  at  0=  0.  changes  ivlniii  he,,!,:,!  u.  11k:  following  volumes  : 

2°  n-SOilo.l  }fiO  i-nnnSB  35°  1-00570  7(P  1-<fli2a 

4°  0  99988  IS"  1-00118  40"  1-00753  7o->  l.i.r;;,;! 

8°  0-99990  20°  10015T  45°  1-00991  SO'  1-ur-,is 

•■■-'  n-.!. !.!.■'!  <£P  1-00JW  60°  1-01177  «:,-:■  i  ■;■.:. is:, 

Id1-  Vimuli  -2ic  1-00-2H  65°  1-01410  lit!"'  lus.-.s.i 

VJP  llii...ril  25°  1 '00912  «0°  0-01669  9j=>  l-utiWHJ 

H°  1-0(K);«  .10°  1-00406  65"  1-01930  leu"  Hlti'j'J 


i  \eimisati.  I'.i;.::i\  "ciit'a  AliMrn,  esjii. :'. 


yf  Google 


HEAT.  51 

expand  on  solidifying.  The  forte  I lms  execied  by  freezing  water  is  enor- 
mous. Thick  iron  stiolls  quite  tilled  with  water,  and  exposed,  with  (heir 
fuse-kales  securely  plugged,  to  the  cold  of  si  Canadian  winter  night,  have 
been  found  split  on  t.lie  following  morning.  Tin:  freezing  of  water  in  Ike 
joints  and  crevices  of  roeks  is  a  most  potent  agent-  in  their  disintegration. 
Expansion  of  Gums. — This  is  a  point,  of  gresn  practical  importance  to  the 
chemist,  and  happily  we  have  very  excellent  evidence  upon  the  subject 
The  following  1'om1  propositions  exhibit,  at  ;i  single  view,  the  principal 
facts  of  the  ease; 

1.  All  gases  expand  nearly  alike   for  equal    increments  of  heat;   and  all 

vapors,  when  remote  from  their  condensing  pom:s,  follow'  the  same 

2.  The  rate  of  expansion  is  not  altered  by  a  change  in  the  state  of  com- 

pression, or  elastic  force  of  the  gas  itself. 

3.  The  rate  of  expansion  is  uniform  for  sill  degrees  of  heat. 

i.  The  actual  amount  of  expansion  is  equal  to  ^  or  „££„  or  0-0361)6  of 
the  volume  of  the  gas  ai  '■'"'  Cent  igraile,  tor  each  degree  of  the  same 
scale.* 

It  will  be  unnecessary  to  enter  into  any  description  of  the  methods  of 
investigation  by  which  these  results  have  been  obtained;  the  advanced 
student  will  find  in  l.'onillei's  llie-writis  •}<■■  i'/ii/ni'/ia.,  and  in  tlie  papers  of 
Magnus  and  J.trgnault, j  all  the  information  he  may  require.  . 

In  the  practical  manipulation  of  gases,  it.  very  often  becomes  necessary 
to  make  a  correction  for  if  mporature,  or  to  discover  how  much  the  volume 
of  a  gas  would  be  increased  or  diminished  by  a  particular  change  of  tem- 
perature; this  can  be  effected  with  great  facility.  Let  it  be  required,  for 
example,  to  find  the  volume  whieh  ](■((  cubic  inches  of  any  gas  at  10" 
would  become  on  the  temperature  rising  to  20°. 

The  rate  of  expansion  is  ,;,  ol-  ,.J!.,  of  the  volume  at  0°  for  each  degree; 
or  iJOOit  measure.-  at  Ur'  become  HOI  1  at  lu,  KH22  at.  1!'-,  Kill)  at  HP,  and 
8220  at  20°.     Hence 

Metis,  flt  10".         Mens,  at  20°.        Mesa.  ntI0°.        Meas.  at  20°. 

ailO        :        8220      =        100        :      103  037 

If  this  calculation  is  required  to  be  made,  on  the  Fahrenheit  sea.lo.it 
must  bo  remembered  i.hat  the  r-f.ro  of  thai  scale  is  till-  below  the  nteliing- 
point  of  ice.  Above  this  temperature  she  expansion  for  each  degree  of 
the  Fahrenheit  scale  is  j.'^  of  the  original  volume. 

This,  and  the  correction  for  pressure,  are  operations  of  very  frequent 
occurrence  in  chemical  invest  igaiions,  and  the  student  will  do  well  to  become 
familiar  with  them. 

Note. — Of  the  four  propositions  stated  in  the  text,  the  first  and  second 
have  recently  been  shown  to  be  true  within  certain  limits  only;  and  tile 
liiird,  although  in  the  highest  degree  probable,  would  be  very  difficult  tn 
demonstrate  rigidly  ;  in  fa.et,  the  equal  rate  of  expansion  of  air  is  assumed 
in  all  experiments  on  a  titer  .substances,  and  becomes  the  standard  lij  which 
(lie  results  are  measured. 

The  rate  of  expansion  for  ihe  dil'Vi-ert.  gases  Is  nut  absolutely  the  same, 
but  the  difference  is  so  small  that,  for  most  purposes  it  may  with  perfect 
safety  be  neglected.     Neither  is  the  state  of  dasiieity  altogether  indifferent, 

•  Ihe  taction  jJJ,  Is  very  Mmvenumt  for  calculate. 
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It  is  important  lo  notice  that  the  greutesl  deflations  from  the  rule  are 
exhibited  by  those  gases  which,  as  "'ill  hereafter  In:  .seen,  are  most  easily 
liquefied,  such  as  carbon  dioxide,  cyanogen,  iitnl  sulphur  dioxide;  and  that 
the  discrepancies  become  smaller  ami  smabcr  as  the  elastic  foroe  is  lessened  : 
so  that,  if  means  exited  for  comparing  I  lie  diiiercot  puses  in  slates  equally 
distant  from  their  points  ol'  condensation,  there  is  reason  to  believe  that  the 
law  would  ba  strictly  fulfilled. 

The  experiments  of  l.bihon  arid  tlny-.l.ussao  give  for  the  rate  of  expan- 
sion ,,',■-  of  the  volume  at.  0°  :  this  is  no  doubt  too  high.  Those  of  find  hcrg 
give  --1-..-:    those  of  Magnus  and  of  l.icgiiault  3|y. 

The  ready  expansibility  of  air  by  heat    gives  rise  lo  the  phenomena  of 

winds.      In  the  temperate  regions  of  (lie  earth  these  are  very  variable  and 

_.    „,  uncertain,    but   wit.bin   and  near   the  tropics  a. 

muoli   greater   regularity  prevails;   of  this  the 

fri:i.k-v,-iniU  furnish  a  beautiful  example. 

The  steadier  degree  of  obliquity  with  which 
Hie  sun's  rays  fall  it:  the  localities  mentioned, 
occasions  Hie  broad  bolt  thus  stretching  round 
the  earth  to  become  more  heated  than  any  other 
-J  S  part  of  the  surface.  The  heat  thus  acquired  by 
absorption  is  imparled  to  the  lower  s  Ira  turn  of 
air,  which,  becoming  expanded,  rises,  and  gives 
place  lo  imolher;  and  in  this  manner  an  as- 
cending current  is  established,  the  colder  and 
heavier  air  streaming  in  laterally  from  the  more 
temperate  regions,  north  and  south,  to  supply  the  partial  vacuum  thus  occa- 
sioned. A  circulation  so  commenced  will  be  comi'lefed,  in  obedience  lo  (he 
laws  of  hydrostatics,  by  the  est  aid  i  slim  cut.  of  counter-currents  in  the 
higher  parts  of  the  atmosphere,  having  directions  the  reverse  of  those  on 
the  surface. 

Such  is  the  effect  produced  by  ihe  unequal  heating  of  the  equatorial 
parts;  or,  more  correctly,  such  would  be  the  effect  were  it  not  greatly 
modified  by  the  earth's  movement,  of  rotation. 

As  the  circumference  of  the  earth  is,  in  round  numbers,  about-  iM.OOO 
miles,  and  since  it  rotates  on  its  axis,  from  west  to  east,  once  in  24  hours, 
the  equatorial  parts  must,  have  a  motion  of  1000  miles  per  hour;  this 
velocity  diminishes  rapidly  toward  each  pole,  where  it  is  reduced  to 
nothing. 

The  earth  in  its  rotation  carries  with  it  the  atmosphere,  whose  velocity 
in  the  absence  of  disturbing  causes,  with  Hi  at. 
part  of  the  surfiieo  immediately  below  it.  The 
air  which  rushes  towafd  the  equator  lo  supply 
the  place  of  that,  raised  aloft  by  its  diminished 
density,  brings  with  it  the  degree  of  momen- 
tum belonging  t.o  that  portion  of  the  earth's 
surface  from  which  it  set  out,  and  as  this  mo- 
mentum is  less  than  that  of  the  earth  under 
its  new  position,  the  earth  itself  travels  bister 
than  the  air  immediately  over  it,  thus  pro- 
ducing the  effect,  of  a  wind  blowing  iu  a  con- 
trary direction  to  that  of  its  own  motion.  The 
original  mjrlh  and  south  winds  are  thus  devi- 
ated from  their  primitive  directions,  and  made 
lo  blow  more  or  less  from  the  eastward,  so  that 
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the  combined  effects  of  (lie  imtqua]  hea.ting  and  of  the  movement  of  rota- 
tion is  ro  generate  in  Mis  northern  hemisphere  it  constant  north-cast  wind, 
and  in  tiie  southern  hemisphere  an  tonally  .ninsla.nl  south-east  wind. 

Id  l.he  same  manner  (lie  upper  or  return  current  is  subject  to  a  change 
of  direction  in  the  reverse  order;  the  rapidly  moving  wind  of  the  tropics, 
transferred  laterally  toward-  I  lie  polo-.,  is  soon  found  to  travel  faster  than 
Iho  earth  beneath  it,  producing  the  eii'eet  of  a  westerly  wind,  which  modi- 
ties  the  primary  current. 

The  regularity  of  the  trade  winds  is  much  interfered  with  by  the  neigh- 
borhood of  large  con  tin  on  is.  which  produce  local  clfects  upon  a  scale  suffi- 
ciently great  (o  modify  deeply  the  direction  and  force  of"  the  wind.  This 
is  the  ease  in  the  Indian  Ocean.  They  usually  extend  from  about  the  28th 
degree  of  latitude  in  both  hemispheres  to  within  8°  of. the  equator,  but  are 
subject  to  some  variations  in  this  respect.  I'd  ween  i  lie  in.  and  also  beyond 
their  boundaries,  lie  bells  of  culms  and  light  variable  winds;  and  beyond 
these  latter,  extending  into  hidier  latitudes  in  both  hemispheres,  westerly 
winds  usually  prevail.  The  general  direction  of  the  trade-wind  of  the 
Northern  hemisphere  is  E.N.'li.,  and  that  of  the  Southern  hemisphere 
E.S.B. 

The  trade-winds,  it  may  bo  remarked,  furnish  an  admirable  physical 
proof  of  the  reality  of  Ihe  earth's  movement  of  rotation. 

The  theory  of  the  action  of  eliimnoy.s,  and  of  natural  and  artificial  ven- 
tilation, belongs  to  the  same  subject. 

■  Let  the  reader  turn  to  the  demonstration  jriven  of  Ihe  Archimedean 
hydrostatic  theorem  :  lei  him  once  move  imagine  a  body  immersed  in 
water,  and  having  a  density  ei|iia.l  t.n  that  of  the  water;  it,  will  remain  in 
equilibrium  in  any  part  beneath  tlie  surface,  and  for  these  reasons;  The 
forte  which  presses  it  downward  is  the  weigh!  of  the  body  added  to  Ihe 
weight  of  the  column  of  water  above  it.;  the  force  which  presses  it  upward 
is  the'  weigh!  of  a  column  of  water  cijua.l  to  Iho  I: sight  of  both  conjoined  ;  ■ — 
the  density  of  the  body  is  that-  of  water,  that  is,  it  weighs  as  much  as  an 
ei|iial  bulk  of  I  lial  liquid  ;  consequently,  (he  don  tiivani  and  up  ward  forces 
are  equally  balanced,  anil  the  body  remains  at  rest. 

Next,  let  the  civet; instances  be  altered  :   let  the  body  be  lighter  than  an 
equal  bulk  of  water ;  the  pressure   upward  of  the  column  of  water  a  c  is 
no   longer  compensated  by  the   downward   pres- 
sure  of  the  coiTesi'utidiug   column    n I'  solid  and  W^.  35. 
water  above  it;    the  former  force  preponderates, 
and  l.he  body  is  driven    upward.      If,  on  the  eon. 
trary,  the  body  be  specifically  heavier  than  wa- 
ter, then  the  hitter  force  has  the  ascendency,  and 
the  body  sinks. 

All  things  so  described  exist  in  a  common 
chimney  ;  the  solid  body,  of  the  same  density  as 
that  of  the  fluid  in  which  it.  floats,  is  represented 
by  the  air  in  the  chimney  funnel ;  the  space  a  6 
represents  (ho  whole  ;iliaos|ihere  above  it.  When 
l.he  air  imide  and  outside  the  chimney  is  at  the 
same  leiuperaiore,  equilibrium  takes  place,  be- 
cause the  downward  tendency  of  the  air  within  is  counteracted  by  the 
upward  pressure  of  that  without. 

Row,  let  the  chit :.y  be  hcai/'d  ;  the  air  suiters  expansion,  and  a  portion 

is.  expelled;  the  chimney  therefore  contains  a  smaller  weight  of  air  than 
it  did  before ;  the  external  and  interna.'  coin  in  us  no  bin  get'  balance  each 
other,  and  the  warmer  and  lighlc.r  a.ir  is  forced  upward  from  below,  and 
its  place  supplied  by  cold  a.lr.  Tf  l.he  brick-work,  or  other  material  of 
which  the  chimney  is  constructed,  retain  its  temperature,  this  second  por- 
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tiiin  of  air  18  disposal  of  like  the.  lii'-.f,  and  (lie  ascending  current  continues, 
bo  long  as  the  siting  of  tin;  chimney  are  holler  Ihau  [hit  surrounding  air. 

Sometimes,  owing  to  sudden  changes  of  temperature  in  the  atmosphere, 
the  chimney  limy  happen  In  lie  colder  Hum  the  air  about,  it.  The  column 
within  forth  wit  1)  sutlers  ecru  million  of  vol  nine  ;  the  deficiency  is  tilled  up 
from  without,  and  ilie  column  becomes  heavier  rbnn  one  of  similar  height 
on  the  outside ;  the  result- is,  that  it  falls  oul  of  Hie  chimney,  just  as  the 
heavy  body  sinks  in  the  water,  and  lias  its  place  occupied  by  air  from 
above.  A  descending  current  is  thus  produced,  which  may  be  often  110- 
tieed  in  the  summer  season,  by  the  smoke  from  neighboring  chimneys  find- 
ing its  way  into  rooms  v.  nick  have  bee;:  foe  a  considerable  lime  without  fire. 

The  ventilation  of  mines  has  long  been  conducted  upon  Hie  some  prin- 
ciple, and  more  recently  ir  has  been  anp'.it-d  i  a  tin  el  I  in  51-  In  1  uses  and  assembly- 
rooms.  The  mine  is  furnished  with  two  shafts,  or  with  one  shaft  divided 
throughout  by  a  diaphragm  of  boards  ;  and  these  are  so  arranged,  that  air 
forced  down  the  one  shall  traverse  the  whole  extent  of  the  workings  before 
it  escapes  by  (he  oilier.  A  fire  kept  up  in  one  of  Ihese  shafts,  by  rarefy- 
ing the  air  within,  ami  rant-in  jr  an  ascending  eurrenl,  occasions  fresh  air 
to  traverse  every  part  of  the  mine,  and  sweep  before  it  the  noxious  gases 
lint  mo  frequently  present,. 

CONDUCTION   OP   HEAT. 

Different  bodies  possess  very  different  conducting  powers  with  respect 
to  heat:  if  two  similar  rods,  the  one  of  iron,  the  other  of  glass,  be  held  in 
the  flame  of  a  spirit- la  nip,  the  iron  will  soon  become  too  hot-  to  be  touched, 
while  the  glass  may  be  graspc-d  with  impjnby  wit  bin  an  inch  of  the  red- 
hot  portion. 

Experiments  made  by  si  u:i  logons  but  more  accurate  methods  have  estab- 
lished a  numerical  comparison  of  [ho  onuiluetiug  powers  of  many  bodies. 
The  following  may  he  taken  as  a  specimen: — ■ 


Silver        .         .        .  1000 

Copper           .         .  786 

Gold          .         .         .  532 

Brass     .         .        .  230 

Tin            ...  145 

Iron       ...  119 


Steel 

Platinum'   . 

German  silver 
Bismuth 


As  a  class,  the  metals  sire  by  very  far  Ihe  best  conductors,  although  much 
difference  exists  between  i  hem  ;  stones,  dense  woods,  mill  charcoal  follow 
nest  in  order:  then  liquids  in  general,  and  gases,  whoso  conducting  power 
is  almost  inappreciable. 

Under  favorable  circumstances,  nevertheless,  both  liquids  and  gases 
may  become  rapidly  healed  ,■  heat  applied  io  the  bottom  of  the  conlaining 
vessel  is  very  speedily  oommunicsiied  to  its  contents :  this,  however,  is  not 
so  much  by  conduction  sts  by  convection,  or  carrying.  A  complete  circu- 
lation is  set  up ;  the  portions  in  contact  wil  h  the  bottom  of  the  vessel  get. 
heated,  become  lighter,  and  rise  to  the  surface,  and  in  this  way  the  heat 
becomes  communicated  to  the  whole.  If  these  movements  bo  prevenled  by 
dividing  the  vessel  into  a  great  number  of  compsirimeots,  the  really  low 
conducting  power  of  the  substance  is  nno.le  evident ;  and  this  is  the  reason 
why  certain  organic  fabrics,  as  wool,  silk,  feather*,  and  porous  bodies  in 
general,  Ihe  cavities  of  which  are  ("all  of  air,  exhibit  such  feeble  powers 
of  conduction. 

The  circulation  of  heated  waier  through  pipes  is  now  extensively  applied 
to  the  warming  of  buildings  ami  conscvia.tories  ;  and  in  chemical  works  a 
Serpentine  metal  tube  containing;  tiot  oil  is  oft.cn  lined  for  healing  stills  and 
evnporating-pans:    (he  two  extremities  of  the  tube  arc  connected  with  the 
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ends  of  another  spiral  bull  into  n  small  furnace  nt  the  lower  level,  and  an 
uninteraiitUllg  circulation  of  the  liquid  dikes  place  us  long  as  heal,  is 
applied. 


Solid  bodies  when  heated  are  expanded ;  many  are  liquefied,  i.  e.,  they 
fuse.  The  fusion  of  solids  is  frequently  preceded*  by  a  gradual  softening, 
more  especially  when  [lie  temperature  approaches  the  point  of  fusion. 
This  phenomenon  is  observed  in  the  ease  of  was  or  iron.  In  the  case  of 
other  solids  — of  zinc  and  lead,  for  instance— -and  several  other  metals, 
this  softening  is  not.  observed.  Generally,  bodies  expand  during  the  pro- 
cess of  fusion  ;  an  exception  l.o  this  rule  is  water,  which  expands  during 
freezing  (10  vol.  of  water  produce  nearly  1  I  vol.  of  ice),  while  ice  when 
fusing  produces  a  proportionately  smaller  volume  ol  water.  The  expansion 
of  bodies  during  fusion.  ;mi  at  lemnera lures  preceding  fusion,  or  the  con- 
traction during  solidification  and  further  refrigeration,  is  very  unequal. 
Wax  expands  considerable  before  fusing,  and  comparnively  little  during 
fusion  itself.  Wax,  when  poured  into  moulds,  fills  ilium  perfectly  during 
solidification,  but  afterwards  contracts  considerably.  .Stearic  acid,  on  the 
contrary,  expands  very  little  before  fusion,  hut  rather  eonsiilerabiy  during 
fusion,  and  consequently  pure  stearic  acid  when  poured  iido  moulds  solidi- 
fies to  a  rough  porous  muss,  contracting  little  by  further  cooling.  The 
addition  of  a  little  wax  to  stearic  acid  prevenls  the  powerful  contraction 
in  the  moment  of  solidification,  and  renders  it.  more  fit  for  being  moulded. 

Latent  Halt  of  Fusion.  —  During  fusion  bodies  absorb  a  certain  quantity 
of  heat,  which  is  not  indicated  by  the  thermometer;  at  a  given  tempera- 
ture—  the  fusing- iui int.  for  instance  —  a  certain  weight  of  substance  con- 
tains when  solitl  less  beat  titan  when  liquid. 

If  equal  weights  of  water  at.  0"  and  water  at  7ii°  he  mixed,  the  tempera- 
ture of  the  mixture  will  he  the  mean  of  the  two  temperatures,  or  3(J'6°. 
If  the  same  experiment  In:  repeated  with  snow  or  linely-powtlered  ice  at 
0°,  and  water  at  7!,!>,  the  temperature  of  the  whole  will  lie  mdy  IP,  out  ilu: 
ice  will  havt-  been  melted. 
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In  the  last-  experiment,  'here tore,  as  much  heat  has  been  apparently  lost 
as  would  have  raised  a  quantity  of  water  equal  to  thai,  of  the  ice  through 
a  range  of  7!)°. 

The  heat,  thus  become  insensible  to  the  thermometer  in  effecting  the 
liquefaction  of  the  ice.  is  called  tut-nt  licit,  or,  better,  hatf.  of  fluidity . 

Again,  let  a  perfectly  uniform  source  of  heat  bo  imagined,  of  such 
intensity  that  a  pound  of  water  placed  over  it  would  have  its  temperature 
raised  6°  per  minute.  Starting  with  water  at.  0°,  in  rather  less  than  16 
minutes  its  temperature  would  have  risen  7'.!° ;  but  the  same  quantity  of 
ieo  at  0°,  exposed  for  the  same  interval  of  time,  would  net  have  its  tem- 
perature raised  a  single  degree,  liut,  then,  ii  would  have  become  water; 
the  heat  received  would  have  been  exclusively  employed  in  effecting  the 
change  of  state. 

This  heat  is  not  lost,  for  when  the  wales  freeies  it.  is  again  evolved.  Tf 
a  tall  jar  of  water,  covered  lo  exclude  dust,  be  placed  in  a  situation  where 
it  shall  he  quite  undisturbed,  and  at.  the  same  time  exposed  to  great  cold, 
the  temperature  of  the  water  may  be  reduced  ll)c  oi  more  below  its  freez- 
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rag-point  without  the  formation  of  ice ;  *  but  then,  if  a  little  agitation  be 
communicated  to  the  jar,  or  a  grain  of  sand  dvopped  into  the  water,  a  por- 
tion instantly  solidifies,  and  the  temperature  of  the  whole  rises  to  0";  the 
heat  disengaged  by  the  freeiing  of  a  small    portion  of  the  water  will  have 

bet  ii  sufficient  to  raise  I  ho  whoie  contents  of  the  jar  5°. 

This  curious  condition  of  instable  equilibrium  shown  by  the  very  cold 
water  in  the  preceding  experiment,  may  lie  reproduced  with  a  variety  of 
solutions  which  tend  to  crystallise  nr  solidify,  but  in  which  that  change  is 
for  a  while  suspended.  Thus,  m  solution  of"  crystallised  sodium  sulphate 
in  its  own  weight,  of  warm  water,  left-  to  cool  in  nn  open  vessel,  deposits  a 
large  quantity  of  the  ssi.li  in  crystals..  If  the  warm  solution,  however,  be 
filtered  into  a  clean  flask,  which  when  foil  is  securely  corked  and  set  aside 
to  cool  undisturbed,  no  crystals  will  be  deposited,  even   after  many  days, 

until  ilic  cork  is  withdrawn  and  the  ci     '  

Crystallization  then  rapidly  takes  y. 
the  whole   become-  |iorce|itibly  warm. 

The  law  thus  illustrated  in  the  case  of  water  is  perfectly  general. 
Whenever  a  solid  becomes  a  liquid,  a  ooi-taiii  lived  and  definite  amount  of 
heat  disappears,  or  becomes  latent ;  ami  conversely,  whenever  a  liquid  be- 
comes a  solid,  heat  tu  a  corrospi.ndina  extent  is  given  out. 

The  following  table  exhibits  the  mellniii  points  of  several  sub  stances, 
and  their  latent  heats  of  fusion  expressed  in  gram-degrees  —  that  is  to 
sa.y,  the  numbers  in  the  column  headed  "  latent  heat :'  denote  the  number 
of  grams  of  water  the  tempera!  lire  of  which  would  be  raised  1°  Centigrade 
by  the  quantity  of  heat  required  to  fuse  one  grain  of  [he  several  solids;  — 


Substance. 

Mulling 

llent. 

■„u_ 

([.-Uinj. 

';;:;;r 

Mercury  . 
Phosphorus 

Sulphur  .      . 
Iodine      .     . 
Bismuth  .     . 

—SO0 

832 
HE 
107 
270 
820 

2X2 
5-0 
6-4 
01 
11-7 
12-8 
13-6 

Tin 

Silver 

Calcium  chloride  ) 

{CaCla   fiH'O)       /      ■ 
1'ei.issiurii  nitrate  .      . 
Sodium  nitrate       ,      , 

235° 
1000 
438 
28-5 
3S9 
310-5 

14-25 
21-1 
28-1 
407 
47-4 
63-0 

■i  solid  substance  can  be  made  lo  liisuol'y  l;y  a  weak  chemical 
l,  cold  results,  from  sensible  heat,  becoming  inient.  This  is  the 
principle  of  the  many  f'ri;;orihe  mixtures  to  lie  found  described  in  some  of 
the  older  chemical  treatises.  When  snow  or  powdered  ice  is  mixed  with 
common  salt.,  and  a  thermometer  plunged  into  the  mass,  the  mercury  sinks 
to  — 17-7°C.  (0°  F.),  while  the  whole  ail  or  a-  .short,  lime  becomes  fluid' by  the 
attraction  between  the  water  and  the  salt;  such  a.  mixture  is  very  often 
used  in  chemical  experiments  to  cool  receivers  ami  condense  the  vapors 
of  volatile  liquids,  l.'owdercd  crysiolli/ed  calcium  chloride  and  snow  pro- 
duce cold  enough  to  freeze  mercury.      Even   powdered  potassium  nitrate, 
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very  notable  deprcs-iuu  of  temperature  :    1:1  every  east',  in  short,  in  which 
solution  ia  unaccompanied  by  c iiorgeiic  ebcinii.-nl  in; lieu,  cold  is  produced. 

!No  relation  isau  be  traced  between  the  actual  mulTinsr-poiiit  of  a  sub- 
stance, and  its  Intent  heat,  when  in  the  fused  state. 

Latent  Heat  of  Vaporization.- — A  law  of  exactly  the  same  kind  as  that 
(.Inscribed  affects  universally  the  l':i.ji:iiii!  condition  ;  change  of  state  from 
solid  or  liquid  to  gas  is  accompanied  by  absorption  of  sensible  heat,  and 
the  reverse  by  its  disengagement.  Tbe  latent,  heal  of  steam  and  other 
vapors  may  be  ascertained  by  a  mode  of  investigation  similar  to  that 
employed  in  tlie  case  of  water. 

When  wnlev  at-  03  is  mixed  with  an  equal  weight  el'  witter  at  ICO'-,  the  whole 
is  t'outid  to  possess  the  mean  of  the  two  temperatures,  or  50°;  on  the  other 
hand,  1  part  by  weight,  of  */™./«  at.  Ui()°,  when  condensed  in  cold  wafer,  is 
found  to  be  capable  of  raisins  5-4  pari-  of  ibo  hitter  from  the  freezing  to 
the  boiling-point,  or  through  a  range  of  100°.  Now  100  X  5-4=510°;  that 
is  to  say,  steam  at.  10!)".  in  becoming  water  at  100°,  parts  with  enough 
■■-a  weight,  of    water  equal"  to  its  own  (if  il  were  possild.;,   ■■  !'','. 


of  the  thermometer.      When  11 
sensible  heat  becomes  latent. 

The  -i  itncrs  el'  oilier  liquids  sei 
water.  Tbe  following  tabic  is  b 
i'iuslrule  this  point,  '['he  latent  1 
in  grain-degrees: 


1,  the 


.c  quantity  of 


Vapor  of  v. 


alcohol 
ether 


to  bave  less  latent  heat  than  that  of 
Dr.  Th.  Andrews,  and  serves  well  to 
ats  are  expressed,  as  in  the  last  table, 

.   jV!.V!)0° 
202 -JO 


"        oxalic  ether     . 

"  Blhylin  iodide 

•'  LyroiyllO  spirit  , 

"  carbon  bisulphide 

"  tin  tii  1  -.i  li.ovide 

"  bromine    . 

'•  oil  of  turpentine  ,         .         .         .     74-03 

Ebullition  is  occasioned  by  the  formation  of  bubble.*  of  vapor  within  the 
body  of  tbe  evaporating  liquid,  « liicli  rise  to  the  surface  like  bubbles  of 
permanent  gas.  This  occurs  in  different  liquids  at.  very  different  tempera- 
tures. Under  the  same  eiriiii]us[iiuees:  the  boiling-point  is  quite  constant, 
and  often  becomes  a.  physical  character  of  great,  import  ante  in  distinguish- 
ing liquids  which  much  resemble  each  other,  A  few  cases  may  be  cited 
in  illustration : 


Carbon  bisulphide 

Alcohol 

"Water    . 

Nitric  acid,  strong 

Oil  of  turpentine 

Sulphuric  acid  . 

Mercury 
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sure  upon  its  surface  :    hence  the  extent  to  which  rho  boiling-point  inay  be 
modified. 

Water,  under-  Hie  usual  pressure  of  the  atmosphere,  Ixiils  at  jOO" 
{212°  P.):  in  a  partially  exhausted  receive*  or  on  a  mountain- top  it  boils 
at  a  much  lower  temperature:  ami  in  the  best  vacuum  of  an  excellent  air- 
pump,  over  oil  of  vitriol,  which  absorbs  the  vapor,  it  will  often  enter  into 
violent.  ybu.Uii.iou  while  icy  is  in  the  act  of  forming  upon  the  surface. 

On  the  other  hand,  v.jI.iji-  confined  in  a  very  strong  metallic  vessel  may 
be  restrained  from  boiling  hy  the  pressure  of  its  own  vapor  to  an  almost 
unlimited  extent:  a  temperature  of  177°  or  i?04°  is  very  easily  obtained ; 
and,  in  fact,  it  is  said  that  it.  may  be  made  rcd-hur,  and  yet  retain  its 
fluidity. 

There  is  a  very  simple  and  beautiful  oxpevimen!  illustrative  of  the  effect 

of   diminished   pressure   in    depressing    the   boiling-point    of  a  liquid.     A 

Fin  38.         tittle  water  is   made  to   boil  for  a  few  minutes   in  a  flask  or 

retort  placed  over  a  lamp,  until  the  air  has  been  chased  out, 

and  the  steam  issues  freely  from  (he  neck.      A  tightly  fitting 

cork  is  then  inserted,    and    the    lamp   at.  the  same  moment 

'    withdrawn.      When  tbe  ^1'n'l iti ■■n  ceases,  it  may  he  renewed 

at  pleasure  for  a  considerable  time  by  the  allusion  of  cold 

er,  which,  by  condensing   the  vapor  within,  occasions  a 

■e  of  the  vessel,  or,  rather,  the  state  of  its  surface, 
n  influence  upon  the  boiling-point,  and  this  to  a 
much  greater  extent,  than  was  formerly  supposed.  It  has 
long  been  noticed  that  in  a  metallic  vessel  water  boils,  under 
the  same  circumstances  of  pressure,  at  a  t  err.]- era  tun-  one  or  two  degrees 
below  that  at.  which  ebullition  take-  place  in  glass;  but  if  lias  lately  been 
shown*  that  by  particular  ma  uageniont  a  much  greater  difference  can  be 
observed.  If  two  similar  glass  flasks  be  taken,  the  one  coated  in  the  in- 
side with  a  tilm  of  shellac  and  the  other  completely  cleansed  by  hot-  sul- 
phuric acul.  wa.te.r  healed  over  a  lamp  in  the  first,  will  boil  at  Wi ■■['-',  while 
in  the  second  it  will  often  rise  to  Hfo1-  or  even  higher;  a  momentary  burst 
of  vapor  then  ensues,  and  (he  therm  o  meter  sinks  a  few  degrees,  after  which 
it  rises  again.  In  this  stale,  the  introduction  of  a  few  metallic  filings,  or 
angular  fragments  of  any  hind,  occasions  a  lively  disengagement  of  vapor, 
while  the  leniporatiire  sinks  to  IWP,  and  there  remains  stationary.  These 
remarkable  effects  must,  be  attributed  to  an  attraction,  between  the  surface 
of  the  vessel  ami  the  liquid. 

When  out  of  contact  with  solid  bodies,  liquids,  not  only  solidify  with  re- 
luctance, but  also  assume  (be  gaseous  condition  with  greater  difficulty. 
Drops  of  water  or  of  aqueous  saline  solutions  floating  on  the  contoct- 
surl'acc  of  two  liquids,  of  which  cue  is  heavier  ami  (be  oilier  lighter,  may 
be  heated  from  10  to  20  degrees  above  the  ordinary  boiling-point;  explo- 
sive ebullition,  however,  is  instantaneously  induced  by  contact  with  a  solid 

A  cubic  inch  of  water  in  becoming  steam  under  the  ordinary  pressuro 
of   the  atmosphere   expands    into    llVJfi    cubic    inches,    or   nearly   a    cubic 

Steam,  not  in  ami <!*■■'■  »"th  vnicr,  is  alVeeied  by  heal  in  the  same  manner 
as  the  permanent  gases  ;  its  rate  of  expansion  a.ud  increase  uf  elastic  force 
are  practically  the  same.  When  water  is  present.,  the  rise  of  temperature 
increases  the  quantity  ami  density  uf  the  si  cam,  and  hence  the  elastic  force 
increases  in  a  far  more  raoid  proportion. 

This  elastic  force  of  steam  in  contact  with  water,  al   different  tempera- 
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(uvea,  has  been  very  eiive'.'ii'.'.y  'telei-mined  by  Ar:t;i;o  titid  Dulung,  mid  lately 
tiy  Ma^mis  :i.!ul  Keiiiianft.  The  force  is  espVLvKijii  in  nniHixuhere;;:  tin;  nU- 
solate  pressure  upon  nuy  given  surface  can  1m;  cusdly  calculated,  allowing 
14-0  lb  per  square  inch  so  eaeli  iiduosi'licre.  Tiie  i'x|n;vimcnis  were  carried 
to  twenty-live  atmospheres;  at  which  point  the  (liiuci.ilties  and  danger 
became  so  great  as  lo  put  a  slop  to  the  inquiry:  the  rest  of  tliu  table  ia 
the  result  ol"  calculations-  r'utiinle-.l  im  tin;  data  su  obtained: 


Com 


ending 


135° 

140-5 

14-5-5 


16        . 

It  is  very  interesting  to  know  the  amount  of  beat  requisite  to  eonveri 
water  of  any  given  temperature  into  sieatn  of  the  same  or  another  given 
temperature.  'J'be  uni-st  osaet.  CKTji'i-iiue'iitH  on  ibLs  subject,  liuvo  been  niiiiii! 
by  Regnnult.  lit;  arrived  ui  this  result,  that-  when  l.lie  unit -weight  of  steam 
at  the  temperature  ("  is  converted  into  vmnr  of  the  same  temperature,  and 
then  cooled  to  0°,  it  gives  out  the  quantity  isf  heat  '/;  which  is  represented 
by  the  formula: 

T  =  606  ■  5  +  0  ■  305  t. 

Thin  :"it-:;:iila  appears  lo  h'dd  good  for  tciiip'-raoui-es  uliovo  and  below  tins 
ordinary  boiling-point  of  water.  The  following  (able  gives  the  values  of 
T,  corresponding  io  tin;  ri-spL-ciive  temperature;  in  the  first  columns: 


T  is  called  the  In  tul  iifiit.  of  steam,  being  the  heal  required  to  raise  water 
from  0°  to  /,  together  with  i  Sun.  which  becomes  latent  by  (he  transformation 
of  water  of  t into  s tea m  at  !.  Itcgiiaul!  stales,  as  a  result,  of  some  very  deli- 
eate  espertmeiils,  thai  tlie  bent  necessary  to  raise  a,  unit-weight  of  water 
from  0°  to  t is  not,  e  xjictly  lienoieo:  by  i ,'  tin;  ibsio-oicinoy,  however,  is  so 
small  that  it  may  be  disregarded.      Kmploying  the  approximate  value,  the 
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latent  heal  nf  steam,  L,  at  any  temperature  will  be  found  by  subtracting  ! 
from  I  ho  total  heal;  ur,  according  Ui  Uie  formula: 
L  =  6065— 0-695  t 
This  equation  shows  us  the  remarkable  fact-  that  the  latent-  bent,  of  steam 
diminishes  as  (lie  temperature-  risen.  ]>ofore  ftegnanlt.'s  experiments  were 
made,  two  lows  of  great  simplicity  were  generally  admitted,  one  of  wbioh, 
however,- contradic  red  (he  other,  Watt,  concluded,  lVom  experiments  of  his 
own,  as  well  as  from  (heoroiical  spoeula.t-ioiis,  that,  t.lie  l.ot.al  heat  of  steam 
would  be  the  same,  at  all  temperatures.  Were  this  true,  equal  weights  of 
steam  passed  into  cold  water  would  always  csliiliii.  the  same  heating  power, 
no  matter  what  the  temperature  of  the  steam  might  be.  Exactly  the  same 
absolute  amount  of  heat,  and  consequently  tlio  same  quantity  of  fuel,  would 
be  required  to  evaporate  a  given  weight  of  water  in  rucito  at  a  temperature 
which  the  hand  can  boar,  or  under  groat  pressure,  and  at-  a  high  tempera- 
ture. Watt's  Law,  though  agreeing  well  with  the  rough  praetieal  results 
obtained  by  engineers,  is  only  approximately  true;  and  the  same  may  be 
said  of  the  deductions  which  have  just  been  made  from  it.  The  Second  law, 
in  opposition  to  Win  t's,  is  that,  of  ciout.liecn.  staring  the  latent  heat  of  steam 
to  be  the  same  at.  alt  temperatures.,  lit^n  a  tilt's  researches  have  shown 
that  neither  Watt's  law  [T  constitut),  nor  Southern's  law  (L  constant)  is 
correct. 

The  economical  applications  of  steam  are  numerous  and  extremely  valu- 
able: they  may  lie  divided  into  two  classes:  those  in  which  Hie  healing 
power  is  employed,  and  those  in  which  its  elastic  force  is  brought  into  use. 
The  value  of  steam  as  a  source  of  heat  depends  upon  the  facility  with 
which  it  may  be  conveyed  to  distant  points,  ami  upon  the  large  amount  of 
latent  heat  it  contains,  which  is  disengaged  in  the  act  of  condensation.  An 
invariable  temperature  of  100°,  or  higher,  may  ho  kept  up  in  the  pipes  or 
other  vessels  in  which  the  steam  is  contained  by  the  expenditure  of  a  very 
small  quantity  of  the  latter.  Steam-baths  of  various  forms  are  used  in  the 
arts  with  great  convenience,  and  also  by  the  scientific  chemist  for  drying 
filters  and  other  objects  where  excessive  heat  would  be  hurtful:  a  very 
good  instrument-  of  Ihe  kind  was  contrived  by  Mr.  liverit.t.  It  is  merely  a 
small  kettle  (fig.  37),  surmounted  by  a  double  box  or  jacket,  into  which 
the  substance  to  be  dried  is  put.  and  loosely  covered  by  a  card.  The  appa- 
ratus is  placed  over  a  lamp,  and  may  In:  left  without  atteuliou  for  many 
hours.  A  little  hole  in  trie  side  of  the  jacket,  gi\  es  vent  to  the  excess  of 
steam. 

The  principle  of  the  stemn-ongiue  may  be  described  in  a  few  words:   its 
mechanical  details  do  not  belong  to  the  design  of  the  present  volume.      The 
machine  eonsisis  essentially  of  a  cylinder  or  metal 
Fia.Si.  a  (fig.  lib),   in   which   a  closely  lining  solid   piston 

works,  the  rod  of  which  passes,  air-lijiht,  through 
a  stuffing-box  at  the  top  of  the  cylinder,  and  is 
connected  with  the  machinery  to  be  put  in  motion, 
directly,  or  by  the  intervention  of  an  oscillating 
beam.  A  pipe  communicates  with  the  interior  of 
the  cylinder,  and  also  with  a  vessel  surrounded 
with  cold  water,  called  the  comic  user  h,  into  which 
a  jet  of  cold  water  can  at  pleasure  be  introduced. 
A  sliding-valve  arrangement,  shown  at  c,  serves  to 
open  a  communication  between  the  boiler  and  the 
cylinder,  and  between  the  cylinder  and  the  con- 
denser in  such  a  manner  that,  while  the  steam  is 
allowed  to  press  with  all  its  force  upon  ono  side  of  the  piston,  the  other, 
open,  to  the  condenser,  is  necessarily  vacuous.      The  valve  is  shifted  by  the 
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online  ilsclf  :i!  [In.!  [li-tjpui-  moment,  so  that  tl 
I)  j  the  steam  ii]  i  otid  down  against  a.  vacuum. 
in  the  engraving,  is  connected  with  tho 
condenser,  and  serves  to  remove  any  air 
thai,  may  enter  the  cylinder,  and  also  The 
water  iirodueed  by  cuiidensaiioii,  lordlier 
with  that  which  may  have  been  injected. 

Such  is  the  vacuum  or  condensing  steam- 
engine.  In  what  is  called  the  high-pres- 
sure engine,  the  condenser  and  air-pump 
are  suppressed,  and  the  steam  is  allowed 
to  escape  at  once  from  the  cylinder  into 
the.  atmosphere.  It  is  obvious  that  in  this 
arrangement  the  steam  has  to  overcome 
the  whole  pressure  of  the  air,  and  a  much 
greater  elastic  force  is  required  to  produce 
the  same  effect;  but  this  is  to  a  very  great 
extent  compensated  by  the  absence  of  the 
air-pump  and  the  increased  simplicity  of 
the  whole  machine.  Large  engine?,  both 
on  shore  and  in  steamships,  are  usually 
constructed  on  the  condensing  principle, 
the  pressure  seldom  exceeding  six  or  seven 
pounds  per  square  inch  above  that  of  the 
atmosphere;  for  small  engines  the  high- 
pressure  plan  is,  perhaps,  preferable. 
Locomotive  engines  are  of  this  kind. 

A  peculiar    modification    of    the    steam- 
engine,  employed  in  Cornwall,  for  draining 
the  deep  mines  of  that  country,  is  now  get- 
ting into  use  elsewhere  for  oilier  purposes.         -■=■-       ■.;!_-= — -="=!r~ 
In  [.his  machine,  economy  of  fuel  is  carriod 

to  a  most  extraordinary  e\iout,  engines  having  been  known  to  perform  the 
duty  of  raising  more  than  100,000,000  lbs.  of  water  one  foot  high  by  the  con- 
sumption of  a  single  bushel  of  coals.  The.  engines  ere  single-acting,  the  down- 
stroke,  which  is  made  against  a  vacuum,  being  the  effective  one,  and  em- 
ployed to  lift  the  cuimuous  .weight  of  (lie  pump-rods  Ui  the  shaft  of  the 
mine.  When  the  piston  reaches  the.  h.jttom.  the  communication  both  with 
the  boiler  and  the  condenser  is  cut  off,  wir.lo  an  entiiiilirhnn-valve  is  opened 
connecting  the  upper  and  lower  extremities  of  (lie  cylinder,  whereupon 
the  weight  of  the  pump-rods  draws  the  uision  to  the  lop  and  makes  the 
up-stroke.  l'he  engine  is  worked  e/piiiini\:eh/,  as  it  is  termed,  steam  of 
high  tension  being  employed,  which  is  cut  oil'  at  one-eighth  or  even'  one- 
tenth  of  the  stroke. 

The  process  of  distillation,  which  may  now  be  noticed,  is  very  simple: 
iis  object  is  either  to  separate  substance-:  which  rise  in  vapor  al  diU'crcat 
temperatures,  or  lo  part  a  volatile  liquid  from  a  substance  incapable  uf 
volatilization.  The  siuue  process  a.ppliod  to  bodies  which  pass  directly 
from  the  solid  to  the  i;a  scons  condition,  and  the  reverse,  is  called  stililiintttinn. 
Every  distillatory  apri  lira  ins  consists  essoin. hilly  of  a  boiler,  in  which  the 
vapor  is  raised,  and  of  it  condenser,  in  which  it,  returns  to  the  liquid  or 
solid  condition.  In  the  still  employed  for  manufacturing  purposes,  the 
latter  is  usually  a  spiral  metal  lube  immersed  in  a  tub  of  water.  The 
common  retort,  and  receiver  constitute  the  simplest  acrangement  for  distil- 
lation on  the  small  scale:  Hie  retort  is  henled  by  a  gas  lump,  and  the  re- 
ceiver is  kepi  cool,  if  necessary,  by  a  wet  cloth,  or  it.  may  he  surrounded 
With  ice.     (Fig.  39.) 
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■V"  iTiff.  -li'l':  is  :i  vnry  vi^liialdo  iri>: rr.nu'nt  in  t.hn  lubfira- 
a  glass  tube  tapering  from  end  to   end,  fixed  by  per- 


IVirnlcd  corlis  in  (ho  centre  of  the 
Viingcd  that  ii  current,  of  colli  wat. 
By  putting  ice  into  the  little  i 
extremely  volatile  liquids  oondei 


idfitl  with  tubes  so  ar- 
lliv.iu^h  vhi'  apparatus, 
may  In;  kept  at  0°,  and 


Liquids  evaporate  fit-  temp  erasures  below  their  boiling-points:  in  this 
case  the  evaporation  takes  nhice  slowly  from  the  surface.  Water,  or  alco- 
hol, exposed  in  an  open  vessel,  at.  tin:  t.oniperal  me  of  the  air,  gradually 
disappears  :   1  in:  n:i)re  rapidly,  the  miraiiT  and  drisr  the  air. 

This  fact  was  formerly  explained  by  supposing  thai  air  and  gases  in 
general  had  the  power  of  dissolving  anil  holding  in  solution  certain  quan- 


il  hvlViiir^i'l,  the 


,y  Google 


ty  be  imputed  to   the  vapor 
nto  the  vacuum; 
ty  of  the  aqueot; 


tities  of  liquids,  and  that  this  power  increased  '.villi  the  temperature:   such 

If  a  barometer- tub.p  1m  carefully  filled  ivir.li  mercury  ami  inverted  in  (he 
usual  maimer,  and  I  hen  a  lew  drops  of  water  passed  up  the  tube  into  the 
vacuum  above,  a  very  remarkable  effect  will  lie  nbservci.l;  — the  mercury 
will  be  depressed  to  a  small  extent,  and  this  depression  will  increase  with 
increase  of  temperature.  Now,  as  Hie  space  above  the  mercury  is  void 
of  air,  and  the  weight  of  tin)  few  drops  of  water  quite  inadequate  to  ac- 
count for  this  depression,  it.  must  of  nece"  " 
which  iasiaiitanenusly  rises  from  r.lie  wal.ei 
and  that  this  ottcvt  is  really  ■  1 1 1 1.  ■  to  the  elasti 
vapor,  is  easily  proved  by  exposing  the  barometer  to  a  heat  of 
100°  C.  (212°  1'.],  when  the  depression  of  the  mercury  will  bo 
complete,  and  it  will  stand  ul  the  same  level  within  and  with- 
out the  tube  ;  indicating  thai,  at  that  temperature  the  elasticity 
of  the  vapor  is  equal  to  thai  of  the  atmosphere  —  a  fact  which 
the  phenomenon  of  enul\itiu!i  has  already  shown. 

liy  placing  over  tin!  burou'ieier  a  wide  open  tube  dipping 
into  the  mercury  below,  and  (hen  filling  Ibis  tube  with  water 
at  different  temperatures,  the  tension  of  the  aqueous  vapor 
for  each  degree  of  the  thermometer  may  be  accurately  deter- 
mined by  its  depressing  ell'eel.  upon  rhe  mercurial  column; 
the  same  power  whieh  forces  the  latter  r/nicit  one  inch,  against. 
the  pressure  of  the  atmosphere,  would  of  course  dtvute  a 
column  of  mercury  to  the  same  height  against  the  vacuum,  .and 
in  this  way  the  tension  may  be  conveniently  expressed.  The 
following  table  wa.s  drawn  up  by  Dalt.on,  to  whom  we  owe  the 
method  of  investigation: 

Temperature.       Tension  In  i 


0-624 
0-721 

|.|l.;'i 


Anolmtr  laiile  representing  the  tension  of  the  vapor  of 
by  Itegmult,  is  given     '  '" 


t  the  end  of  the  work. 


"Other  liquids  tried  in  this  manner  are  found  to  e.mii  vapors  of  greater  or 

less  tension,  for  the  same  temperature,  according  to  their  different  degrees 
of  volatility:  thus,  a  little  ether  introduced  into  the  tube  deprosses  the 
mercury  10  inches  or  more  at  the  ordinary  temperature  of  the  air;  oil  of 
vitriol,  on  the  other  hand,  does  not  emit  any  sensible  quantity  of  vapor 
until  a  much  greater  'neat  if.  applied;  and  that  given  oil  by  mercury  itself 
in  warm  summer  weather,  although  it  may  be  detected  by  very  delicate 
means,  is  far  too  little  to  exercise  any  effect  upon  the  barometer.  In  the 
case  of  water,  the  evapoiMi  ion  is  .piite  distinct  ami  perceptible  at  the  lowest- 
temperatures,  when  I'niBsii  to  solid  ice  in  the  barometer-tube ;  snow  on  the 
ground,  or  on  a  house-top,  may  often  he  noticed  to  vanish,  from  the  same 
cause,  day  by  day  in  the  depth  of  winter,  when  melting  is  impossible. 

There  exists  for  each  vapor  a  slate  of  density  which  it  cannot  pass  with- 
out losing  its  ayts,'ous  eoiiditlon,  and  betoiuLiiij  liquid;   (his  point  is  called 
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the  condition  of  maximum  density.  When  a  volatile  liquid  is  introduced 
in  sufficient  quantity  int.o  n  vacuum,  this  oondition  is  always  reached,  and 
then  evaporation  ceases.      Aiiy  .-i ; i.:'jn pi  to  increase  tin:  density  of  this  vapor 

by  compressing  it.  into  a  small ei'  space  will  be  attended  by  the  liquefaution 
of  a,  portion,  the  density  of  the  remainder  being  unchanged.  If  it  little 
ether  be  introduced  iru.o  a  ban.mieler,  and  the.  lalier  slowly  sunk  into  a 
of  mercury  (fig.  42),  it  will  be  found  that  the  height  of 
ercury  in  the  tube  nljcive  that,  in  Die  cistern  remains  un- 
altered until  Die  upper  e*ircuiily  of  the  lia.ro meter  ap- 
proaches the  surface  of  Die  metal  in  the  column  and  till 
the  ether  has  lieenme  liquid.  It-  will  be  observed  ai*o, 
that,  as  the  lube  sinks,  the  stratum  of  liquid  ether  in- 
creases hi  thickness,  but  no  increase  of  elastic  force  oc- 
curs in  the  vapor  above  it,  and,  consequently,  no  increase 
of  density;  for  tension  and  density  a.re  always,  under 
ordinary  circumstances  at  least,  direelly  proportionate  to 

Tito  point  of  linisinusm  deusily  of  y;i[:»i-  is  i.le^cuilenr 
upon  the  temperature;  it  increases  rapidly  as  the  tem- 
perature rises.  This  is  wcil  shown  in  the  case  of  Kalcr. 
Thus,  taking  the  spec.  grav.  of  atmospheric  air  at  100° 
—  1000,  that,  of  aqueous  vapor  in  iis  greatest  stale  of 
compression  for  the  temperature  will  be  as  follows; 

lWiiiTiiliire.  Sriiiific  yiMYlty.  «"cisti(  ef  100  ciil.ii: 

5-690         .  0-j;if)  fniiis. 
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46-600 
ITO'293 
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The  last  number  was  experimentally  IV.urid  by  Gny- 
Lussac;.  the  others  are  calculated  from  that  by  the  aid  of 
Ualloms  table  of  tensions,  on  the  assuinpiiou  that,  steam, 
not  in  a  stale  of  saturation,  (hat  is,  below  the  point  of 

Jreatest  density,  obeys  the  laws  of  Mariol.te  (which  is, 
owever,  oiily  appruximaruly  Irue),  and  that  when  it  is 
cooled  it  contracts  like  the  pernuiueiit.  gases. 

Thus,  there  are  two  distinct  methods  by  which  a  vapor 
may  he  reduced  to  the  liquid  form  — /-jwMri?,  by  causing 
increase  of  density  until   the   point  of    maximum  density 
for  a  given  temperature   is    reached;   and    i/old,  by  whicii 
the  point   of    maximum   'lensily    is    itself   lowered.      The 
most  powerful  effects  are  produced  when  both  are  con- 
joined. 
For  example,  if  100  cubic  inches  of  vapor  of  water   at    100°  F.,  hi  the 
state  above  described,  had  its  t.cniucralure.  reduced  to  t>0°  F.,  not  less  than 
0-89*  grain  of  liquid   water   would  nece-saialy   separate,  or  very  nearly 
eight-tenths  of  the  whole. 

Evaporation  into  a  space  tilled  with  air  ur  gas  follows  the  same  law  as 
evaporation  into  a  vacuum,'  as  much  vapor  arises,  and  the  condition  of 
maximum  density  is  assumed  in  Die  same  manner,  as  if  the  space  were 
perfectly  empty;   the  sole   difference  lies  in   the  length  of  time-  required. 


•  v,     -::i',^   'I-' 
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When.  a  liquid  evaporates  inlo  a  vacuum.  i.he  point  of  greatest  density  ia 
attained  at  once,  while  in  the  other  case,  some  lime  elapses  before  this 
happens:  the  particle?  of  air  appear  lo  oppose  a  Hurt,  of  mechanical  resist- 
ance to  the  rise   of  the  vapor.      The   ub.imaic   ctfeel    is,  however,  precisely 

When  to  a  quantity  ul'  perfectly  dry  gas  confined  in  a  vessel  closed  by 

mercury  a  little  water  is  aiiiioi.l,  (hi:  ls.no  i-  i ediaiely  begins  to  evaporate, 

and  after  some  time  as  much  va.por  v.- ill  l.c  found  to  have  risen  from  it  as 
if  no  gas  had  been  present,  the  quantity  depending  entirely  on  the  tempera- 
ture to  which  the  whole  is  subjected.  The  tension  of  this  vapor  will  add 
itself  to  that  of  the  pis.  ami  produce  an  cqai.usiau  of  volume,  which  will  be 
indicated  by  an  alieral  inn  of  Level  in  the  mercury. 

Vapor  of  water  exists  in  the  atmosphere  at  ail  time*  and  in  all  sit  Liaisons. 
and  there  plays  a  mas',  important,  part  in  i  he  economy  of  nature.  The  pro- 
portion of  aqueous  va.por  present  in  the  air  is  subject  to  great  variation, 
and  it  often  becomes  important  lo  determine  its  quanthy.  This  is  easily 
done  by  the  aid  of  the  foregoing  principles. 

Dew-Paint.  —  If  the  aqueous  vapor  he  in  Us  condition  of  greatest  possible 
density  for  the  temperature,  or,  lis  it.  is  frequently,  tint  most  incorrectly, 
expressed,  the  air  lie  saturated  with  vapor  of  water,  the  slightest  reduction 
of  temperature  will  cause  (lie  deposiliou  of  a  portion  in  the  liquid  form. 
If,  on  the  contrary,  as  is  almost  always  in  reality  the  ease,  the  vapor  of 
water  bo  below  its  state  of  maximum  density,  thai,  is,  in  an  expanded  con- 
dition, it  is  clear  that  a  considerable  fall  of  tempeiauurc  may  occur  before 
liquefaction  commences.  The  degree  at.  which  I  Ids  lakes  place  is  called  the 
dew-point,  and  it  is  determined  with  great  facility  hy  a  very  simple  method. 
A  little  cup  of  thin  tin  plate  or  silver,  well  polished,  is  filled  with  water  at 
the  tomperature  of  .the  air,  and  a  delicale  i  liermoniete)'  inserted.  The 
water  is  then  cooled  by  drooping  ia  fragments  of  ice.  or  dissolving  in  it 
powdered  sal-ammonia/;,  until  moisture  begins  to  make  its  appearance  on  the 
"inside,  dimming  the  bright  melalSic  surface.  The  i  ompiuaii  ore  of  the  dew- 
jioiii!  is  then  read  oil  upan  the  thet'momet.or,  ami  compared  with  thai  of 
the  air. 

Suppose,  by  way  of  example,  thai  the  latter  ware  70"  .P.,  and  the  dew- 
point  SIP  F.,  the  elasticity  of  the  watery  vapor  present  would  correspond 
to  a  maximum  dem-ily  proper  to  50c  P.,  and  would  support  a  column  of 
mercury  0-375  inch  high.  If  the  barometer  on  the  spot  stood  at  30  inches, 
therefore,  29-825  inches  would  be  supported  by  (he  pressure  of  the  dry  air, 
and  the  remaining  OaSTo  mob  by  I  he  vapor.  Xow  a  cubic  foot  of  such  a 
mixture  must  be  looked  upon  us  made  up  of  a  cubic  foot  of  dry  air,  and  a 
cubic  foot  of  watery  vapor,  occupying  i  he  same  space,  ami  having  tensions 
indicated  by  the  numbers  just  mentioned.  A  cubic  foot,  or  1728  cubic 
inches  of  vapor,  at.  70°  .[■'.,  would  become  reduced  by  contraction,  according 
to  the  usual  law,  to  liiii^S  cubic  inches  at  n0°  P. ;  this  vapor  would  be  at  its 
maximum  density,  having  the  specific  gv:i  vity  pointed  out  in  the  table; 
hence  1662-8  cubic  indies  would  weigh  4-1 1  grains.  The  weight  of  the 
aqueous  vapor  contained  in  a  cubic  font  of  air  will  thus  he  ascertained.  In 
this  country  the  difference  be'  ween  I  lie  1cm  pern  iure  of  the  air  and  the  dew- 
point  seldom,  reaches  8l"rJ  V.  \\M\"  0.)  degrees ;  but  in  the  Deccan,  with  a 
temperature  of  90°  V.  r,Yl-l"  <■'..),  the  dew-point  sinks  as  low  as  29°  P.,  mak- 
ing the  degrees  of  dryness  01°  F.* 

Another  method  ol  iinJing  the  proportion  of  moisdirn  present  in  the  air 
is  to  observe  the  ia  piiliiv  of  evaporation,  which  is  uiwuys  in  some  relation 
to  the  degree  of  dryness.  The  bulb  of  a.  tliei-memcier  is  covered  with  mus- 
lin, and  Inept  wet  v,ii  k  wafer  :  evaporation  produce*  cold,  as  will  presently  be 
seen,  and   accordingly  iile   theriiu lev   soon    sinbs  below  the  actual  tcm- 
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pcrature  of  the  air.     When  it.  curries  to  rest,  the  degree  is  noticed,  and  from 
a  comparison  of  the  two  temperatures  an  approximation  to  (lie  dew-point 

!.....  ,,  can  be  obtained  by  the  aid  of  a  mathematical  loi inula  con- 
trived for  ihe  purpose.  This  is  calied  lire  wet.- bulb  hygroni- 
eter:  it  is  often  made  ir.  [.lie  iiiiumfv  shown  in  fig.  43,  where 
one  thermumcler  serves  to  indicate  I  lie  temperature  of  the  air. 
Find  the  other  to  show  tire  rate  of  evaporation,  being  kept  wet 
by  the  thread  dipping  in  the  water  reservoir. 

LiquefricRiin  of  (J uses.  —  The  ported  resemblance  in  every 
respect  which  vapors  bear  lo  permanent  gases,  led,  very 
naturally,  to  the  idea  that  itie  latter  might,  by  the  application 
of  suitable  means,  be  made  to  assume,  ilie  liquid  condition,  and 
this  surmise  was,  in  the  hands  of  Mr.  Faraday,  to  a  great  ex- 
tent verified.  Out  of  the  small  number  of  such  substances 
tried,  not  less  than  eight,  pave  way:  and  it  is  quite  fair  to 
infer  that,  had  means  of  suttieiem  power  been  at  hand,  the; 
rest  would  have  shared  the  same  fule,  ami  pi  oved  to  be  nothing 
more  than  the  vapors  of  volatile  liquids  in  a  state  very  far  re- 
moved from  that  of  their  maximum  density.  The  subjoined 
table  represents  the  results  of  Mr.  Faraday's  first  investiga- 
tions, with  the  pressure  in  atmospheres,  and  the  temperatures 
at.  which  ihe  com.lensa.tion  takes  place.* 


Sulphur  dioxide         .  .  2  .  .  .        7-2°  45° 

Hydrogen  sulphide       .  .      17      ...  10  50 

Carbon  dioxide  ..  36  ...        0  82 

Chlorine       .         .        .  .       i     .         .         .  155  CO 

Nitrogen  monoxide  ..  BO         ...        7-2  45 

Cyanogen     ,         .         .  .3-0        ■  .         .  "   7-2  45 

Ammonia  ...  6-5      ...  10  50. 

Hydrochloric  acid         .  .     40     ...  10  50 

The  method  of  proceeding  was  very  simple:   the  materials  were  Sealed 
up  in  a  strong,  narrow  lube,  together  with  a  little  pressure-gauge,  consist- 
ing of  a  slender   tube,  closed  at-  one  end,  and   having  within  it,  near  the 
open   extremity,  a  globule    of 
Tig.H.  mercury.      The  gas  being   din- 

engaged  by  heat,  accumulated 
in  the  tube,  and  by  its  own 
pressure  brought  about  con- 
densation. The  force  required 
for  this  purpose  was  judged 
of  by  the  diminution  of  volume  of  the  air  in  the  gauge. 

Mr.  Faraday  1ms  si  nee  resumed,  with  the  happiest  results,  the  subject 
of  the  liquefaction  of  the  permanent,  gases,  My  using  narrow  green  glass 
tubes  of  great  strength,  powerful  condensing  syringes,  and  an  extremely 
low  temperature,  produced  by  means  ie  lie  presently  described,  olefiant  gas, 
hyitriodie  anil  liydroliromic  ir.cn is.  pliosphorcttcd  hydrogen,  and  the  gaseous 
lliii.i-  ii-.  af  silicon  ami  boron,  were  successively  liquefied.  Oxygen,  hydro- 
gen, nitrogen,  nitrogen  dioxide,  carbon  monoxide,  and  marsh  gas,  refused 
to  liquefy  at  —  lfifj0  1\,  while  subjected  to  pressures  varying  from  27  to 
58  atmospheres. 
Sir  Isatnbard  Brunei,  ami,  t re  recently,  M.  Tlit'oricr,  of  Paris,  succeeded 
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in  obtaining  liquid  curbou  dioxide  (commonly  called  carbonic  acid)  in 
great  abundance.  Tlie  apparatus  of  >V.  Thiiorier  consists  of  a  pair  of  ex- 
tremely strong  meta.ilio  vessels,  one  of"  which  is  desl  incd  to  serve  the  pur- 
pose of  a  retort,  and  the  other  that  of  a  receiver.  They  are  made  citiier 
of  thick  east  iron  or  gun-metal,  oi\  still  butter,  of  the  best  and  heaviest 
boiler-plate,  and  are  furnished  with  slop-cocks  of  a  peculiar  kind,  the 
workmanship  of  wide  I)  must  be  e  seel  lent.  The  generating  vessel  or  retort 
has  a  pair  of  trunnions  upon  which  it  swings  in  an  iron  frame.  The  joints 
are  secured  by  collars  of  lead,  am!  every  precaution  triken  to  pi-event  leak- 
age under  the  etiorniuns  pressure  r!ic  vessel  lias  to  bear.  The  receiver  re- 
sembles the  retort  in  every  respect;  •!.  lias  a  sindlar  stop-cock,  and  is  con- 
nected with  the  retort  by  a  strong  copper  lube  and  a  pair  of  union  screw- 
joints;  .1  tube  passes  from  rhe  stop-cock  downwards,  and  terminates  near 
the  bottom  of  the  vessel. 

The  operation  is  thus  conducted  :  -:;  lb.  of  acid  sodium  carbonate,  and 
SJ-  lb.  of  water  at  100°  1'.,  are  introduced  into  the  generator;  oil  of  vitriol 
to  the  amount  of  1  Jib.  is  poured  info  a  copper  cylindrical  vessel,  which  is 


lowered  down  into  the-  mixture,  and  sot  upright;  the  siop-eocli  is  then 
screwed  into  its  pla.ee,  and  forced  home  by  a  spanner  and  mullet.  The 
machine  is  nest,  tilled  up  on  its  trunnions,  that  the  acid  may  run  out  of  the 
cylinder  aaid  mix  with  the  other  contents  of  the  generator:  and  i.his  mix- 
ture is  favored  by  swinging  the  whole  backward  and  farwurd  for  a  few 
minutes,  after  which  it  may  be  suffered  to  remain  a  little  lime  at  rest. 

The  receiver,  surrounded  with  ice.  is  next  connected  with  the  generator, 
and  both  cocks  opened  ;  the  liquefied  carbon  dio.vide  distils  over  into  the 
colder  vessel,  and  there  again  in  pari  ootmetises.  The  cocks  are  now 
closed,  the  vessels  disconnected,  the  euck  of  the  generator  opened  fo  allow 
the  contained  gas  to  escape;  and,  lastly,  when  t.he  issue  of  gas  /ins  quite 
ce«*!->J,  the  stop-cook  itself  is  unscrewed,  and  the  sodium  sulphate  turned 
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out.  This  operation  must  be  repented  five  or  six  limes  before  any  very 
considerable  quantity  of  lioncticd  carbon  dioxide  will  have  accumulated  in 
the  receiver.  When. (lie  receiver  ihus  cimrged  Jus  its  stop-cock  opened,  a 
stream  of  the  liquid  is  forcibly  driven  np  lite  tube  by  the  elasticity  of  the 
gas  contained  in  the  upper  part  of  the  vessel. 

The  experimenter  incurs  ^vciii  porsona.i  lijn^ci-  in  using  this  apparatus, 
unless  the  utmost  ea.ro  be  taken  in  iis  management.  A  dreadful  accident 
occurred  in  Paris  by  r.he  bursting  of  one  of  the  iron  vessels. 

Liquid  carbon  dioxide  is  also  very  frequent  U  yncparod  by  means  of  an 
apparatus  constructed  by  M.  _"Nattorer,  of  Vienna,  which  enables  the  ex- 
perimentalist to  work  with  less  risk.  The  gas  disengaged  by  means  of 
sulphuric  acid  from  acid  pola-sium  carbonate,  is  pumped  by  means  of  a 
force-pump  into  a  wrought- iron  vessel,  exactly  us  the  air  is  pumped  into 
the  receiver  of  an  air-gun.  When  a  ccrlain  pressure  lias  been  reached, 
the  gas  is  liquefied,  anil  if  !lie  pumping  be  continued,  considerable  quan- 
tities of  the  liquid   carbon  dioxide;   may  be  tin;-  obtained.      By  this  appa- 


JVi  ■;■■■.!  :.-ili..: 


s  oxide  gas  has  been  condensed  to  a  liquid  without  the  u 


Of 


The  eolil  produced  by  evaporation  has  been 
already  advened  to:  it  is  simply  an  eil'eel 
arising  from  the  conversion  of  sensible  beat 
into  latent  by  the  rising  vapor,  and  it  may  be 
i3iu»f rated  in  a  variety  of  ways.  I'll  bee  drop- 
ped  on  the  hand  thus  produces  the  sensation 
of  great  cold;  and  water  contained  in  a  thin 
glass  tnbe,  surrounded  by  a  bit  of  rag,  is 
speedily  frozen  wdteti  lite  rag  is  .kept  welted 
with  ether. 

When  a  little  water  is  put  into  a  watch-glass,  supported  by  a  triangle  of 
wire  over  a  shallow  glass  dish  of  sulphuric  aoul  placed  on  the  plate  of  u 
good  air-pump,  the  whole  covered  with  a  tote  receiver,  and  the  air  with- 
drawn as  perfectly  as  possible,  (he  water  is  it;  a  few  minutes  converted 
into  a  solid  mass  of  ice.  The  absence  of  the  impediment  of  tbe  air,  and 
the  rapid  absorption  of  watery  vapor  by  the  oil  of  vitriol,  induce  such 
quick  evaporation  thai  the  water  has  its  ten:perature  almost  immediately 
reduced  to  the  freezing-point. 

The  same  fact  is  shown  by  Wolliistmrs  c-n/y/mrus,  or  frost -carrier.  It 
is  a  glass  vessel  of  lite  figure  renresemed  ia  fig.  47,  and  contains  a  small 
quantity  of  water,  the  rest,  of  the  space  being  vacuous.  When  all  the 
water  is  turned  into  the  bnlb,  and  the  emptj  extremity  plunged  into  a 
mixture  of  ice  and  salt,  the  solidification  of  the  vapor  gives  rise  to  so  quick 
an  evaporation  from  the  surface  of  the  wafer,  that  the  latter  freezes. 


All  means  of  producing  a  riilic:::  I  cold  yield  to  thai  derived  from  the  ci 
poration  of  the  liquefied  ca.rbon  dioxide  just  mentioned.  When  a  jet 
that  liquid  is  allowed  lo  issue  ittio  I  ho  air  front  a  narrow  aperture,  so  inter 
a  degree  of  cold  is  produced  bv  the  ovaporizalion  of  a  part,  that  the  ] 
mainder  freezes  to  a  solid,  and  falls  ill  a  shower  of  snow.  By  suffering!] 
jet  of  liquid  to  now  into  a  metnl  box    provided    for    the    purpose,  sh own 
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fig.  45,  alarge  quantity  of  (he  solid  oxide  maybe  obtained:  it  closely'  re- 
sembles Snow  in  appearance,  ainl  when  held  in  i  he  liumf  occasions  a  painful 
sensation  of  cold,  while  i!  gradually  disappears.  When  it  is  mixed  with  a 
little  ether,  and  poured  upon  a  mass  of  mercury,  the  latter  is  almost  in- 
stantly frozen,  and  in  litis  way  pounds  of  the  solidified  metal  may  be  ob- 
tained. The  addition  of  tin:  ether  facdifales  [lie  contact  of  the  carbon 
dioxide  with  the  mercury. 

The  temperature  of  a  mixture  of  solid  carbon  dioxide   and   ether  in  the 
air,  measured  by  a  spirit-thermometer,  was  found  to  be — 10S°  F. ;  when  the 
;amc  in  is  turn  iv!!  s  placed  be  neat  h  I  he  receiver  of  an 
air-pump,  iind  cxhau-a  in'i.  rapidly  iua.de,  t.iie  tern-  FJff.4S. 

pni-ar.ii™  sank  to  — 1S0°  V.  This  was  the  method 
of  obtaining  extreme  cold  employed  by  Mr.  Far- 
aday in  his  last,  experiments  on  tli'j  liquefaction 
of  Rases.  l.'iuleiMii'.h  oiieuiiistances  the  liquefied 
hydriodie  and  liydrobromic  acids,  sulphur  diox- 
ide, carbon  dioxide,  tiilroaen  mono  side,  hydrogen 
sulphulo,  nviHHigtM.  ami  ammonia,  froze  to  color- 
ings transparent  soliih,  and  akoliol  became  thick 
and  oily. 

The  principle  of  the  cryophovus  has  linen  very 
happily  a.p  plied  by  .Mr.  lUmeU  to  roe.  const  me  I  ion 
of  a  d'ew-point.  hygrometer,  fig.  48.  It  consists 
of  a  limit  glass  lubi:  terminated  by  two  bulbs,  one 
of  which  is  half  filled  with  ether,  the  whole  being 
vacuous  as  respects  atmospheric  air.  A  delicate 
thermometer  is  contained  in  the  longer  limb,  the 
bull.)  of  which  ilips  into  the  ether  :  a  second  ther- 
mometer on  the  stand  serves  to  show  the  actual 
temperature  of  the  air.  The  upper  bulb  is  cov- 
ered with  a  bit.  of  muslin.  When  a  n  obser ration 
is  to  be  made,  the  liquid  is  all  transferred  to  the 
lower  bulb,  and  ei.bev  dropped  1171011  the  upper 
one,  until  by  the  cooling-  elt'ooi  of  evaporation  11  distillation  of  the  contained 
liquid  takes  place  from  one  pari  of  the  apparatus  to  the  other,  by  which 
such  a  reduction  of  temperature  of  the  other  is  brought  about  that  dew  is 
deposited  011  the,  outside  of  Hie  bulb,  which  is  made  of  black  glass  in  order 
that  it  may  be  more  easily  seen.  The  difforonee  of  temperature  indicated 
by  the  two  thermometers  is  then  read  off. 


■emarkable  fact  thar  equal  weights  of  different  substances 
ic  temperature  require  different,  amounts  of  heat  to  raise 
n  degree  of  temperature.  If  1  lb.  of  water,  at  100°,  be 
'        'vhen,   as  is  well  known,  a  mean   temperature 


mixed  with  1  lb. 
100  4-  40 

of  =-- —  =  70  is  obtained.      In  the 


1;  lemperatui 


found  when  warm  and  eol'l  oil.  or  warm  and  cold  mcronry,  &c.,  are  mixed 
together.  ISut  if  1  lb.  of  waror  at.  H.'O"  be  mixed  with  1  lb.  of  olive  oil  at 
40s,  or  with  1  lb.  of  mercury  at  4b',  then  instead  of  tin:  mean  temperature 
of  70°,  in  the  one  ease  80°,  in  the  other  ease  'jffi,  will  he  obtained:  20 
degrees  of  heat,  which  the  water  iby  cooling  from  100°  to  80°)  gave  to  the 
same  weight  of  oil,  were  sufficient  to  raise  the  oil  40° .  liu.t.  is,  from  40"  to 
80°;  and  2°,  which  the  water  lost,  by  cooling  from  100"  to  98°,  sufficed  to 
heat  an  equal  quantity  of  mereu.-y  58",  namely,  from  40°  to  98°. 
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It  is  evident  from  these  experiments  that  the  quantities  of  heat  which 
equal  weights  of  water,  olive  oil,  ami  mercury,  require  to  raise  their  tem- 
pera: me  to  llif  same  height,  a  re  line:,  iiai,  ami  i  hat  i.hov  are  ill  tin;  proper- 
li,n  of  ft,  ...I.,  1  =  -J  =  A  »'•  1  :  J  :  iV 

These  quantities  ol  heal,  o:iprc--od  rel.-itu  e.y  n  lln:  ,|n;i  ntily  of  Ileal  re- 
quired to  raise  iliu  leinperai.iire  of  an  ci|tnil  weight,  of  ivmer  from  0'J  to  V- 
C,  are  called  the  ajiei-.ifi!:  lunis  of  ihe  various  substances:  thus  the  ex- 
periments just  described  show  that  Ihe  specific  heat  of  olive  oil  is  \,  that 
is  to  say,  the  quantity  of  heat,  which  wo-nld  raise  ihe  temperature  of  any 
given  quantity  of  olive  oil  from  (1°  to  \"  would  raise  that  of  an  equal  weight 
of  water  only  from  0°  to  '-D,  or  of  half  that  quantity  of  water  from  0° 
to  1°. 

The  specific  heats  of  bodies  are  sometime;;  said  lo  measure  their  relative 
capaati.  a  for  heat 

There  are  three  distinct  method?  by  which  the  specific  heats  of  various 
substances  may  lie  estimated.  The  first  of  i  hose  is  by  oii.-orving  the  quantity 
of  ice  melted  by  a  given  weight  of  the  substance  heated  to  a  particular 
temperature;  the  second  is  by  noting  the  time  which  the  heated  body  re- 
quires to  cool  iknvn  through  a.  certain  number  of  decrees  ;  anil  the  third  is 
the  method  of  mixture,  on  the  principle  illustrated:  this  latter  method  is 
preferred  as  the  most,  accurate. 

The  determination  of  the  specific  heal  of  different  substances  has  oc- 
cupied the  attention  of  many  experimenters:  among  these,  Dulong  and 
Petit,  and  recently  I!  can  a  till  ami  Kopp,  deserve  especial  mention. 

From  the  observation  of  these  and  oihov  physicists,  it  follows  that  each 
body  has  its  peculiar  spceitie  heat,  and  that  the  specific  heat  increases 
with  increase  of  temperature.  If,  for  example,  the  boat,  which  the  unit 
of  water  loses  by  cooling  from  111°  lo  0°  be  marked  at  10°,  then  the  loss  by 
cooling  from  50°  to  0°  Mill  he,  not  o0,  corresponding  lo  the  difference  of 
temperature,  but  50-1.  By  cooling  front  100°  to  0C  it.  is  100-5,  and  rises  to 
203-2  when  the  water  is  beat  oil  rmdoi-  groat  pressure  to  200°  and  afterwards 
cooled  to  0°.  Similar  and  even  more  strikini?  liilferriiees  have  been  found 
with,  other  substances.  It.  has  also  been  proved  thai,  (ho  specific  heat  of 
any  substance  is  greater  in  the  liquid  than  in  (lie  solid  state.  For  example, 
the  specific  heat  of  ice  is  ()-iiVi,  lha.t  is,  not  more  tiian  half  as  great  as  that 
of  liquid  water. 

It  is  remarkable  tha.t  the  specific  heat,  of  water  is  greater  than  that  of 
all  other  solid  and  liquid  substances,  and  is  only  exceeded  by  that  of 
hydrogen.  The  speeilic  heat  of  the  solid  parts  of  the  crust,  of  the  globe  is 
on  an  average  j,  and  that  of  an  atmosphere  nearly  ■!■  that  of  water. 

If  the  speeilic  heat  of  any  body  within  certain  dee.-rec.sof  temperature  be 
accurately  known,  then  from  the  quantity  of  haul  which  this  body  gives  out 
when  quickly  dipped  into  cold  water,  ihe  temperature  to  Hie  which  the  body 
was  healed  may  be  determined.  I'omllot  has  founded  on  this  fact  a  method 
of  measuring  high  temperatures,  and  for  this  purpose,  with  the  help  of 
the  air-thermometer,  he  hut   determined   ihe   speeilic  heat  of  platinum  up 

to  ieoo°. 

The  determination  of  Ifie  speeilic  heat  of  pises  is  attended  with  pcca!i:ir 
difficulties,  on  account,  of  the  comparatively  large  volume  of  small  weights 
of  gases.  For  many  gases,  however,  satisfactory  results  have  been  ob- 
tained by  the  method  of  mixing. 

When  a  gas  expands,  beat,  beemnes  latent.  The  amount  of  heat  required, 
therefore,  to  raise  a  pis  to  any  given  temperature  increases  the  more  the 
gas  in  question  is  allowed  to  expand.  The  quantity  of  heat  which  Ihe 
unit-weight  of  ft  ga.s  requires  in  order  to  raise  ils  temperature  1"  without 
its  volume  undergoing  any  chaise  (which  can  only  take  place  by  the  pres- 
sure being  simutta.ueousiy  augmented;!   is  called  Ihe   specific  beat  of  the 
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gas  s(  a>n«£ti»2  vobivm-.  -TIib  quanlity  of  heat  required  by  the  unit- weight 
of  a  gas  to  raise  its  temperature  i°,  it.  bring  in.  (he  same  time  allowed  to 
dilate  to  such  an  extern  that  the  pressure  to  wbieh  it.  is  exposed  remains 
unchanged,  is  culled  ihe  specific  hcul  of  the  gup-  ui.  i-'junUmL  pressure.  Ac- 
cording to  what,  lias  already  be  mi  sits  led,  I  he  S].iuc-ilit;  beat  at  constant  pres- 
sure must  be  greater  than  thnt  at  constant  volume,  Uniting  found,  in  the 
case  of  atmospheric  air,  of  oxygen,  ot  hydrogen,  and  of  nitrogen,  that  the 
two  specific  heats  are  in-  the  proportion  1-12  I  :  1.  For  carbon  monoxide, 
however,  he  obtained  Ihe  pro  port  ion  of  1  -S'li,  for  carbon  dioxide  1  -SKI,  for 
nitrogen  dioxide  1  ■H43,  and  lor  defiant  gu.s  1  -i\  to  1.  The  exact  determi- 
nation of  these  ratios  is  extremely  difficult,  and  the  results  of  different 
physicists  by  no  means  agree. 

The  first  satisfactory  comparison  of  the  specific  beat  of  air  with  that  of 
water  was  made  by  Count  Jtumford  ;  later  comparisons  of  the  specific  heat 
of  various  gases  hare  been  made  by  Lielaroelie  and  Bcrard,  Dulong  and 
Regnautt. 

'i'ho  first  researches  of  Oolarociie  and  lieraru  furni-bed  the  results  em- 
bodied in  the  following  table :  — 

SPECIFIC  HEAT. 

Equal  volaait!.  _     Equal  weights. 


Atmospheric  air    . 
Oxygen        . 
Hydrogen 
Nitrogen     . 
Carbon  monoxide  . 
Nitrogen  monoxide 
Carbon  dioxide 
Olefiftnt  gas 


hl'il 


l-.:. 


5 

0-2669 

0-9045 

0-241  4 

14-4510 

3-8569 

1-029-5 

CUV  1H 

1-0387 

0^7  oil 

0-7H07 

0-2030 

0-7686 

0-2O5I 

1-5829 

0-4225 

The  latest  and  most  l.ritst.v.orthy  determinations  are  those  of  1! 
which  are  given  in  tho  subjoined  table,  lis  second  column  of  figures, 
headed  "For  equal  weights.  Water  =  1,"  contains  tho  specific  heats  of 
the  gases  under  constant  pressure,,  that  of  water  being  taken  equal  to  1. 
As  it  is  both  useful  and  interesting  t.o  compare  the  i intimities  of  heat  which 
gases,  having  equal  volumes  fit  UF  ami  TiiO  ,»i....  require  to  raise  them  1°,  the 
pressure  remaining  constnnt,  they  have  been  given  under  tho  head  "For 
equal  volumes  "  in  the  third  ce-bimu  of  the,  ruble,,  v.  herein,  it.  should  he  stated, 
the  unit  of  heat,  is  tho  amount  of  heat,  required  to  heat  a  unit-weight  of. 
water  1°,  while  thr  unii  of  volume  is  the  volume  of  a  unit-weight  of  air  at 
0°  and  760  in,  The  tirst  column  gives  the  specific  gravity  of  the  gases  re- 
ferred to  air  as  1. 

HEAT  AT  CONSTANT  PKUESUKM. 


Atmospheric  air 
Oxygen      . 
Nitrogen 
Hydrogen . 
Chlorine 
Bromine  vapor  . 
Cart, on  monoxid 
Carbon  dioxide 


I 

0-2377 

0-2377 

1-1056 

0-2175 

0  2405 

0-9713 

0-2438 

0.2368 

0-0692 

S-4090 

0-2359 

2-4502 

0-1210 

0-2965 

6-4772 

0-0555 

0-8040 

0-QS70 

0-2450 

0-2370 

1-5210 

0-2169 

0-3S07 

Hereby  Google 


Nitrogen  monoxide     . 

.       1-5241 

0-2262 

0-8447 

Nitrogen  dioxide    . 

1-0384 

0-2817 

0-2406 

(defiant  gas 

0-4040 

0-4106 

Marsh  gas       .... 

0-5527 

0-5929 

0-3277 

Aqueous  vapor  . 

.      0  6220 

0-4805 

0-2989 

Sulphuretted  hydrogen . 

1-1746 

0-2132 

0-2857 

Sulphur  dioxide 

2-2112 

01544 

0-3414 

Vapor  of  carbon  bisulphide 

2-6208 

0-1669 

0-4122 

'Hydrochloric  acid 

1-251)6 

0  1852 

0-5894 

0-5084 

0-2996 

The  researches  of  Tlela.roche   urul  ISerard  led  them  to  suppose  that  the 

Specific  heat  of  gases  ii  ::.-:■!' used  r-.  p'.iUy  us  I  In-  temperature  was  raised,  and 
that  for  a  given  volume  of  gas  it.  increased  in  proportion  to  the  density  or 
tension  of  the  gas.  Reguauli  found,  however,  the  quant  iiy  of  heat  which  a 
given  volume  of  gas  requires  lo  raise  il  to  :i  ci- i-t ;s in  temperature,  to  he  in- 
dependent of  its  density  :  and  I  h.'ii  i'ur  each  degree  between  —  30°  and  225° 
it  is  constant.  Cai  Ijo-i  dioxide,  howoi  er,  forms  an  exccpiimi  to  this  rule,  its 
specific  heat  increasing  v.il.h  i.ho  iempcrai  are.  llegnauli-  believes  that  other 
gases  agree  with  carbon  ilin'iite  in  nli oh  iug  II lis  anomaly,  but  lie  lias  not. 
established  it  by  experiment.  In  the  table,  mean  values  for  temperatures 
between  !0C  ami  :'Mi>''  have  been  given.    . 

Several  physicists  have  held  that,  (lie  specific  beats  of  elementary  gases, 
referred  to  equal  volumes,  are  idoulk-nl.  The  numbers  which  Regnault 
found  for  chlorine  and  bromine,  however,  siiuw  thai  the  law  does  not  hold 
good  for  all  elementary  gases. 

It  has  been  already  slaved  iliac,  when  a  gas  expands,  heal  becomes  latent. 
If  a  gas  on  expanding  tie  not  supplied  with  the  requisite  heat,  its  tempera- 
ture falls  on  account  of  its  own  free  liea.1.  becoming  latent.  On  the  other 
band,  if  a  gas  be  compressed,  II  lis  latent  heat  be  em  lies  free,  and  causes  an 
elevation  of  temperature,  which,  under  favorable  circumstances,  may  be 
raised  lo  ignition :  syringes  by  which  tinder  is  kindled  are  constructed  on 
this  principle. 

Didong  and  I'etit  observed  in  the  course  of  their  investigation  a  most  re- 
uinrkahle  circumstance.  If  ilie  sjieci-ie  heats  of  bodies  be  enrapuied  upon 
equal  weights,  numbers  are  obtained  all  different,  and  exhibiting  no  simple 

relations  ; ng  themselves  :   hul  if,  instead  of  eqnai  v>eig)ns,  qua  ill  ilies  be 

taken  in  tho  proportion  of  the  atomic  weights,  an  aluiost  perfect  coinci- 
dence in  the  numbers  ivilL  be  observed,  shewing  thai  some  exceeding  inti- 
mate connection  must  exist  between  the  relations  of  bodies  to  heat  and 
their  chemical  nature:  and  when  the  circumstance  is  taken  into  view, 
that  relations  of  even  a  still  closer  kind  link  together  chemical  and 
electrical  phenomena,  it.  is  nut  too  much  to  expect  that-  ere  long  some  law 
may  be  discovered  fur  mere  general  than  any  with  which  we  are  yet  ac- 
quainted. 

In  the  following  table  tlie  elementary  bodies  are  arranged  nearly 
in  the  order  of  their  spue-Hie  bents,  as  determined  by  Regnauli,  begin- 
ning with  I. hose  whose  specific  heal  is  (he  greatest:  and  this  order,  it 
will  be  observed,  is  the  inverse  of  that  of  tho  atomic  weights  in.  the  third 
column ;  — 
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Specific  Heat 

Product* 

Elements. 

Water^l). 

Weights. 

!=]■■    »'■    '-     X 

At  Weight. 

Lithium  .... 

0-9408 

7 

6-59 

Sodium 

0.2934 

28 

6-75 

Aluminium      . 

0-2143 

27.5 

Phosphorus  {Jg£ 

0-2120 
01887 

}    !1    { 

6  57 
5-85 

Sulphur       . 

0-2026 
0-1696 

82 

6-48 
6-61 

0-1138 

66 

6-37 

Nickel     .    "    .    "    . 

0-1086 

58-7 

6-37 

Cobalt 

0  1070 

58-7 

6-28 

Copper    . 

0-9515 

6-04 

Zinc    . 

0  9555 
0-8140 

65 

624 
610 

Selenium      .     '      . 

0-7616 

79 

6-02 

Bromine  (solid)        . 

0-8432 

80 

6-75 

Palladium    .           . 

0-5928 

106-5 

6-31 

0-5701 

108 

6-16 

Cudmium     . 

0-6069 

112 

Tin           . 

0  5623 

118 

6-63 

Antimony    .         . 

0-5077 

122 

619 

Iodine     . 

0-5412 

127 

6-87 

Tellurium   . 

0-4737 

128 

6-06 

Gold 

0-3242 

196-7 

6-38 

Platinum     . 

0-3113 

197-4 

6-15 

Mercury  {^    ■ 

0-B102 

\     200       | 

6-38 
6-66 

Lead 

0-8140 

207 

6-50 

Bismuth      . 

0-3084 

210 

6-48 

A  comparison  of  the  iramlii'i-i  in  the  fourth  column  (if  this  tabic  shows 
that  for  u,  considerable  number  of  elementary  hodics  in  the  solid  state  the 
specific  heats  arc  very  nearly  proportional  lo  the  atomic  weights,  so  that 
the  products  of  the  specific  hculs  of  the  elements  inio  their  atomic  weights 
give  nearly  a  conslan!  quantity,  the  mean  vu'r.n:  being  G-4.  This  quantity 
maybe  taken  to  vcpro-enl  the  «,'pmi;i  /.«i.'  of  1 1n;  several  elements  in  the 
solid  state,  or  the  quantity  of  heal  which  must  be  impm-ied  to  or  removed 
from  atomic  proportions  of  the  several  eienienls,  in  order  to  produce  equal 
variations  of  temperature. 

Nevertheless,  this  law  must  not  be  undoi'stood  a*  perfectly  general,  for 
there  are  three  elements,  miiii^;.  carbon,  bonm,  :ind  silicon,  which  exhibit 
decided  exceptions  io  it.  as  shown  hy  the  i'oi-owing  'lumbers; 
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„_,.. 

™ 

WigLK, 

sj..  ii.^k  y. 

At.  W sight. 

Boron,  crystallized 

(  wood  charcoal 

Carbon  1  graphite 
(  diamond  . 

™°»{ £""""' '  . 

0-2500 
0-2415 
0-2008 
0*1469 
0-1774 
0-1750 

11 

}  "  { 

28       | 

2-75 
2-90 
2-41 

497 
4-70 

The  specific  heats  and  molecular  weights  of  similarly  constituted  com- 
pounds exhibit,  for  ilu:  most  pari,  ihc  same  re  la  I  ion  sis  i  Inn.  which  is  observed 
between  the  specific  boats  mid  atomic  wt^'bii  or'  the  elements. 


The  first  and  greatest  source  of  heat,  compared  wish  which  all  others 
are  totally  insignificant,  is  the  sun.  The  luminous  rays  are  accompanied 
by  rays  of  a  heating  jiaJur-o,  which,  striking  against  i he  surface  of  the  earth, 
elevate  its  temp c rat m1  e  ;  this  heat  is  communicated  to  tint  air  by  convectJon, 
as  already  described,  air  ami  gases  in  general  i.ul  being  sensibly  heated  by 
the  passage  of  the  rays. 

A  second  source  of  heal.  is  supposed  to  exist  in  the  interior  of  the  earth. 
It  has  been  observe' i  tlua  in  si>iki>;<r  mine- shall  s,  lining  for  water,  &c,  the 
temperature  rises  hi  a'cscendirg.  ai  the  vale,  il  is  said,  of"  til)  out  %°  C.  (1°  F.) 
for  every  45  feet,  or  t's!iD  G.  (117"  V.)  per  mile.  On  the  supposition  that  the 
rise  continues  at  tho  same  rate,  the  eartli,  of  the  depth  of  less  than  two 
miles,  would  have  too  tump  era  i  i.n-e  of  boiling  wiutr;  at  nine  miles  it  would 
be  red-hot;  and  at  30  or  40  miles  dep-.li  all  known  substances  would  be  in 
a  stare  of  fusion.* 

According  to  this  idea,  the  earth  must  lie  looked  upon  as  an  intensely 
heated  fluid  spheroid,  covered  with  a  crust  of  solid  badly  conducting  matter, 
cooled  by  radiation  into  space,  and  bearing  soiiii  v.  Iiat  [he  same  proportions 
in  thickness  to  the  igniicd  li(|iiid  within,  thai  the  shell  of  an  egg  bears  to 
its  fluid  contents.  Without  venturing  to  offer  any  opinion  on  this  theory,  it 
may  be  sufficient  fo  observe  that  it.  is  not.  positively  at  variance  with  any 
known  fact;  that  the  figure  of  the  earth  is  really  such  as  would  be  assumed 
by  a  fluid  mass;  ami,  lastly,  that  it  offers  toe  hest  cxp'anation  we  have  of 
f.iie  nhcnoiacnu  nf  hot  springs  and  volcanic  erus.iiiuns,  sliuI  agrees  with  t.lio 
chemieal  nature  of  their  products. 

Among  the  other  sources  of  neat  are  c'lcmical  cojid.iiaation  and  mechani- 
cal work. 

The  disengagement  of  hesit.  in  the  act  of  combination  is  a  phenomenon  of 
tie  utmost  generality.  The  quantity  of  heat  (riven  out  in  each  particular 
case  is  fixed  and  definite;  its  intensity  is  dependent  upon  the  time  over 
which  the  action  is  extended.  SI  any  admirable  researches  on  this  subject 
have  been  published;  hut  their-  results  wil!  be  more  ad  vantage  ously  con- 
sidered at  a  later  part  of  this  work,  in  connection  with  the  laws  of  chemical 
combination. 
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Hettt  jiredll'lt-'J  ■'■'/  '/"■".'•  ,-f.'i  ir.f '  Tp>  .'■■'•.-  -  - 1  f  i  ■■  :i  f  and  mniin:i  are  convertible  one 
into  the  Other.  Tin;  powerful  m i^oliariirjj, I  eficids  produced  by  the  elasticily 
of  the  vapor  evolved  from  boated  lu/.dds  attord  anuudatit  illustration  of  the 
conversion  of  heat  into  motion :  and  Ihe  production  of  heat  by  friction,  by 
the  hammering  of  metal?,  and  in  the  condensation  ..it'  gai.es  (p.  72),  shows 
with  oi'iii:i]  clearness  (lint  motion  may  l.n:  converted  into  heat. 

In  some  cases  the  rise  of  temperature  thus  produced  appears  to  be  due  to 
a  diminution  of  heat-capacity  in  i  lie  body  operated  upon,  as  in  the  case  of 
a,  compressed  gits  just  alluded  to.  M alien  hie  met  it!?,  e.lso,  as  iron  and  copper, 
which  become  heated  by  hammering  or  powerful  pressure,  arc  found  thereby 
to  have  their  density  sensibly  increased  ami  i  lnvr  eapae itv  for  heat  dimin- 
ished. A  soft,  iron  nail  ma\  be  made  red-bo*  by  a  lew  desterous  blows  oil 
an  anvil;  but  the  experiment,  cannot  be  repealed  until  the  metal  has  been 
annealed,  and  in  that  manner  re,- 1  eied  in  lis  former  physical  state. 

But  the  amount  of  beat,  which  can  be  developed  by  mechanical  force  is, 
in  most  cases,  out  of  all  proportion  to  wdial  can  be  accounted  for  in  this 
way.  Sir  H.  Davy  melted  t  wo  pieces  of  ice  by  rubbing  them  together  in  a 
vacuum  at  the  temperature  of  0"  ;  and  Count.  Eunifoi'il  round  that  the  heat 
developed  by  the  boring  of  a  brass  cannon  was  sufficient,  to  bring  to  the 
boiling-point  two  and  a  half  gallons  of  water,  while  the  dust  or  shavings 
of  metal,  out  by  the  borer,  weighed  only  a  few  ounces.  In  these  and  all 
Similar  cases  the  heat,  appears  its  :i  direct,  result- of  the  force  expended;  the 
motion  is  convened  into  heat. 

The  Connection  between  heat  and  mechanical  force  appears  still  more  in- 
timate when  it  is  shown  thai  liiey  arc  reialeti  by  an  exact,  numerical  law,  a 
given  quantity  of  the  one  being  always  convertible  into  a  definite  amount 
of  the  other.  The  (irst.  appropriate  (tetcrmlmtiion  of  this  most  important 
numerical  relation  was  made  hy  I  lounr  limn  ford  in  I  he  manner  just  alluded 
to.  A  brass  cylinder  enclosed  in  a  box  containing  a  known  weight  of  water 
at  60°  F.  was  bored  by  a  sice)  borer  made  In  revolve  by  horse-power,  and 
the  time  was  noted  which  classed  before  the  water  was  raised  to  the  boiling- 
point  by  the  heat  resulting  from  the  friction.  In  this  maimer  it  was  found 
that  the  heat  required  lo  raise  (he  temperature  of  a  pound  of  water  by  1° 
P,  is  equivalent,  to  1U'-'A  times  the  force  expended  in  raising  it  pound  weight 
one  foot  high,  or  to  1031  "  foot  pounds,"  a?  it  is  technically  expressed.  This 
estimate  is  now  known  to  be  km  high,  no  account,  having  been  taken  of  the 
heat  communicated  to  the  containing  vessel,  or  of  that  wdiich  was  lost  by 
dispersion  during  the  experiment. 

For  the  most  exact,  deteriaiiialions  cT  I  be  mechanical  equivalent  of  heat 
we  are  indebted  to  the  careful  and  elaborate  researches  of  Mr.  J.  1'.  Joule. 
From  experiment?  made  in  the  years  1840  IS  mi  flic  relation?  between  the 
heat  and  mechanical  power  generated  by  the  electric  current,  Mr.  Joule 
was  led  to  conclude  that  the  heat  required  to  raise  the  temperature  of  a 
pound  of  water  1°  F.  is  equivalent  to  S:-!S  foot-pounds;  this  he  afterwards 
reduced  to  772;  and  a  nearly  equal  result,  was  afterwards  obtained  by  ex- 
periments on  the  con  den  ?al  inn  and  rarefaction  of  gases;  but  this  estimate 
lias  since  been  found  to  he  likewdse  too  great. 

The  most  trustworthy  results  are  obtained  hy  measuring  the  quantity  of 
oca:  generated  hy  the  friction  between  solid?  and  liquid-.  It  was  for  a  long 
time  believed  that,  no  heat  was  evnked  by  the  friction  of  liquids  and  gases. 
But  in  18-12  Meyer  showed  l.hat  the  temperature  of  water  maybe  raised 
22°  or  23°  F.  by  agitating  it.  The  warmth  of  the  sea  after  a  few  days  of 
stormy  weather  is  also  probably  an  eil'eet  of  iluid  friction. 

The  apparatus  employed  by  Mr.  Joule  for  the  determination  of  this  im- 
portant constant,  by  means  of  the  friction  of  water,  consisted  of  a  brass 
paddle-wheel  furnished  with  eight  sets  of  revolving  vane?,  working  between 
four  sets  of  stationary  vanes.     This  revolving  apparatus,  of  which  fig,  49 
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shows  a  vertical,  and  fig.  50  a  horizontal  section,  was  firmly  fitted  into  a 
copper  ye ssel  (set  fig.  jJ)  containing  water,  in  tin.'  ltd  of  which  were  two 
necks,  one  for  the  axis  to  revolve  in 
without  touching,  the  other  for  the 
insertion  of  a.  thermometer.  A 
similar  apparatus,  but  made  of  iron, 
and  of  smaller  size,  having  six  rota- 
tory and  eight  sets  of  stationary 
varies,  was  used  for  the  experiments 
on  the  friction  of  mercury.  The 
apparatus  for  the  friction  of  enst- 
il'on  consisted  of  a  vortical  axis  rar- 
ryiug  a  hovelled  cast-iron  wheel, 
against,  which  a  bevelled  wheel  was 
pressed  by  ft  lever.  The  wheels 
were  enclosed  in  a  cast-iron  vessel 
filled  Willi  mercury,  the  axis  passing 
through,  the  lid.  "in  each  apparatus 
motion  was  given  to  the  axis  Ivy  Hie  descent  of  leaden  weights  w  (fig.  61)  sus- 
pended by  strings  from  the  axis  of  two  wooden  pulleys,  one  of  which  is 


shown  atp,  their  nxis  lie  in  a1  ^pporred  en  friction  "heel-  dd,  and  the  ; 

were  connected  by  fine  twine  with  a  wooden  roller  r.  which,  by  means  of  a 

pin,  could  be  easily  attached  to  or  removed  [rout  (he  frka.ion  apparatus. 

The  mode  of  experimenting  was  as  follows:  —  The  temperature  of  the 
frictional  apparatus  Isnvina  been  ascertained,  and  the  weights  wound  up, 
the  roller  was  lised  to  the  axis,  and  the  precise  height  of  the  weights  as- 
certained; the  roller  was  'hen  set  at  liberty,  n  ml  allowed  to  revolve  till  the 
weights  touched  the  floor.  The  roller  was  then  detached,  the  weights 
Wound  up  again,  and  the  friction  renewed.  This  having  been  repeated 
twenty  times,  the  experiment  was  cnneluded  with  anodier  observation  of 
the  temperature  of  the  apparatus.  The  meeri  temperature  of  the  apart- 
ment was  ascertained  by  observations  made  at  the  beginning,  middle,  and 
end  of  each  experiment,  Corrections  were  made  fur  the  effects  of  radia- 
tion and  conduction ;  and,  in  the  experiments  with  water,  for  the  quantities 
of  heat  absorbed  by  the  copper  vessel  and  Ihe  paddle-wheel,  In  the  ex- 
periments with  mercury  and  cast -in m,  the  beal-capiieity  of  the  entire  ap- 
paratus was  asccviained  bj  observing  the  healing  effect  which  tt  produced 
on  a  known  quantity   of  water  in  which  it  was  immersed.      In  all  the  es- 


Htisten  by  G00gk 


HEAT.  77 

pcriments,  corrections  were  also  made  for  the  velocity  with  which  the 
weights  came  to  tin;  ground,  mid  for  the  friciion  and  r:  entity  of  the  strings. 
The  thermometers  used  wove  oapabic  of  indicating  a  variation  of  tempera- 
ture 03  small  as  -.,i(1  of  a.  degree  Fahrenheit. 

The  following  tabic  contains  a  summary  of  the  insults  obtained  by  this 
method;  the  second  column  gives  I  he  remits  as  tli ey  vere  obtains  in  air; 
in  the  third  column  the  same  results  corrected  for  a  vacuum:  — 


implo^d.  in  air. 

ter        .  .  773-040 


7728141 

776-303  77-5-3f>2/ 


776-997  770-015 1 

774-930  / 


Cast-iron.         .  1  "™»  ' '» ^  774.987 


In  the  experiments  with  cast-iron,  the  friction  of  the  wheels  produced  a 
considerable  yibration  in  the  frame-work  of  the  apparatus,  and  a  loud 
sound;  it  was  therefore  necessary  in  make  allowance  for  the  quantity  of 
force  expended  in  producing  iiic.se  effects.  The  number  772-GU2,  obtained 
by  the  friction  of  vvatet-,  is  i-vgiiviletl  as.  the  jurist  1  nisi  worthy;  hut  even  lliis 
may  be  a  little  loo  high ;  because  oven  io  the  friction  of  fluids  it  in  impos- 
sible entirely  to  avoid  vibration  ami  sound.  The  conclusions  deduced  from 
these  experiments  are :  — 

1.  That  t/w  gaa.miry  of  heat  proJuet.d  by  !>i ■■■.  friction  of  bodies,  whether  solid  or 
liquid,  is  always  prop'riie-na!  :o  the  force,  expended. 

1.  That  the  quo.uli.iy  of  had  r-apabie  of  inrrcosiny  the  temperature  eif  lit',  of 
water  (weighed  in  uacuo,  and  lenceeu.  "i'fi  and-  UP)  t,y  1°  1'..  requires  for  its  evo- 
lution the  expenditure,  of  a  mcc/iaiileal  fire;:  represented  by  the  fall  of  712lbs. 
through  the  space  of  1  foot. 

Or,  the  heat  capable  o.i  increasing  .'he  l.-eiperal'.ire  of  1  gr'irn  of  water  by  1°  C, , 
is  equivalent  to  a  ft  ere  rr->>':st-:itri'i  by  Ike  fail  of  4i!3-5o  grnn-s  through  the  space 
of  1  metre.      This  it  com,/  qu-iiily  the.  effect  of  "  a  unit  of  heat.'' 

Experiments  made  by  other  philosophers  on  tlic  work  done  by  a  steam- 
engine,  on  the  boat  evolved  by  no  cleoi  ro-noii!t'.oi:o  endue  at  rest  and  in 
motion,  and  on  the  heal  evolved  in  the  circuit  of  a  voltaic  battery  and  in  a 
metallic  wire  through  wdiioh  an  oloct.iic  ourroiii  is  passing,  have  given  values 
for  the  mechanical  equivalent  of  beat  very  nearly  equal  to  the  above. 


L  THEORY  OF  HRA.T. 
For  a  very  long  time  two  rival  theories  have  been  held  regarding  the 
nature  of  heat:  on  tire  one  band,  beat  has  boon  viewed  as  having  a  material 
existence,  though  differini;  from  ordinary  mailer  in  being  without  weight, 
and  in  other  respects;  on  tire  oilier  hand,  it  has  boon  regarded  as  a  state 
or  condition  of  ordinary  matter,  ami  generally  as  a  condition  of  motion. 
From  the  latter  part  of  the  last  century,  until  the  modem  researches  upon 
the  mechanical  equivalent,  the  former  view  had  by  far  the  greater  number 
of  adherents.  Its  popularity  may  he  chiefly  traced  io  the  leaching  of  Black 
and  Lavoisier.  Ey  Iho  former  of  these  philosophers,  lire  various  capacities 
for  heat,  or  specific  boars  of  dilfcec.nt  bodies,  seem  to  have  been  regarded 
as  analogous  to  the  various  proportions  of  ibe  same  acid  required  to  neu- 
tralize equal  quantities  of  different  base*,  while  the  solid,  liquid,  and 
gaseous  states  wore  explained  by  lilaek  as  representing  so  many  distinct 
proportions  in  which  iieai  was  capable  of  combining  with  ordinary  matter. 
Very  similar  views  were  ad  vocal  ed  by  Lavoisier  :  be  regarded  all  gases  as 
compounds  of  a  base  characteristic  of  cncii.  with  caloric,  and  supposed  that 
when,  as  the  result  of  chemical  net  ion,  they  assumed  flic  liquid  or  solid 
stale,  this  calorie  was  set.  free  ami  im.isu-fl  a;;  sensible  heat. 
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Heat  was  compared  by  these  philo-onhers  to  a  muieriai  substance,  in  order 
to  explain  its  then  known  quantitative  relations;  and  from  this  point  of 
view  the  concept iuii  ir.ti'ciiuced  by  them  had  [lie  great  advantage  of  being 
more  easily  grasped  than  any  which  too  advocates  of  the  immaterial  nature 
of  heat  had  to  ofl'cr  in  its  place.  It  was  much  easier  to  conceive  of  definite 
quantities  of  an  exceedingly  i-ubliU-  substance  or  fluid,  than  oi'  definite 
qicmiiiies  df  in  fit  i  on,  which  was  it  so  It  undefined  as  to  its  nature.  It  was  a 
direct  consequence  of  the  material  view,  that  heal,  should  be  considered  as 
indestructible  and  an  incapable  of  being  produced,  and  therefore  that  the 
total  quantity  of  heat  in  the  universe  should  be  regarded  as  at  all  times  the 

But,  on  the  other  Inncl,  this  hypol he-si?  did  nut  afford  a  satisfactory  ex- 
planation of  the  pruil'.ic:  ion.  nf  heat  by  mechanical  means.  Here  it  was  not 
easy  to  deny  the  acme!  generation  of  heal,  or  to  explain  the  effects  as  de- 
pending merely  on  its  altered  distribution.  Nnvcri  licloss,  the  evolution  of 
heat  by  friction  ami  percussion  was  gene-ally  considered,  by  the  advocates 
of  the  material  view,  as  in  some  way  resulting  from  a  diminution  in  the 
capacities  for  heat  of  tins  bodies  operated  upon;  mnl  this  explanation  de- 
rived cnliidderablc  support  I'lsmi  the  remark,  made  by  lilisclt,  that.  11  piece 
of  soft,  iron,  which  ha-  been  once  made  .veil  hot  by  hammering  (see  p.  75), 
cannot  bo  so  heated  :i  second  lime  imt.il  it  has  been  heated  to  redness  in  a 
fire  and  allowed  to  cool  In  this  ease,  certainly,  it  seemed  as  though  the 
hammering  forced  oat.  heat  from  the  mass  of  iron,  like  water  from  a  sponge, 
and  that  a  fresh  supply  mis  taken  up  when  the  iron  was  put  in  the  fire. 
This  explanation,  however,  did  not  satisfy  Rum  ford,  vclio,  in  the  investi- 
gation described  above,  made  direct  experiments  upon  llie  specific  heat  of 
the  chip's  of  metal  detached  by  tin!  friction,  and  found  it.  to  be  identical  with 
that  of  brass  under  ordinary  eircuuisla.uocs.  rtti'd  more  decisive  proof  that 
the  heat  generated  by  f  riot  ion  cunnol  be  ;i  scribed  lo  a  diminution  of  specific 
heat  in  the  substances  operated  on  was  afforded  by  Ibivy's  experiment  on 
the  ltouef action  of  ice  by  friction  ;  for  in  this  ease  the  ieo  was  converted 
into  a  liquid  having  i  wieo  I  be  specine  beat  of  Hie  ice  itself.  Hence  Davy* 
drew  the  conclusion  that.  "The  immediate  cause  of  the  phenomena,  of  heat 
is  motion,  and  the  law-  of  ils  com  mimical  ion  are  precisely  the  same  as  the 
laws  of  the  communication  of  motion." 

The  mechanical,  or  dynamical  iheoi-y,  wiiicii  rega  rded  beat  as  consisting 
in  a  state  of  molecular  million,  emmet  however  lie  said  to  have  been  defi- 
nitely established,  until  it  also  was  made  quantitative,  ■  -until  it  was  shown 
that  exact  numerical  laws  regulate  the  production  of  boat  by  work  or  of 
work  by  heat,  equally  wiih  its  production  during  solidilication  and  disap- 
pearance during  fusion. 

To  illustrate  the  general  nature  of  the  dynamical  ibeory  of  heat,  we 
givo  an  outline  of  the  view  of  the  couslbuiioit  of  gases,  first  put  forward, 
in  its  present  form,  by  .loule;-]-  and  subsequently  developed  by  Kronig,j 
and  Clausius.ij  and  of  the  explanation,  of  ibe  relations  existing  between 
solids,  liquids,  and  gases,  which  has  been  deduced  from  it  by  the  last-named 
philosopher. 

First,  then,  it  is  assumed  thai  the  particles  of  ;ili  bodies  are  in  constant 
motion,  and  that  this  motion  consi  it.m  es  beat .  the  kind  and  quantity  of  mo- 
tion varying  according  lo  tlie  state  of  the  body,  whether  solid,  liquid,  or 
gaseous. 

In  gases,  the  molecules  —  each  molecule  being  an  aggregate  of  atoms  — 
are  supposed  to  be  eousiamly  moving  .i'o.vward  '.a  siruight  lines,  and  with  a 
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constant,  velocity,  till  they  impinge  against  each  oilier,  or  against  an  im- 
penetrable wall.  This  constant  impact  of  the  molecules  produces  the  ex- 
pansive tendency  or  elasticity  which  is  the  peculiar  characteristic  of  the 
gaseous  state.  The  rectilinear  movement  is  not,  however,  the  only  on o  with 
which  the  particles  sire  affected.  For  the  impact-  of  t.wo  molecules,  unless 
it  takes  place  e.xaoily  in  'he  line  joining  (heir  centres  id'  gravity,  must  give 
rise  to  a  rotatory  motion  ;  ami,  moreover,  the  ultimate  atoms  of  which  the 
molecules  are  composed  may  be  supposed  io  \ihrato  within  certain  limits, 
being,  in  i"aoL  thrown  into  vibration  by  the  impact  of  the.  molecules.  This 
vibratory  motion  is  called  liy  Olausius,  the  motion  of  the  constituent  atoms. 
The  total  quantity  of  heat  in  the  gas  is  made  up  of  the  progressive  motion 
of  the  molecules,  together  with  the  vibratorv  aii'.l  otht-j-  motions  of  the  con- 
stituent atoms  ;  bin-  i  lie  progressive  mol  ion  alone,  which  is  the  cause  of  the 
expansive  tendency,  del  ermines  the  lemp'ratare.  .Now,  the  outward  pressure 
exerted  by  the  gas  against  the  containing  envelope  arises,  according  to  tlie 
hypothesis  under  consideration,  from  (lie  impact  of  a  great  number  of 
gaseous  molecules  aga.insf  the  sides  of  t.ho  vessel.  Hut.  at.  any  given  tem- 
perature, that  is,  with  any  sri  v.ti  velocity,  I  lie  number  of  such  impacts  taking 
place  in  a  given  time,  must  vary  hivcjiKcly  as  the.  volume  of  the  given  quan- 
tity of  gas;  hence  the  pressa.re  mirks  iiictrselij  as  the  viiit/t/tc  or  directly  as  the 
density,  which  is  Boyle's  law. 

When  the  volume  of  the  gas  is  cooslanl,  the  pressure  resulting  from  the 
impact  of  the  molecules  is  proportional  to  the  sum  of  the  masses  of  all  the 
molecules  multiplied  int.o  the  squares  of  their  velocities  ;  in  other  words,  to 
the  so-called  vis  i-ivn  or  mn- /, -ivy  force  of  the  progressive  motion.  If,  for  ex- 
ample, the  velocity  be  doubled,  each  molecule  will  strike  the  sides  of  the 
vessel  with  a  twofold  force,  and  its  number  of  impacts  in  a  given  time  will 
also  be  i.leubicd  :   hence  the  lot  til  pressure  m  ill  be  quadrupled. 

Now,  we  know  that  when,  a  given  qua.ntity  of  any  perfect,  gas  is  main- 
tained at  a  constant  volume,  it  tends  to  expand  bv  ,,!.  of  its  bull!  at  ?.■ 

for  each  degree  Centigrade.      Hence  (he  pressure  or  clastic  force  ir  - 

proportionally  to  Hie  tcmpcrai-tiro  reckoned  from — '11  ?>"('.  ;  that  is  to  say, 
to  the  absolute  tcmporalurc.  Oonsequenliv,  tlie  nhsoiutc  temperature  is  pro- 
portional to  the  'amrk'cy  ft.rce  of  the progressive  motion. 

Moreover,  as  the  motions  of  the  constituent,  particles  of  a  gas  depend  on 
the  manner  in  which  its  atoms  are  united,  it  follows  that  in  any  given  gas 
the  different  motions  must  be  to  one  anol  her  In  a  eons) ant  ratio;  and,  there- 
fore, the  vis  viva  or  working  force,  of  the  progressive  motion  must  bo  an 
aliquot  part  of  the  entire  working  It, roc  of  the  jss:  hence  also  the  absolute 
temperature  is  proportional  to  ilie  total  working  force-  arising  from  all  the 
motions  of  the  particles  of  the  gas. 

From  this  it  follows  lliat  the  quantity  of  heal  which  must,  be  added  to  a 
gas  of  constant  volume  in  order  to  raise  its  tempera  tore,  by  a  given  amount, 
is  constant  and  independent  of  the  temperature.  In  other  words,  the 
specific  heat  of  a  gas  referred  1.0  a  given  volume  is  constant,  a  result  which 
agrees  with  this  experiments  of  llognault.  mentioned  at  p.  72.  The  result 
may  be  otherwise  expressed,  as  follows:  —  The  total  or  working  force  of  the 
nets  is  to  the  workiny  force  „f  //,,.  p.rni/rcvii'r  mnSnn,  if  the  in  nitrides,  which  is  /be 
measure  of  the.  temperature,  in  a  eeiiislant  ratio.  This  ratio  is  different  for  dif- 
ferent gases,  and  is  greater  as  ilm  gas  is  more  complex  in  its  constitution; 
in  other  words,  as  its  molecules  arc  made  up  of  a  greater  number  of  atoms. 
The  specific  heat  referred  to  a  constant  pressure,  is  known  to  differ  from  the 
true  specific  heat,  only  by  a,  constant  quantity. 

The  relations  just  considered  bel  ween  Ike  pressure,  volume,  and  temper- 
ature of  gases,  presuppose,  however,  certain  conditions  of  molecular  con- 
stitution, which  are,  perhaps,  never  rigidly  fulliled  ;  ami,  accordingly,  the 
experiments  of  Magmis  iml    lie-nanlt.  show   (p.  t,-2)  that,  gases  do  exhibit 
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slight  deviations  from  Gay-T.ussae  and  lloyle's  laws.  What  the  condition!) 
are  which  strict  adhoia'iicc  to  those  laus  would  require,  will  bo  better  under- 
stood by  considering  the  ditlorenoes  of  molecular  constitution  which  must 
exist  in  the  solid,  !u:uiii.  and  gaseous  states. 

A  movement  of  molecules  iiniar.  bo  supposed  to  exist  in  nil  three  states. 
In  the  solid  stats,  the  motion  is  such  that  the  molecules  oscillate  about, 
certain  positions  of  equilibrium,  which  they  do  not.  quit,  unless  they  lire 
acted  upon  by  external  forces.  This  vibratory  motion  may,  however,  be  of 
a  very  complicated  character.  The  constituent  atoms  of  a  molecule  may 
vibrate  separately;  the  entire  molecules  may  also  vibrate  as  such  about, 
their  centres  of  gravity,  and  the  vibrations  may  bo  cither  rectilinear  or 
rotatory.  Moreover,  when  extraneous  forces  act  upon  the  body,  as  in 
shocks,  the  molecules  mny  permanently  niter  their  relative  positions. 

In  the  liquid  stale  the  molecules.  lia\e  no  determinate  positions  of  equili- 
brium. They  may  rotate  completely  about  tlieir  centres  of  gravity,  and 
may  also  move  forwasal  into  oilier  positions.  Hut  Hie  repulsive  action 
arising  from  the  motion  is  not.  stinnr  eneug'a  io  nvrr ],■  the  mutual  attrac- 
tion of  the  molecules  and  sopa.VM.to  "rhem  completely  iron,  each  other.  A 
moleoulo  ie  not  permanently  ass  uciat  ed  with  its  iit:«'i:  iiois,  as  in  the  solid 
.state;  it  docs  not  leave  them  spontaneously,  but  only  under  the  influence 
of  forces  exerted  upon  it  by  other  molecules,  with  which  it.  then  comes  into 
the  same  relation  as  with  the  former.  There  exists,  (licreforc,  in  the  liquid 
state,  a  vibratory,  rotatory,  atul  progressive  movement  of  (he  molecules,  but 
so  regulated,  that  they  arc  not,  thereby  forced  asunder,  but  remain  within 
a  certain  volume  without  exerting  any  outward  pressure. 

In  the  gaseous  state,  on  the  oilier  hand,  (lie  molecules  are  removed  quite 
beyond  the  sphere  of  their  near  mil  attractions,  ami  travel  onward  in  straight 
lines  according  to  the  ordinary  laws  of  motion.  When  two  such  molecules 
meet,  iliey  lly  s i J :■ : 1 1- 1 .  from  each  other,  fur  the  most  pan.  with  a  velooiiy 
equal  to  that  with  which  tbey  came  together.  Tim  perfection  of  the  gaseous 
state,  however,  implies:  —  1 .  That  the  space  actually  occupied  by  the  mole- 
cules of  the  gas  be  infinitely  small  in  comparison  witli  the  entire  volume  of 
the  gas. — 2.  That  the  time  occupied  in  the  impact,  of  a  molecule,  either 
against  another  molecule  or  against  the  sides  of  the.  vessel,  be  infinitely 
small  in  comparison  with  the  interval  between  any  two  impacts.  —  3.  That 
the  iulluonee  of  the  molecular  forces  tie  inlinitcly  small.  When  these  con- 
ditions are  not  completely  fulfilled,  the  gas  partakes  more  or  less  of  the 
nature  of  a  liquid,  and  exhibits  certain  deviations  from' (iay-I.ussao  and 
Boylo's  laws.  Such  is,  indeed,  the  ease  with  all  known  gases;  to  a  very 
slight  extent  with  those  which  have  nut.  yet  been  reduced  into  the  liquid 
state;  but  to  a  greater  extent  with  vapors  ami  condensable  gases,  especially 
near  the  points  of  condensation. 

Let  us  now  return  to  the  consideration  of  the  liquid  state.  It,  has  been 
said  that,  the  molecule  of  a  liquid,  when  it  leavef.  I  hose  with  which  it  is  as- 
sociated, ultimately  takes  up  n  similar  position  witli  regard  to  other  mole- 
cules. This,  however,  does  not  preclude  t lio  existence  of  considerable  ir- 
regularities in  the  stomal  movements.  Now,  nt  the  surface  of  the  liquid,  it 
may  happen  that,  a  particle,  by  a  peculiar  combination  of  the  rectilinear, 
rotatory,  and  vibratory  movements,  may  be  projected  from  the  neigh  timing 
molecules  with  such  force  a*  to  throw  ii  eoojplolely  out  of  their  sphere  of 
action  before  its  projectile  velocity  can  lie  annihilated  by  the  attractive 
force  which  they  exert  upon  it.  The  molecule  will  i  hen  be  driven  forward 
into  the  space  above  (he  liquid,  us  if  it  belonged  io  a  gas,  and  that  space, 
if  originally  empty,  will  in  consequence  of  the  act-ion  just  described,  become 
more  and  more  tilled  will)  these  projected  molecules,  which  will  compoci. 
themselves  within  it  exactly  like  ji  gas,  impinging  and  o.Wrtitig  pressure 
upon  the  sides  of  the  envelope.      One  of  these  sides,  however,  is  formed  by 
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the  surface  of  the  liquid,  ami  when  a  mo'cculo  impiivgci  upon  this  surface, 
it  will,  in  general,  not.  be  driven  back,  liut  retained  by  the  attractive  forces 
of  the  other  molecules.  A  stale  of  equilibrium,  mil  static,  but  dynamic, 
will  therefore  be  attained,  when  the  number  of  molecules  projected  in  a 
given  time  into  the  -space  above,  is  equal  to  i  lie  number  which  in  tho  same 
time  impinge  upon  and  arc  retained  by  the  surface  of  the  liquid.  This  is 
the  process  of  vaporization.  The  density  of  the  vapor  required  to  insure 
the  compeniation  just  mentioned,  depend-;  upim  toe  rate  tit  which  the  par- 
ticles are  projected  IVoin  l-hc  surface  of  the  liquid,  and  this  again  upon  the 
rapidity  of  their  movement  within  the  liquid,  that  if  to  say,  upon  the  tem- 
perature. It  is  clear,  therefore,  thai  (lie  density  of  a  saturated  vapor  must 
increase  with  the  temperature. 

If  the  space  above  the  Liquid  is  previously  tilled  with  a  gas,  the  molecules 
of  this  gas  will  impinge  upon  I  he  surface  of  the  liquid,  and  thereby  exert 
pressure  upon  it;  bat-  as  these  gas-molecules  occupy  but  an  extremely  small 
proportion  of  the  spnee  above,  the  liquid,  the  roti-iicles  of  the  liquid  will  be 
projected  into  that  space  almost  as  if  it  were,  empty.  In  the  middle  of  the 
liquid,  however,  the  c.-dcr-nal  pressure  of  t  lie  gas  ;tcis  in  a  different  manner, 
There  also  it  may  huppeti  that  the  molomilos  may  ho  separated  with  such 
foreu  as  to  pro-luce  a  small  vacuum  in  the  midst-  ol'ihe  liquid.  But  this 
space  is  surrounded  on  all  shies  by  masses  which  afford  no  passage  to  the 
disturbed  molecules;  and  in  order  that,  (hoy  may  increase  to  a  permanent 
vapor-bubble,  the  number  of  mu'eeulos  projected  from  the  inner  surface  of 
the  vessel  must  be  sue!)  as  to  produce  a  pressure  outwards  equal  to  the  ex- 
ternal pressure  ten: ling'  to  compress  the  vapor- bubble.  The  boiling  of  the 
liquid  will,  therefons,  be  higher  as  this  external  pressure  is  greater. 

According  to  litis  view  of  the  process  of  vaporization,  it  is  possible  that 
vapor  may  rise  from  a.  solid  a.s  well  its  from  a  liquid  ;  but  it  by  no  means 
necessarily  follows  that  vapor  must  bo  formed  I  rout  all  bodies  at  all  tempera- 
tures. The  force  which  bolils  together  lite  molecules  of  a  body  may  he 
too  great  to  be  overcome  by  any  eioobinatiou  of  .molecular  movements,  so 
long  as  the  tempera.!  are  does  not  e.\eecd  :i  certain  limit. 

The  production  ami  consumption  of  hvit.  which  accompany  changes  in  the 
stats  of  aggregation,  or  of  i.he  volume  of  bodies,  are  easily  explained,  ac- 
cording to  the  preceding  principles,  by  tailing  account  of  (he  work  done  hy 
the  acting  forces.  This  work  is  partly  o.uniiii  to  the  body,  partly  internal. 
To  consider  first  the  internal  work: 

When  i.he  molecules  of  a  body  change  their  relative  positions,  the  change 
may  take  place  either  in  aooordanoe  with  or  iu  opposition  to  the  action  of 
the  molecular  forces  existing  within  the  body.  In  the  former  case,  the 
molecules,  during  the  passage  from  tote  slate  l-o  the  other,  have  a  certain 
velocity  imparted  to  thetn,  which  is  immediately  converted  into  heat;  in  the 
latter  case,  the  velocity  of  their  movement,  and  consequently  the  tempera- 
ture of  the  body,  is  diminished.  In  the.  passage  from  the  solid  to  the  liquid 
state,  the  molecules,  itb.hough  not  rcomved  from  the  spheres  of  their  mutual 
attractions,  nevertheless  change  their  relative  positions  in  opposition  to  the 
molecular  forces,  which  forces  have,  therefore,  to  be  overcome.  In  evapo- 
ration, a  certain  number  of  the  molecules  are  completely  separated  from  the 
remainder,  which  again  implies  the  overcoming  of  opposing  forces.  In 
both  cases,  therefore,  work  is  done,  and  a  certain  portion  of  the  working 
force  of  the  molecules,  that  is,  of  the  .heat  of  the  body,  is  lost.  But  when 
once  the  pcrfeet  gaseous  state  is  ailaioeil.  the  mo-ocular  forces  are  com- 
pletely overcome,  ami  any  I'urlher  expansion  amy  take  piaee  without  inter- 
nal work,  and,  there  fere,  ivithoul  Los*  el'  heat .  provided  there  is  no  external 
resistance. 

But  in  nearly  all  eases  of  change  of  slale  or  volume,  there  i-  n  oet-ioln 
amount  of  external  resistance  io  be  overcome,  ami  it  corresponding  loss  of 
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heat.  When  the  pressure  of  a  ^as.  I  lml.  is  to  say,  the  impact  of  its  atoms, 
is  eierted  against  iv  mnvalilr  obstacle,  such  sis  :l  piston,  the  molecules  lose 
just  so  much  of  their  moving  jjoh-ci-  as  they  have  ho  par  ted  to  the  piston, 
and,  consequently,  their  velocity  is  diminished  unit  the  temperature  lowered. 
On  the  contrary,  when  a  teiii-  is  compressed  by  ilm  motion  of  a  piston,  its 
molecules  are  driven  bad;  ivit.h  greater  velocity  than  that  with  which  they 
impinged  on  the  piston,  and,  consequently,  the  temperature  of  the  gas  is 
raised. 

When  a  liquid  is  converted  into  vapor,  the  molecules  have  to  overcome 
the  atmospheric  pressure  or  other  external  resistance,  and,  in  consequence 
of  this,  together  with  the  internal  wort  alvca.dy  spoken  of,  a  large  quantity 
of  heat  disappears,  ov  is  rendered  hit'M,  the  ijoanrity  :1ms  consumed  being, 
to  a  considerable  extent,  afl'oeted  by  the  external  pressure.  The  liquefac- 
tion of  a  solid  not.  hciiiji  attended  with  much  increase  of  volume,  .involves 
but  little  external  work:  nevertheless  the  atmospheric  pressure  does  in- 
fluence, to  a  slight  amount,  hoth  the  latent  heal  of  fusion  and  the  melting- 
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TWO  views  have  been  entertained  rospoeiiiig  the  nature  of  light.  Sir 
Isaac  Newton  imagined  that  luminous  bodies  emit,  or  shoot  out,  infi- 
nitely small  particles  hi  straight  lines,  which,  by  peiiet-raring  tile  transparent 
parts  of  the  eye  and  fulling  upon  the  nervous  tissue,  produce  vision.  Other 
philosophers  drew  a  parallel  between  the  properties  of  light  and  those  of 
sound,  and  considered  Ilia',,  as  sound  is  ecrlainly  the  effect  of  undulations, 
or  little  waves,  propagated  through  elastic  bodies  in  nil  directions,  so  light 
might  he  nothing  move  than  the  consequence  of  similar  undulations  trans- 
mitted with  inuon isni villi) i;  velocity  through  a  highly  clastic  medium,  of  ex- 
cessive tenuity,  rilling  alt  space,  and  occupying  the  iulecvals  between  the 
partieles  of  materia]  substances.  To  this  modiuui  thev  gave  the  name  of 
ether.  The  wave  hypothesis  of  light,  is  at  present  generally  adopted.  It.  is 
in  harmony  with  rill  tho  laiov.ii  phenomena  discovered  since  the  time  of 
Newton,  not  a  few  of  which  were  firsi  deduced  inun  ibe  nndulstory  theory, 
and  afterward?  verified  by  experiment..  Several  well-known  facts  are  in 
direct  opposition  to  (lie  theory  of  emission. 

A  my  of  light  emitted  from  a  luminous  body  proceeds  in  a  straight  line, 
and  with  extreme  velocity.  Certain  asl  noiomiosl  observations  afford  the 
means  of  appro  ximai  in  ft  to  a  knowledge  of  this  veloeity.  The  satellites  of 
Jupiter  revolve  about  the  planet  in  the  same  manner  as  the  moon  about  the 
earth,  and  the  time  required  by  each  satellite  for  the  purpose  is  exactly 
known  from  its  periodical  entry  into  or  evil-  from  the  si i allow  of  the  planet. 
The  time  required  by  one  is  only  M  lion  vs.  I'dmer,  the  astronomer  of 
Copenhagen,  found  Uiii-i  this  period  appeared  10  be  longer  when  the  earth, 
in  its  passage  round  the.  sun,  moved  from  the  pis  net  Jupiter;  and,  on  the 
Contrary,  he  observed  i.lint  the  periodic  time  appeared  i.o  be  shorter  when 
the  earth  moved  in  the  direction  towards  Jupiter.  The  difference,  though 
very  small  for  a  single  re  volution  of  the  saicilitc,  increases,  by  the  addition 
of  many  revolutions,  during  the  passage  of  the  earih  from  its  nearest  to 
its  greatest  distanoo  from  Jupiter,  ihal.  is.  in  aboui  half  a  year,  till  it- 
amounts  to  16  mhuil.es  mid  1(1  seconds.  Homer  concluded  from  this,  that 
the  light  of  the  sun,  reflected  from  the  satellite,  required  that  time  to 
pass  through  a  distance  equal  to  (he  diameter  of  the  orbit,  of  the  earth; 
and  since  this  place  is  liil.le  short  of  -00  millions  n:"  miles,  the  velocity  of 
light  cannot  be  less  than.  L'Oi't.mtO  miles  in  a.  second  of  time.  It  will  be  seen 
hereafter  that  this  rapidity  of  iransmi-sion  is  rivalled  by  (hat  of  electricity. 
Another  astronomical  phenomenon,  observed  and  correctly  explained  by 
Bradley,  the  aberration  of  the  fixed  stars,  leads  to  the  same  result.  Phy- 
sicists have,  moreover,  succeeded  in  measuring  the  velocity  of  light  for 
terrestrial,  and,  indeed,  eonipa.rntlvcly  small  disiancos;  the  results  of 
these  experiments  essentially  correspond  with  those  given  by  astronomical 
observations. 

When  a  ray  of  light-  falls  upon  a  boundary  be.iv.e.eu  two  media,  a  part  of 
it,  and,  in  exceptional  eases,  the  whole,  is  rehc.c-tod  into  the  first  medium, 
whilst  the  other  part  penetrates  the  second  medium. 

The  law  of  regular  rellect-ion  is  extremely  simple.  If  a  lino  be  drawn 
perpendicular  to  the  siurfaee  upon  which  the  ray  falls,  and  the  angle  con- 
tained between  the  ray  and   the   perpendicular  measured,  it  will  he  found 
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that  the  ray,  after  reflection,  takes  such  a 
pendicular  an  equal  angle  i 


,b  to  make  with  the  per- 

i:  opposite-  side  i>l'  the  hitler.  A  ray  of  ligliL 
R,  falling  at  the  point  p,  will  be  reflected 
in  tlia  direction  1'k',  making  the  angle 
R'rr'  equal  to  the  angle  kpp';  and  a  raj 
from  the  point  r  falling  upon  the  same  spot 
will  be  reflected  to  t'  in  virtue  of  the  same 
law.  Further,  it  is  to  he  observed  that  the 
incident  and  reflected  rays  are  always  con- 
tained in  the  same  normal  plane. 

The  same  rule  holds  good  if  the  mirror 

he   curved,  as  a  portion  of   a  sphere,  the 

.1   being   considered    as   made  up  of  a 

multitude   of    little   planes.      Parallel   ray  a 

ccasB  to  be  ao  when  rp.fleci.ed  from  curved  surfaces,  becoming  divergent  or 

convergent  according  us  the  relied  iu.s  surface  is  convex  or  concave. 

Codies  with  rough  uul  uneven  surfaces,  the  smallest  parts  of  which  are 
inclined  towards  Ciich  oilier  without,  order,  relleei.  ihe  light,  diffused.  The 
perception  of  bodies  depends  upon  !  ho  ilitfusud  rotleeled  light. 

It  has  just  been  staled  thai  light  passes  in 
Jty-53.  straight  line?;  but  I  his  is  true  only  so  long  as 

Ji.  .  j  the  medium   through   which   it  travels  pre- 

\  '*  serves  the  same  density  and  the  same  chemi- 

\      |  eal  nature;    when  this  censes  to  be  the  case, 

\^  the  ray  of  lighl  is  bent  from  its  course  into  a 

tr~'~_'_^,   ~-,,_  ~\        new  one.   or  is  said  lo  be  refftfAijl, 

'TOl.    ■  _TfpB-~,  Vj-"--._ ^_  _(  '"''■  >'■  '"-'  a  ray  of  light  falling  upon  a  pink1 

of  some  transparent  substance  with  parallel 
sides,  such  as  a  piece  of  thick  plnl.o  glass,-- 
in  short,  any  transparent  homogeneous  ma- 
te rial  which  is  either  nuii-orysialiine.  or  crys- 
tallizes in  the  regular  syslent;  and  let  a  be 
its  poiot.ofcontaetwit.il  the  upper  surface. 
The  ray,  instead  of  holding  a  straight  course 
and  passing  into  the  glass  in  the  direct  inn  i  n,  i\  ill  bo  bout  downwards  to 
0  ;  and,  on  leaving  the  glass,  and  issuing  into  tiie  air  on  the  other  side,  it 
will  again  be  beni,  but  in  the  opposue  direction,  so  as  to  make  it  parallel 
ki  the  continuation  of  iis  fori  nor  track,  provided  I  here  be  one  and  the  same 
medium  on  the  upper  and  lower  side  of  the  plate.  The  general  law  is  thus 
expressed:  —  When  the  ray  passes  from  a  race  ton  denser  medium,  it  is 
visually  rcfr noted  toirurd--:  u  lino  perpendicular  10  ihe  surface  of  the  hitler; 
and  conversely,  when  it.  leaves  a  dense  medium  for  a  rarer  one,  it  is  re- 
fracted /rum  a  line  perpendicular  lo  i  he  surface  of  i  lie  denser  su balance  ;  in 
the  former  case  the  angle  of  incidence  is  greater  than  Unit  of  refraction;  in 
the  latter  it  is  less.  In  both  oases  Ihe  direction  of  the  refracted  ray  is  in 
the  plane  r  a  s,  which  is  formed  by  the.  falling  ray  and  the  perpendicular 
s  a  drawn  from  the  spot  where  the  ray  is  re  Ira  clod  ;  the  angle  ns  =  l!is', 
is  called  the  angle  of  incidence.  The  angle  i:-  a  s'  is  called  the  angle  of  re- 
fraction. The  difference  of  those  t  wo  angles,  thai  is,  Ihe  angle  CAJ,  is  the 
refraction. 

The  amount,  of  refraction,  for  the  same  medium,  varies  with  the  obliquity 
with  which  the  ray  sir  ikes  the  sui  face.  When  perpendicular  to  Ihe  latter, 
the  ray  passes  without  change  of  direct  ion  at  all :  and  in  other  positions, 
tiie  refraction  increases  with  Ihe-  obliquity. 

Let  B-  represent  a  ray  of  lig'm  Jailing  upon  Ihe  surface  of  a  mass  of  plate 
glass  at  the  point  a.  From  this  point  lei  a  perpendicular  fall  and  he  con- 
tinued into  the  new  medium  t   and  around   (hi:1   *ame  point,  as  a  centre,  let 
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a  circle  be  drawn.     According  lo  the  law  just  stated,  the  refraction  must 

bo  toward*  Hit  perpendicular;   in  Hie  direction  a  k',  for  cuampfe.      Let  the 
lines  «— a,  a' — «',   a(  right,  angles  to  the  per- 
pendicular,  be  drawn,  and  their  length  com-  Fiy.ii. 
pared  by  means  ill'  a  scale  of  equal  parts,  and 
noted;   their  length  will  in  t" 
be  in  the  proportion  of  8  b 
are  termed  the  suits  of  the  angh 
and  refraction  respectively. 

iHovr  let  another  ray  be  tat 
it  is  refracted  in  the  same  mai 
bending    being    greater    from    the    increased 
obliquity  of  the  ray;    but  what  is  very  re- 
markiibie,   if  Ihe  sines  of  the  (wo  new  angles  '^'  ■,....      i.i       .  >■■  . 

of   incidence    and    refrnolioit  be    iipiiu    com-  "    ~__l'..-7       . 

pared,  they  will  still  tie  found  to  bear  to  each  I     ■*' 

other  the   proportion  of  '■'>  to  '>.     The  fact  is 

expressed  by  saying,  that,  so  long  as  the  light  passes  frum  one  to  the  other 
of  the  same  two  media,  the  ruin/  of  ihe  ibw/  of  Ihe  /males  of  incidence  and  re- 
fruzlum  i>:  c:mni.ant.     This  ratio  is  called  the  fiimr.  i-.frrjrat.tum. 

Different  bodies  ';o^se;,J  .iiii'erent  refractive  powers;  Generally  speaking, 
the  densest  substances  refract  most.  Combustible  bodies  have  been  noticed 
to  possess  greater  rei'metive  power  than  their  densby  would  indicate,  and 
from  this  observation  .Sir  I.  Newton  predicted  the  condmstihle  nature  of  the 
diamond  long  before,  anything  was  known  respoei  ing  'tis  chemical  naturo. 

.The  method  adopted  for  describing  [tie  comparative  refractive  power  of 
different  bodies,  is  to  state  the  ratio  borne  by  the  sine  of  the  angle  of  inci- 
dence in  the  first  medium,  and  on  Ihe  boundary  of  (lie  second,  to  the  sine 
of  the  angle  of  refraction  in  this  second  medium;  this  is  called  the  mite  of 
refraction  of  the  two  subs-lauces;  il  is  gi'ealer  or  less  than  unity,  according 
as  the  second  medium  is  denser  or  rarer  than  (he  first.  In  the  case  of  air 
and  plate  glass  the  index  of  refraction  is  1-6. 

"When  the  index  of  refraction  of  any  particular  substance  is  onco  known, 
the  effect  of  the  latter  upon  a  ray  of  light  emeriti;;  it  in  any  position  can  be 
calculated  by  the  law  of  sines.  The  following  (aide  exhibits  the  indices  of 
"  "  sveral  substances,  suppo-jiii:;   the  ray  to  pass  into  them  from 


theft! 


Taba-dicer* 


.  1-8 


Water 1-34 

Fluor  spar J  -40 

Plato  glass  ....  1-50 
Rock-crystal  ....  1-80 
Chrysolite  .  .  .  .  1-89 
Bisulphide  of  carbon    .  1*70 


:::■■ 


ifrnction, 


Garnet. 

Class,  iv i i  li  much  o-ii.h 
of  lead      .... 

Zircon    

Phosphorus .... 
Diamond  .... 
Chromate  of  lead  .  . 
Cinnabar    .... 


"When  a  luminous  ray  enters  is  uiassof  substance 
(litfe ring  in  refractive  power  from  the  air,  and  whose 
surfaces  are  tn.it  parallel,  il  becomes  permanently 
deflected  friuu  its  course  and  aliered  in  its  direction. 
It  is  upon  tliis  principle  thai,  the  properl  :es  of  prisms 
and  lenses  depend.  To  take  an  example.  —  Fig.  55 
represents  a  triangular  prism  of  glass,  upon  the 
side  of  which  the  ray  of  light  a  may  be  suppoi 


id  to  fall.     This  ray  will 


is  ilepieit  in  tliv  joints  of  Hie  tunvihoo. 
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of  course  "be  refracted,  on  entering  the  glass,  towards  a  line  perpendicular 
I o  the  first  surface,  and  again,  I'roia  a  lino  perpendicular  10  the  second  sur- 
face on  emerging  into  the  air.  The  remit,  is  I  lie.  detlcoton  a  c  n,  which  is 
equal  to  the  sum  of  ibe  two  oelleeiiuns  wijen  t.kc  ray  undergoes  in  parsing 
through  llio  prism. 

A  convex  lens  is  thus  etui  hied  to  converge  rays  of  li  ■;■■]-.  falling  upon  il,  and 
a  concave  lensc  lo  separate  them  more  widely  :  each  separate  part  of  the 
surface  of  the  lens  pro; liming  its  own  independent  effect. 

The  light  of  the  sun  tun!  celestial  bodies  in  general,  as  well  as  that  of  the 
eleetrio  Spark  and  of  all  ordinary  tlaines.  is  of  :i  coin  pound  nature.  If  a  ray 
of  light  from  any  of  the  sources  nientioned  be  ad  mil  tod  into  a  dark  room  by 
a  small  hole  in  a-  shutter,  or  otherwise,  and  suffered  to  fall  upon  a  glass 
prism  in  tlte  manner  shown  in  li;;.  Si'i,  it  will  not  only  be  rof'vaclod  IVom  its 
straight  course,  but  will  be  decomposed  into  a  nntuber  of  colored  rays, 
which  may  be  received  upon  a  white  screen  placed  behind  the  prism.  When 
solar  light  is  employed,  the  colors  arc  extremely  brilliant,  and  spread  into 


an  oblong  apace  of  considerable  length.  The  upper  part  of  this  image,  or 
spectrum,  will  be  violet  mil  the  lower  red,  the  intermediate  portion,  com- 
mencing from  the  violet,  bum;;;  indigo,  blue,  green,  yellow,  and  orange,  all 
graduating  imperceptibly  inbj  each  other.  This  is  the  celebrated  experi- 
ment of  Sir  Isaac  N'owlon  ;  from  it.  lie  drew  the  inference  that,  white  light 
is  composed  of  seven  primitive  colors,  the  rays  of  which  are  differently  re- 
frangible by  the  same  medium,  anil  hence  capable  of  being  thus  separated. 
The  violet  rays  are  must,  refrangible,  mid  the  red  rays  least.* 

Bodies  of  the  same  mean  refraoli u;  power  do  not  'always  equally  disperse 
or  spread  out.  the  differently  colored  rajs  to  the  same  extent;  because  the 
principal  yellow  or  red  rays,  for  inslance,  tire  equally  refracted  by  two 
prisms  of  different  ma  i  e  rials,  it  ib.se  s  not  follow  tbul  I  he  blue  or  the  violet 
will  be  similarly  affected.  Hence,  prisms  of  different  varieties  of  glass,  or 
other  transparent  substances,  give,  under  similar  circumstances,  very  dif- 
ferent spectra,  both  us  respects  the  length  of  the  image,  and  the  relative 
extent  of  the  colored  bands. 

The  appearance  of  the  spectrum  may  also  vary  with  the  nature  of  the 
sourco  of  light;  the  investigation  of  these  differences,  however,  involves 
the  use  of  a  more  delicate  apparatus.  Fig.  57  shows  the  principle-  of  such 
an  apparatus,  which  is  called  a  x/vr./roi,;,-/,,:  The  light,  passing  through  a 
fine  slil,  .;■,  impinges  upon  a  Hint-glass  prism,  ;/,  by  which  it  is  dispersed. 
The  decomposed  ligh  I  emerges  from  the  prism  in  sever!*]  directions  between 
r  (red  rays)  and  e  {violet  rays) ;  and  the  spectrum  thus  produced  is  observed 
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by  the  telescope  t,  which  itcciio^  only  part  of  it  at  once;  but  the  several 
parts  maybe  readily  examined  by  turning  slightly  either  the  prism,  p,  or 


If  the  solar  speetri:r:i  be  examined  'n  Shis  lamr.iT,  numerous  dark  linos 
parallel  witli  tho  p.ilga  of  the  prism  are  observed.  They  were  discovered 
in  1802  by  Dr.  IVollasion.  and  snbscnr.iord.lv  nunc  minutely  investigated  by 
Fraunhofer.  They  are  aenerally  known  as  Fraoidioler's  lines.  These  dark 
lines,  which  exist,  in  jcreai  uutuhevs,  a>id  of  very  varying  strength,  are  ir- 
regularly distributed  over  the  whole  spectrum.  Soma  of  them,  in  con- 
sequence of  their  peculiar  sli'Ciigth  and  choir  mutual  position,  may  always 
be  easily  recognized  ;  the  more  conspicuous  are  represented  in  fig.  58.  The 
same  dark  lines,  though  paler,  and  much  more  difficult  to  recognize,  are 
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ohserved  in  thp  spectrum  of  planers  lighted  by  the  sun;  for  instance,  in 
the  light  emanating  from  Venus.  On  the  other  hand,  the  dark  lines  ob- 
served in  the  spectra,  which  nre  producer!  by  I  lie  iiein  emanating  from  fixed 
stars  —  from  Siriiis,  for  Lust  since  —  differ  in  position  from  those  previously 
mentioned. 

Sources  of  light  which  contain  no  volatile  constituents  — incandescent 
platinum  wire,  for  example  —  furnish  continuous  spectra,  exhibiting  no  such 
lines.  But  if  volatile  subsmiees  be  present,  it.  tlio  source  of  light,  bright 
lines  are  ohserved  in  the  spectrum,  which  ;irc  frequently  characteristic  of 
the  volafile  substances. 

Professor  Plucker,  of  Bonn,  has  investijralcd  I  lie  spectra  which  are  pro- 
duced by  the  electric  light  when  developed  in  very  rarefied  gases.  lie 
found  the  bright  lines  and  t lie  slur!-:  stripes  ber.'.ven  the  lines  varying  con- 
siderably with  different  gases.  When  the  electric  light  was  developed  in  a 
HcsteabyGOOglC 
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mixture  of  two  gases,  the  spots  rum  thus  obtained  exhibited  simultaneously 
the  peculiar  spectra  Ix'-loiijiiii;;  io  the  two  j^a-sos  of  wdiich  (.lie  mixture  con- 
sisted. When  the  experiment.  was  made  in  jthscoils  compounds  capable  of 
being  decomposed  by  (lie  clocl  thai]  curve  at,  this  decomposition  was  indicated 
by  tins  spectra  of"  tin;  separated  constituents  becominc;  perceptible. 

Many  yours  ago  I  lie  spectra  ol'  colored  flames  wore  examined  by  Sir  John 
llerschel,  Fox  Talbot,  and  W.  A.  jMitlcr.  Within  the  last  few  years  results 
Of  the  greatest  importance  liavo   boon   obtained  by  Kirchhoff  and  Bunsen, 


who  have  investigated  the  spcclra  furnished  by  I  lie  Incandescence  of  vola- 
tile substances:  these  researches  have  enriched  chemistry  with  a  new 
method  of  analysis, — the  analysis  by  spectrum  observations.  In  order  to 
recognize  one  of  the  melals  of  the  alfcidies  of  of  the  alkaline  earths,  it  is 
generally  sufficient  to  introduce  n  tuiiiuic  quantity  of  a  moderately  volatile 
compound  of  the  metal  on  I  ho  loop  of  n  pint  in  am  v.1  ire  into  the  edge  of  the 
very  hot,  but  scarce!}  luminous  tlame.  of  a  imxlure  of  air  and  eoal-gas,  and 
to  examine  the  spectrum  which  is  furnished  by  the  flame  containing  the 
vapor  of  the  metal  or  its  compound.  Fig.  u!>  exhibits  the  apparatus  which 
is  used  in  performing  experiments  of  this  description.  The  light  of  !ho 
flame  in  which  the  metallic  compound  is  eviiporarcd  passes  ihrougli  the  iine 
slit  in  the  disc,  -n,  info  a  Inhe,  the.  opposite  cud  of  which  is  provided  with  a 
convex  lens.  This  lens  collects  the  rajs  diverging  liom  the  slit,  and  throws 
them  parallel  upon  the.  prism,  p.  The  light,  is  decomposed  by  the  prism, 
atel  the  spectrum  III  us  obtained  is  observed  by  means  of  Hie  telescope,  which 
may  be  turned  round  the  axis  of  the  statu!  carrying  the  prism.  Foreign 
light  is  excluded  by  an  appropriate  covering. 

The  limits  of  this  clemenlai-y  treatise,  do  not.  [nirmil  us  to  describe  the 
ingenious  arrangements  which  have  been  contrived  for  sending  the  light 
from  different  sources  throufrh  the  same  prism  ai  different,  heights,  whereby 
their  spectra,  the  solar  spectrum,  fur  insunce.  ami  that,  of  a  flame,  may  be 
placed  in  a  parallel  position,  the  cue  abnve  the  other,  mid  thus  be  compared.* 
The  spectra  of  flames  in  which  different  substances  are  volatilized  frequently 
exhibit  such  characteristically  distinct  phenomena,  that,  they  may  be  used 
with  the  greatest,  advantage  i>r  I  he  discrimination  id'  these  substances.  Thus 
the  spectrum  of  a  flame   containing;  sodium  i.Na)  exhibits  a  bright  line  on 

*  Km  tho  article  "  Smtctrat  Aoid.v.k:>  by  Prof.  Jtaiw,  in  Wiitts's  Dictionary  of  Chemistry, 
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the  yellow  portion,  the  spectrum  of  pota-sinni  (K"j  a  characteristic  bright 
line  at  lie  extreme  limit  of  the  red,  and  a.iu.uhcr  ai  (lie  opposite  violet  limit 
of  the  spectrum.  Lithium  ( l.i)  chows  a  bright  brilliant  line  in  the  red,  and 
a  paler  line  in  the  yellow  portion  ;  strontium  (Hv)  a.  bright  line  in  the  blue, 
one  in  the  orange,  and  six  less  distinct  ono  in  iho  rod  portion  of  the  spec- 
trum. The  diagram  (lig-  r>8 )  exhibits  iho  most  remarkable  of  the  dark 
lines  (Fraunhofer's  lines),  and  the  position  of  tho  bright  lines  in  the 
spectra  of  flames  containing  tho  vapors  of  compounds  of  the  several  metals 
enumerated. 

Tho  delicacy  of  these  spectra.'  reactions  in  very  considerable,  but  unequal 
in  the  ease  of  different  metals.  The  presence  of  ,,-,■■„',,..,„  grain  of  sodium 
in  the  flame  is  still  Busily  recognisable  by  tho  briglu  yellow  line  in  the 
spectrum.  Lithium,  when  introduced  in  tin;  form  of  a  volatile  compound, 
imparts  to  the  flame  :t  red  color;  but  this  Coloration  is  no  longer  perceptible 
when  a  volatile  sodium  compound  is  simultaneously  present,  the  yellow 
coloration  of  the  flame  predominating  under  such  circumstances.  On  tho 
other  hand,  when,  a  mixture  of  one  part  of  lithium  and  1000  parte  of 
sodium  is  volatilized  in  :i  thtuie,  the  specirum  of  the  tlnmo  exhibits,  together 
with  the  bright  yellow  sodium  line,  likewise  the  red  line  characteristic  of 
lithium.  Tho  observation  of  bright  lines  not  belonging  to  any  of  the  pre- 
viously known  bodies  has  led  to  the  discovery  of  new  elements.  Thus, 
Bunscn  and  Kirohl.off,  when  examining  the  spectrum  of  a  flame  in  which  a 
mixture  of  alkaline  suit  was  evaporated,  observed  some  bright  lines,  which 
could  not  be  attributed  to  any  of  the  known  elements,  and  were  thus  led  to 
the  discovery  of  the  two  now  metals,  cuisiusn  and  rubidium.  By  the  aame 
method  a  new  element  thallium,  has  bee';  more  recently  discovered  by  Mr. 
Crookes. 

For  the  examination  of  the  bright  lines  in  the.  speolra  of  metals,  the 
cleolr'c  spark,  passing  between  tw  o  points  of  tho  metal  under  examination. 
may  be  conveniently  employed  as  a  source  of  light  Umall  quantities  of 
the  metal  are  invariably  volatilised :  and  the  speelrurn  developed  by  the 
electric  light  exhibits  the  brighi  lines  eh  arac  I  eristic  of  i  lie  metal  employed. 
These  lines  were  observed  by  Wheaistono  as  early  as  18ibj.  This  method  of 
invesligaliou  is  move  especially  applicable  to  llu:  examination  of  the  spcclva 
of  I  lie  heavy  metals. 

'  !S  of  theoretical  considerations,  Professor  Kirchhnu'  ba.s  arrived 
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spectrum.  KirohholV  and  Buuscn  have  fully  coniirtaed  (his  conclusion  by 
experiment.  Thus  it  volatile  lithium  suit  produces,  as  jusl  pointed  out,  a 
very  distinct  bright  line  in  Hie  red  portion  (if  the  spec' rum  ;  l.uu  if  bright 
sunlight,  or  the  light,  emitted  by  a  solid  body  heated  to  the  most  powerful 
incandescence,  he  allowed  in  fall  through  Iho  tla.tue  upon  the  prism,  the 
spectrum  exhibits,  in  the  place  of  this  bright  line,  a  black  line  similar  in 
every  respect  to  Fraunhofer's  lines  in  the  solar  speclrum.  In  like  manner 
the  bright  strontium  lino  is  reversed  in  so  a  dark  line.  Kirchhoff  and  Bunsen 
have  expressed  the  opinion  that  all  the  Fran n holer  lines  in  the  solar  spec- 
trum are  bright  lines  thus  reversed.  In  [heir  conception,  the  sun  is  sur- 
rounded by  aluminous  a  i  m  osp  here,  containing  a  certain  number  of  volatilized 
substances,  which  would  give  rise  in  iho  spectrum  to  certain  bright  lines, 
if  the  light  of  the  sola.)1  atmosphere  akmo  could  reach  the  prism;  but  the 
intense  light  of  the  powerful  incnsidesceui  body  of  she  sun  which  passes 
through  the  solar  atmosphere,  causes  these  blight  lines  to  be  reversed,  and 
to  appear  as  dark  lines  on  the  ordinary  solar  spectrum.  Kirchhoff  and 
Bunsen  have  thus  been  enabled  to  a  I  tempi  I  he  investigation  of  the  chemical 
constituents  of  the   solar  atmosphere,  by  ascertaining  the  elements  which, 
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when  in  the  state  of  incandosconl  v^mr,  develop  bright  spectral  lines,  co- 
inciding with  Frsiun  holer's  lines  in  Ihe  solnr  spectrum,  i'raiuihofer's  lino 
il  (tig.  08}  coincides  iii'.mt  aecnriticiy  with  the.  bright  ^}n'i:lritl  lino  of  sodium, 
nnd  mity  be  ii  j<  ilioially  produced  by  reversing  the  latter;  soil  ii  an  won  id  thus 
appear  to  be  a  eonsTitueni  of  trie,  solar  nt  Unisphere.  Kirchhon'  has  proved, 
moreover,  that  sixty  bright  linns  perceptible  in  the  spectrum  of  iron  cor- 
respond, both  as  t.o  position  sun!  distinction,  mosi  o.xnclly  with  the  same 
number  of  dark  lints  in  the  solar  speci  riim  ;  and,  accordingly,  he  believes 
iron,  in  the  state  of  vapor,  to  be  present  in  the  solar  atmosphere.  In  a 
similar  manner  tli is  physicist,  bus  endeavored  to  establish  the  presence  of 
several  oilier  elemeuis  in  the  solar  atmosphere. 

Absorption  Spectra.  —  The  relative  quantities,  of  the  several  colored  rays 
absorbed  by  a  colored  medium  of  gi  von  thickness  ma;  bt  observed  by  view- 
ing a  line  of  light  through  a  jjrisin  ami  iho  colored  medium  ;  the  spectrum 
will  then  be  seen  to  be  diminished  in  iirighinrss  in  some  parts,  and  perhaps 
cut  off  altogether  in  others.  This  mode  of  observation  is  often  of  great  use 
in  chemical  analysis,  its  many  colored  substances  when  thus  examined  afford 
very  characteristic  spectra,  tin-  peculiarities  of  which  may  often  be  dis- 
tinguished, even  though  the  solution  of  the  substance  under  examination 
contains  a  sufficient  amount  of  colored  impurities  to  change  its  color  very 
considerably.      The  following  iuel.lii.nl  of  making  the  observation  is  given  by 


A  small  prism  is  to  be  chosen  of  dense  Hint  glass,  ground  to  an  angle  of 
60°,  and  just  large  enough  to  cover  the  eye  comfortably.  The  top  and 
bottom  should  be  flat,  for  convenience  of  holding  iho  prism  between  the 
thumb  and  forc-lingor.  Mini  lining  it.  down  on  a  table,  so  as  not  to  scratch 
or  soil  the  faces.  A  line  line  of  light-  is  obtained  by  making  a  vertical  slit 
in  a  board  six  inches  square,  or  it  little  lunger  in  a  horizontal  direction,  and 
adapting  to  the  aperl  tiro  I  wo  pieces  of  thin  metal.  One  of  the  metal  pieces 
is  movable,  to  allow  of  altering  ihe  breadth  of  the  slit.  About  iho  fiftieth 
of  an  inch  is  a  suitable  breadth  for  ordinary  purposes.  The  board  and 
mora)  nieces  should  be  well  blackened. 

On  holding  the  hoard  sit  arm's  length  against  the  sky  or  n  luminous  flame, 
the  slit  being,  wo  will  suppose,  iu  a  vertical  1  direction,  and  viewing  the  line 
of  light  thus  formed  through  the  prism  held  close  to  the  eye,  with  its  edge 
vertical,  a  pure  spectrum  is  obtained  ai  a  proper  azimuth  of  the  prism. 
Turning  the  prism  round  its  avis  niters  ihe  focus,  ami  the  proper  focus  is 
got  by  trial.  The  whole  of  the  spectrum  is  not,  indeed,  in  perfect  focus  at 
once,  so  that  in  serniiniiing  one  purl  tiller  ;i  n other  it  is  requisite  to  turn 
the  prism  si.  little.  iVhcn  daylight  is  used,  the  spectrum  is  known  to  be 
pure  by  its  show  intr  I  he  principal  fix  ml  line- ;  in  other  cases  the  focus  is  got 
hv  tho'enndilion  of  seeing  tlisl  ineily  the  oilier  objects,  whatever  thoy  iiciy 
be,  which  are  presented  in  the  spectrum.  To  observe  the  absorption-spec- 
trum of  a  liquid,  an  clastic  hand  is  put  round  the  board  near  the  top,  and  a 
test-tube  containing  the  liquid  is  slipped  under  the  band,  which  holds  it  in 
its  place  behind  the  slit.  The  .spectrum  is  Uicn  observed  just  as  before,  the 
test-tube  being  turned  from  the  eye. 

To  observe  the.  whole  progress  of  the  absorption,  different  degrees  of 
strength  must  be  used  in  succession,  beginning  with  a  strength  which 
does  not  render  any  port-  of  the  .-peel  rain  absolutely  black,  unless  it  be  one 
or  moro  very  narrow  bands,  sis  otherwise  the  most  distinctive  features  of 
the  absorption  might,  be  missed.  If  ihe  solution  he  contained  in  a  wedge- 
shaped  vessel  instead  of  a  test-tube,  the  progress  of  the  absorption  msiy  be 
watched  in  a  continuous  uiiinnor  hy  sliding  i  he  vessel  before  the  eye.  Some 
observers  prefer  using  it  wedge-shuped  vessel  in  combination  with  the  slit, 


•Chen 


y/  Google 


LIGHT. 


91 


the  slit  being  perriondicttlar  in  ilm  edte  of  the  i»-fid™c.  In  ibis  ease  each 
element  of  tie  slit  forsns  an  elementary  speetrum  eon-es pending  to  a,  thick- 
ness of  til*  solution  v.diieh  increases  in  a  eoutinnous  mairacr  from  r.lu-  edge 
of  the  wedge,  where  it-  vanishes.  This  is  t  tie  mode  of  observation  adopted 
by  Gladstone.* 

Fig.  60  represents  the  eil'eot  produced  in  this  way  l>y  a  solution  of 
chromic  ohloride,  and  fig.  61  that  produoed  by  a.  solution  of  potassium 
permanganate. 


The  right-hand  side  of  these  figures  corresponds  with  the  rod  end  of  the 
apeotrnm;  the  letters  refer  to  Frannhofer's  lines.  The  lower  part  of  each 
figure  shews  the  pun*  spreisaim  sin:  si  llts'ough  tin;  i  hi  n  no  si.  part  of  the  wedge: 
and  the  progress  of  the  absorp;ioti,  as  I  In:  I  Ittekuess  of  tho  liquid  increases, 
is  seen  by  the  gradual  obliteration  of  the  spectrum  towards  the  upper  part 
of  the  figures. 

Fluorescence.  — An  e.vandual  inn  into  ji  peculiar  modr  of  analysis  of  light, 
discovered  by  Sir  John  Hcrschel,  in  a  solution  of  quinine  sulphate,  has 
within  the  last  few  years  led  to  1  ho  discovery  of  a  most,  remarkable  fact, 
Mr.  Stokes  has  observed  th.it  light  uf  cerium  re.  Ivan  nihility  and  colo"r  is 
capable  of  experiencing  a.  pecuiiar  in:iueiu:e  in  bring  dispersed  by  certain 
media,  and  of  undergoing  thereby  :tu  liberation  of  "is  it  frit  nubility  and  color. 
This  curious  change,  oa.ll.nl  fluorescence,  ran  lie  produoed  by  a  great  number 
of  bodies,  both  liquid  and  solid,  truuspn.reut  anil  opaque.  Frequently  the 
change  affects  only  tiie  extreme  limits:  ut  otber  limes  larger  port! Oils,  and 
in  ft  few  cases  even  the  whole,  or,  at  all  events,  the  major  part  of  the  spec- 
trum. A  dilute  solution  of  quinine  sulphate,  for  instance,  changes  the 
violet  and  the  dark-blue  light  to  sky-blue;  by  a  decoction  of  madder  in  a 
solution  of  alum  all  rays  of  higbci:  retVu  ugibilily  t.ltan  yollow  are  converted 
into  yellow;  by  an  alcoholic  solution  of  the  coloring  matter  of  leaves  all  the 
rays  of  the  spectrum  become  red.  In  all  cases  in  which  this  peculiar  phe- 
nomenon presented  itself  in  a  "rearer  or  less  degree,  Mr.  Stokes  observed 
that  it  consisted  in  a  diminution  uf  ihu  relVangibiliiy.  Thus,  rays  of  so 
high  a  degree  of  reiVangibiliiy,  that  they  extend  far  beyond  the  extreme 
limits  of  the  sped  rutu  visible  under  ordinary  circumstances,  may  be  ren- 
dered iuniinuii-,  and  eon  vest  ml  into  blue  and  oven  red  light. 


Double  Refraction  am>  Poi.akikation. — A  ray  of  c. 
to  pass  through  certain  crystals  of  a,  particular  order  is  t 
very  remarkable  change.     It  becomes  split,  or  divided  iio 
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which  follows  the  general  law  of  refraction,  while  the  other  takes  a  now 
and.  extraordinary  course,  dependent  en  Hie  position  of  Hie  crystal.  This 
effect,  which  is  called  dovU,<.  rdhicJion,  in  beautifully  illustrated  in  the  case 
of  Iceland  spar,  or  crystallized  calcium  curbonutc.  On  placing  a  rhomb  of 
this  substance  on  a  piece  of  white,  pupcr  on  which  a  mark  or  line  has  been 
made,  the  object  will  he  seen  double. 

Again,  if  a  ray  of  light  he  suffered  lo  full  on  a.  plai  e  of  glass  at  an  angle 
of  56°  45',  the  portion  of  I  lie  ray  whioh  strifes-  reelection  will  be  found  to 
have  acquired  properties  which  i!  did  nor.  before  possess  ;  for  on  throwing 
it,  at  the  Same  angle,  upon  a  second  glass  plate,  it,  will  be  observed  that 
there  are  two  particular  positions  or'  I  ho  hitler,  namely,  those  in  which  the 
planes  of  incidents  are  at  right  angles  to  one  mini  [lit,  when  the  ray  of  light 
is  no  longer  reflected,  hat.  entirely  refracted.  Liglil  which  has  suffered  this 
change  is  said  to  be  polarized. 

The  light  which  pusses  through  the  first  nr  po'itrizit:;;  plate  is,  also,  to  a 
Certain  extent,  in  this   peculiar   condition,  and   by  employing  a  series  of 
similar  plates  hold  parallel  io  the  first,  this  effect  may 
Fig.W..  ho    greatly    increased:    a  bundle   of   fifteen   or   twenty 

such  plates  m;iy  lie  used  v."ii  h  ft  re  at  convenience  fur  fin: 
experiment,  it  is  io  be  rcmarkiid,  also,  thai  the  light 
pfdari/eil  by  transmission  in  this  manner  is  in  an  oppo- 
site slate  10  111  eh.  polarized  by  reflection;  Unit  is,  when 
examined  by  a  second  or  •inslinuuj  plate,  held  at  the 
tingle  before  nienlioned,  it.  will  be  seen  io  be  reflected 
when  the  other  is  I  iniistniticd,  and  in  be  dispersed  when 
the  first  is  reflected. 

It  is  nor  oveiy  substance  wliieh  is  capable  of  polar- 
izing light  in  this  mariner;  glass,  water,  and  certain 
other  bodies  bring  about.  Hie  change  in  question,  each 
having  a  purlieus.:1  pobLi-izing  angle  ii!  wdiich  the  eiiVet 
is  greatest.  The  metals  also  can.  by  reflection,  polarize 
the  light,  but  they  do  so  very  imperfectly.  The  two  rays  into  which  a 
pencil  of  common  light  divides  itse.if  in  passing  through  a  doubly  refracting 
crystal  are  found  on  examination  to  be  polarized  in  a  very  complete  manner, 
and  also  transversely,  the  one  being  capable  of  reflection  when  the  other 
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The  two  ra.ys  are  said  to  he  polar 
ns.      With  a  rhomb  of  transparent  Iceland  spar  of  tolerably 
ns,  the  two  oppositely  polar i/ud  rays  may  ho  v,: id ely  separated 
ami  examined  apart. 

Certain  doubly  rcfrnmttfr  rryslirls  absorb  the  one  of  these  rays,  but  not 
the  other.  Through  a  nitre  of  such  a-  tryst  ill  one  my  passes  and  becomes 
entirely  polarized;  the  o'hor,  which  is  likewise  polarized,  hut  in  another 
plane,  ia  removed  bv  absorption.  The  besl  known  of  these  media  is  tour- 
maline. When  two  plates  of  this  mineral,  cut  parallel  io  the  axis  of  the 
crystal,  are  held  with  their  sixes  parallel,  as  in  fig.  fi",  light  traverses  them 
both  freely;  but.  when  one  of  their  is  turned  round  in  the  manner  shown  in 
lig.  U4.  so'as  io   make   the    axes  cross  at  right  angles,  the   light  in  almost 
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wholly  stopped,  if  the  tourmalines  arc  good.  A  plate  of  (lie  mineral  thus 
becomes  an  excellent  test  lor  discriminating  brlntmi  polarized  light  and 
that,  which  has  not.  undergone  the  change. 

Some  of  the  most,  splendid  phcnomeiin  of  Hip  science  of  light  are  ex- 
hibited ivhen  thin  phies  of  doubly  refracting  substances  arc  interposed 
between  the  polarizing  ui-rangeine-nt  and  the  analyier. 

Instead  of  the  tourmaline  plate,  w  hieh  is  always  colored,  frequent  use  is 
made  of  two  Nicliol's  prisms,  or  conjoined  prism.-  ol'  calcium  carbonate, 
which,  in  consequence  of  a  peculiar  cutting  anil  combination,  possess  flic 
property  of  nil  owing  only  one  of  the  oppositely  polari/cd  rays  to  pass.  A 
more  advantageous  method  of  cutting  and  combining  prisms  has  been  given 
by  M.  Foucault.  His  prisms  are  as  serviceable  a.-  and  less  expensive  than 
those  of  Nichol.  If  lire  Nichols  or  I'micault's  prisms  be  placed  one  behind 
the  other  in  precisely  similar  positions,  the  light  polarized  by  the  one  goes 
through  the  other  unaltered.  But,  when  one  prist!)  is  slightly  turned  round 
in  its  setting,  a  cloudiness  is  produced',  and  by  eotitinuiue:  to  turn  the  prism. 
tli  is  increases  until  perfect  darkness  ensues.  This  happens,  as  with  the  tour- 
maline plates,  when  the  two  prisms  cross  one  another.  The  phenomenon 
is  the  aame  with  colorless  as  with  colored  light. 

Circular  Polmu-z at ins. — Supposing;  I  bat  jn>inrl/,ed  light,  colored,  for  ex- 
ample, by  going  through  a  plaie  of  veil  glass,  has  passed  through  the  first 
Nichoi's  prism,  and  been  idiogetV,er  obstructed  in  consequence  of  the  posi- 
tion of  the  second  prism,  ihen,  if  between  the  two  prisms  a  plate  of  rock- 
crystal  formed  by  a  seel  ion  at  right  nodes  to  the  principal  a  sis  of  the  crystal, 
be  interposed,  the  light  polarized  by  the  first  prism  will,  by  passing  through 
the  plate  of  ipiartz,  he  enabled  pari  ially  to  pa.-s  (in  mi^ii  1  ho  second  [Sic lull's 
prism.  Its  passage  thro  ugh  the  see  nil  d  prism  can  then  again  be  interrupted 
by  turning  the  second  pi-i-in  round  to  a  eorlain  extent.  The  relation  re- 
quired varies  with  the  Ihiekness  ol"  the  plate  of  rock-crystal,  and  also  with 
the  color  of  the  light,  employed.  Tt  increases  from  red  in  the  following 
order  —  yellow,  green,  blue,  violet. 

This  property  of  rock -crystal  was  discovered  by  Arngo.  The  kind  of 
polarisation  has  been  called  circular  polarization.  Tho  direction  of  the 
rotation  is  with  ninny  plates  towards  ihe  right  hand  :  in  other  plates  it  is 
towards  the  left.  The  one  uluss  is  said  to  possess  right-handed  polarization, 
til e  other  class  left- ban. led  polarization.  For  a  long  time  quartz  was  the 
only  solid  boily  known  lo  ex.!) ibis  circular  polarizai  ion.  Others  have  since 
been  found  which  possess  this  property  in  a  far  higher  degree.  Thus,  a 
plate  of  cinnabar  acts  fifteen  simes  luore  powerfully  ihan  a  plate  of  quartz 
of  oi[!ial  thickness. 

liiot  observed  that,  many  solutions  of  organic  sub-lances  exhibit  the 
property  of  circular  polarization,  though  to  a  far  less  extent  than  rock- 
crystal.  Thus,  soliiiicns  of  cane-sugar,  glucose,  and  larFnric  acid,  possess 
right-handed  polarization :  wbilsl  albumen,  nuceysla.lli/ahle  sugar,  and  oil 
of  turpentine,  are  left-handed.  In  all  these  solutions  Ihe  amount  of  circular 
polarization  increases  with  the  concentration  of  Ihe  liquid  and  the  thickness 
of  the  column  through  which  i  tic  light  passes.  Hence  circular  polarization 
is  an  important  auxiliary  in  cheiniciil  n  mi  lysis.  In  order  to  determine  the 
amount  of  polarization  which  imy  lupinl  exhibits,  it  is  put  into  a  glass  tube 
not  less  than  from  ten  to  twelve  inches  long,  which  is  closed  with  glass 
plates.  This  is  then  piaeed  between  ihe  two  Michel's  prisms,  which  have 
previously  been  so  arranged  wiih  regard  to  each  other  that  no  light  could 
pass  through.  An  apparatus  of  this  description,  the  sacolmri  meter,  is  used 
for  determining  the  coo  cent  ration  of  solutions  of  cane-sugar. 

The  form  of  this  instrument  may  be  seen  in  fig.  (15.  The  two  Nicliol's 
prisms  are  enclosed  in  the  corresponding  fastenings  „  and  f>.  Between  the 
two  there  is  a  space  lo  receive  the  tube,  which  is  filled  with  the  solutl< 
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sugar.  If  the  prisms  are  crossed  in  tins  way  above  mentioned  before  the 
tube  is  put  in  its  place,  thai  is,  if  they  in-e  pliici'il  so  thai  no  light  passes 
tli  mil,  then  by  I  lie  notion  of  I  lie  sol  nihil)  of  sugar  Hi"  lip  I  it  is  enabled  io 
pass,  ajid  the  Nichols  prism,  a,  must  be  turned  through  a  certain  angle 
before  the  liglil  is  again  perfectly  slopped.  The  magnitude  of  this  angle  is 
observed  on  the  crj'-nL.i.i'  disk  «  t,  which  is  divided  into  degrees,  anil  upon 
which,  by  the  turning  of  i lie  prism,  nn  index  z  is  moved  along  the  division. 
When  the  lube  is  exactly  ton  inches  long,  and  is  closed  nt  both  eie.ls  by  flat 
glass  plates,  and  when  il  is  filled  wit.li  solution  containing  10  per  cent,  by 
weight  of  cane-sugar,  and  free  fieri  any  oilier  suVislauco  possessing  an  ac- 
tion on  light,  the  angle  of  rot.aiion  is  .l.:.b:Soc.  Since  the.  magnitude  of  this 
angle  stands  in  direct  relation  re  the  length  of  i.be  column  of  liquid  and 
also  to  the  quantity  of  sugar  in  sotniion,  it  is  clear  that  the  quantity  of 
sugar  in  any  given  solution,  when  the  length  of  the  column  of  liquid  is  I 
inches,  and   (.be  angle  of  rotation  is  a  degrees,  can  be   determined  by  the 

This  process  is  not  sufficient  when  the   solution  contains  cane-sugar  and 

uucrystallizabk   sugar:  for  the   latter  relate-;  the  ra.y  to  the  left;   in  that 
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case  only  the  difference  of  the  two  actions  is  obtained.  But  if  the  whole 
quantity  .if  su^nr  be  changed  iuio  iincvvsiiilli/ahU:  sugar,  and  the  experi- 
ment be  repeated,  then  from  the  results  of  the  two  observations  the  quan- 
tity of  both  kinds  of  sugar  can  easily  bo  calculated. 

It  is  difficult  to  tind  exactly  iliat  position  of  the  Niched' s  prisms  in  which 
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tlie  gro  ate  at  darkness  prevails.  To  make  tho  measurements  more  exact  and 
easy,  Soleil  lias  made  some  additions  to  the  apparatus.  At  <?,  before  the 
prism  b,  a  plate  or  rock-crystal  cut  at  right  angles  to  the  axis  is  placed. 
It.  is  divided  in  the  centre  of  the  Si  eld  of  vision,  hiilf  consisting  of  quarts 
rotating  to  tlio  right  hand,  and  hull'  of  (ho  variety  which  rotates  to  the  left; 
it  is  0148  inch  (ii'To  millimetre)  i  hick,  this  thickness  being  found  by  ex- 
periment to  produce  Hie  greatest  difference  in  the  Color  of  the  two  halves, 
when  one  prism  is  slightly  rolaled.  The  solution  of  sugar  has  precisely  the 
same  action  on  the  row  I  ion,  since  it  increases  the  action  of  tlio  half  which 
lias  a  right-handed  roiarion,  ami  lessens  the  net  ion  of  the  half  which  rotates 
to  the  left.  Hence  the  I  wo  halve?  will  illume  a  different  color  when  the 
smallest  quantity  of  sugar  in  present-  in  the  liquid.  By  slightly  turning  the 
Niohol's  prism  u,  this  difference  can  be  again  removed,  Soleil  has  intro- 
duced another  more  delieaie  means  of  offcoiing  this  a*  the  part  ji,  which  ho 
calls  the  compensator.  The  must  important  parrs  of  ibis  are  separately 
represented  in  fig.  Go.  It  consists  of  two  exactly  equal  right-angled  prisms, 
of  left-handed  quart/,  whoso  surfaces,  ('  and  <■,  are  tin  perpendicular  lo  the 
optic  axis.  These  prisms,  can,  by  means  of  the  screw  «  and  a  rack  and 
pinion,  be  made  to  slide  on  one  another,  so  that,  when  taken  together,  they 
form  0  plate  of  varying  thickness,  bounded  by  pantilel  surfaces.  One  of 
the  frames  has  a  .scale  p,  the  olher  a  vernier  n.  When  this  points  to  zero 
of  tho  scale,  the  optical  notion  of  the  two  prisms  is  exactly  compensated  by 
a  right-handed  plate  of  reek-crystal,  so  linn  a.o  elTeel  is  obtained  as  regards 
circular  polarization,  as  if  (he  whole  system  were  not  present.  As  soon, 
however,  as  tho  sercw  is  moved,  and  ibns  the  Ihiekness  of  the  plate  formed 
by  the  two  prisms  is  changed  (we  wilt  suppose  it-  increased),  then  a  left- 
handed  action  ensues,  which  must  be  prupcrly  rcgu-ai  od,  until  it  competi- 
aates  the  opposite  net  ion  of"  a  solo  lion  of  sugar.  Tims  a.  convenient  method 
is  obtained  of  rendering  the  oolnr  of  the  dm, ale  plate  uniform,  when  it  has 
ceased  to  bo  so  by  the  aeiion  of  the  sugar. 

Faraday  has  made  i  he  remarkable  di-oovery  that,  if  a  very  strong  electric 
Current  be  passed  round  a  substance  which  possesses  the  property  of  circular 
polarization,  the  amount  of  rotation  is  altered  to  a  considerable  degree. 

Heating,  Ann  Chemical  Rays  or  this  Pot.ah  Pt-ectrtth.. —  The  luminous 
rays  of  the  sun  are  accompanied,  as  already  mentioned,  by  others  which 
possess  beating  powers.  If  the  lemperniuro  of  iho  different-colored  spaces 
in  the  spectrum  be  i  tied  with  a  delicate  thermometer,  it  will  be  found  to  in- 
crease from  the  violet  lo  the  red  extremity,  and  when  the  prism  is  of  some 
particular  kinds  of  glass,  the  j-reates!  oiled  wili  be.  manifested  a  little  beyond 
the  visible  red  rays.  The  position  of  Die  greatest  heating  effect  in  the 
spectrum  materially  depends  on  the  absoi  ptive  nature  of  the  glass.  Trans- 
parent though  this  medium  is  to  the  rays  of  light,  it.  nevertheless  absorbs  a 

considerable  quantity    of  the   heat,  rays.      Ti sparenl    rock-salt  is  almost 

without  absorptive  action  on  the  thermal  rays.  In  the  spectrum  obtained 
by  passing  the  solar  rays  through  prisms  of  ruck-sal  I,  the  greatest  thermal 
eifeei  is  found  at  a  position  far  beyond  tiie  last  visible  red  rays.  It  is  in- 
ferred from  this  (hat  the  chief  mass  of  the  healing  rays  of  the  sun  are 
among  the  least  refrangible  component  s  of  the  solar  beam. 

Again,  it  has  long  been  known  that  chemical  changes  buth  of  combination 
and  of  decomposition,  but.  inure.  partioiilaaly  tiie  latter,  can  be  effected  by 
the  action  of  light.  Chlorine  mil  hyilru^en  combine  at.  common  tempera- 
tures only  under  the  influence  of  light ;  and  parallel  eases  occur  in  great 
numbers  in  organic  chemistry.  The  bl a.o  1; cuing  ami  deeom position  of  silver 
salts  are  familiar  instances  of  the  chemical  powers  of  the  same  agent.  Now, 
it  is  not  always  the  luminous  part  of  the  ray  which  effects  these  changes; 
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they  are  chiefly  produced  hy  certain  invisible  ny;  which  accompany  tlie 
others,  and  are  found  mosl  libundanily  lu-y onil  the  violet.  ji:irt  of  the  spec- 
trum. It  is  there  that,  certain  chemical  cil'eols  are  most  marked,  ahhough 
tiie  intensity  of  (he  light  is  exceedingly  feeble.  From  the  fact  that  some 
salts  of  silver  are  less  readily  decomposed  by  the  luminous — yellow, 
orange,  and  red  rays  —  L1iej.ii  by  certain  i-n.ys  which  extend  beyond  the  or- 
dinary visible  spectrum,  ii  has  been  concluded  that  there  exists  in  the  sun- 
beam, in  addition  to  heat  ami  light,  a  principle  Inning  a  distinct  action,  to 
which  the  provisional  i.eviu  uclinimii  has  been  given  —  from  dfh,  a  ray.  The 
actinic  rays  ace  thus  directly  opposed  to  the  heating  rays  in  s In;  common 
spectrum  in  their  degree  ul'  rel'rangibility,  since  tlje.y  exceed  all  the  others 
in  this  respect.  The  lumjnou's  rays,  too,  under  peculiar  conditions,  exert 
decomposing  powers  upon  silver  sahs.  The  result  of  the  action  of  any  ray 
depends,  moreover,  groally  en  the  physical  stare  of  the  surface  upon  which 
it  falls,  and  on  the  chemical  corisl  il  ui.iou  of  the  body  ;  indeed,  for  every 
kind  of  ray  a  substance  may  be  found  which  under  particular  circumstances 
will  be  afl'eeted  by  it;  ami  thus  it  appears  thai,  the  chemical  functions  arc 
by  HO  means  confined  to  any  set  of   rays,  to  I  lie  exclusion  of  the  rest. 

Upon  the  chemical  changes  produced  by  light  is  based  the  art  of  photo- 
graphy. In  the  vein'  .180:!,  Mr,  Thomas  Wedgwood  proposed  a  method  of 
copying  paintings  oil  glass  i,y  placing  behind  I  he  in  while  paper  or  leather 
moistened  with  a.  solution  of  silver  nitrate-,  which  became  decomposed  and 
blackened  by  the  transmitted  light,  in  proportion  to  the  intensity  of  the 
latter;  and  Davy,  in  repenting  these  experiments,  found  that  he  could  thus 
obtain  tolerably  accurate  representations  of  objects  of  a  texture  partly 
opaque  and  partly  transparent,  such  as  leaves  and  the  wings  of  insects, 
nnd  even  copy  with  a  certain  degree  of  success  the  images  of  small  objects 
obtained  by  the  solar  microscope.  These  pieiurcs,  however,  required  to 
be  kept  in  the  dark,  and  could  'inly  be  examined  by  candle-light,  otherwise 
they  became  oblil crated  by  the  blackening  of  the  whole  surface  from  which 
the  salt  of  silver  could  not  be  removed  These  attempts  at  light-painting 
attracted  but  little  notice  till  the  publication  of  Mr.  Fox  Talbot's  papers, 
read  before  the  Koyal  Society,  in  .January  and  February,  1839,  in  which 
he  detailed  two  methods  of  fixing  the  pictures  produced  by  the  action  of 
light  on  paper  impregnated  with  silver  chloride,  and  at  the  same  time  de- 
scribed a  plan  by  winch  the  sensibility  of  the  prepared  paper  may  be  in- 
creased to  the  extent  required  for  receiving  imju'cssions  from  the  images 
of  the  camera  obscura. 

Very  shortly  afterwards.  Sir  John  TTerschc!  proposed  to  employ  solutions 
of  the  alkaline  hyposulphites  for  removing  the  excess  of  silver  chloride 
from  the  paper,  ami  thus  preventing  the  further  action  of  light;  and  this 
plan  has  been  found  exceedingly  successful.  The  greatest  improvement, 
however,  which  I  he  curious  :ir(  of  photogenic  d  cawing  has  received,  is  due 
lo  Mr.  Talbot,  who,  in  a  comnninientieu  io  tlie  l'.nynl  Society,  described 
a  method  by  which  paper  of  such  sensibility  couid  lie  prepared  as  to  per- 
mit its  application  to  the  taking  of  portraits  of  living  persons  by  the  aid 
of  a  good  camera  ebscora,  the  time  required  for  a  perfect  impression 
seldom  exceeding  a  few  seconds.  The  plan  at  present  in  use  is  the 
following; 

Writing-paper  of  good  quality  is  washed  on  one  side  with  a  solution  of 
thirty  grains  of  silver  nitrate  in  one  ounce,  of  distilled  water,  and  then  left 
to  dry  spontaneously  in  a  dark  room;  when  dry,  it  is  immersed  for  from 
five  to  ten  minutes  in  a  solution  of  one  ounce  of  potassium  iodide  in  twenty 
ounces  of  water.  The  paper  is  then  soaked  in  water  for  half  an  hour, 
changing  the  water  three  or  four  rimes  to  remove  the  excess  of  potassium 
iodide,  and  is  then  dined.  These  operations  shouM  be  performed  by  candle- 
light. When  required  for  use,  the  paper,  t  una  coated  with  yellow  silver 
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iodide,  is  brushed  over  with  a  solution  made  bv  odditis  (ogethcr  one  part 
of  a  solution  of  silver  iiitrale,  (Illy  grains  to  one  ounce  of  water;  two 
parts  glacial  acetic  acid,  and  three  parts  til  a  saturated  solution  of  gallic 
acid;  after  a  few  seconds  she  excess  is  rem iivc.il  by  blotting-paper.  This, 
which  is  called  Titi!n.-;iipe.  nr  0<i.nt<;/,e.  panor,  is  now  ready  for  vise;  exposure 
to  diffused  daylight  for  our  second  suliiocs  to  tmtko  an  impression  upon  it, 
ami  even  the  light  of  the  moon  produces  ibo  since  effect,  although  a  much 
longer  time  is  required.  I'm-  landscapes  and  fixed  object,  and  when  the 
paper  is  required  to  be  pre eared  lo:ig  beforehand,  the  above  mixture  of 
"gaUo-nilrale"  should  be  diluted  with  from  twenty  to  fifty  volumes  of 
water,  since,  especially  su  hot  weather,  without  this  precaution  the  paper 
blackens  spontaneously. 

The  images  of  the  camera  ob^cuni,  lire  at  first  invisible,  but  are  made  to 
appear  in  full  intensity,  by  once  more  wii-diing  the  paper  with  a  mixture 
of  one  part  of  the  silver  solution  (iK'ty  grains  io  itn  ounce  of  water)  and 
four  parts  of  the  saturated  sole; ion  of  jiaUie  acid.  The  image  soon  appears, 
and  should  be  fully  developed  in  a  few  minutes. 

The  picture  is  of  course  ■.;-y<iw>'-\  tin-  lights  nod  shadows  being  reversed; 
to  obtain  positive  copies,  nothing  more  is  necessary  than  to  place  a  piece  of 
photographic  paper  prepared  with  silver  chloride,  or  a  piece  of  talbotype 
paper,  beneath  the  negative  cover,  to  press  the  two  papers  in  contact  by 
means  of  a  glass,  and  to  expose  the  whole  Io  the  light  of  the  sun  for  a 
short  time,  or  longer  to  diffused  daylight. 

Before  this  can  be  done,  tbe  negatii  e  must,  however,  be  fixed,  otherwise 
it  will  blacken:  this  is  done  temporarily  by  washing  with  a  solution  of 
potassium  bromide,  ten  grains  in  an  ounce  of  water,  and  then  rinsing  in 
common  water.  Die  uli  imaie  fix  in:;  is  ctfected  by  immersion  in  a  solutiou 
of  one  part  of  sodium  lupiunlphite,  in  from  four  to  ten  parts  of  water; 
■"  e  weaker  solution  should  be  used  hoi,  about  t^  C.  (180°  P.),  and  the 
"      n  the  und 


jitiued  until  the  yellow  tin!  arising  from  tl 

iodide  disappears:    finally,    repeatedly    teaxlun'j  in  hot  water,  drying,  and 
iiiM.irni.tii"  with  while  ivss,  to rmi nates  the  process. 

The  positives  are  also  fixed  S>y  sodium  hyposulphite,  by  potassium  cyanide, 
or  by  ammonia;  all  of  which  aid  by  removing  the  undecomposod  silver 
chloride.  The  conservation  of  the  positive  is  a  point  of  difficulty.  Mr. 
Malone  recommends  immersion  in  a  strong  solution  of  caustic  potassa, 
heatod  to  about  H'J°  0. ;  a  change  of  i  iui  ensr.es.  and  greater  permanence  is 
acquired.  After  removal  of  1  lie  alkali  and  any  sulphur  and  chlorine  com- 
pounds present,  the  picture  should  be  si/ed  ami  hoi-pressed,  or  varnished, 
keeping  the  finished  proof  most  carefully  excluded  from  sulphuretted 
vapors. 

Sir  John  Hcrschei  has  shown  that  it  great  number  of  ether  substances  can 
be  employed  in  these  photographic  processes  by  taking  advantage  of  the 
singular  deoxidizing  effects  of  certain  portions  of  the  solar  rays.  Paper 
washed  with  a  solution  of  ferric  salt  becomes  eapa'n'.e  of  receiving  impres- 
sions of  this  kind,  which  may  afterwards  be  made  evident  by  potassium  fer- 
ricyanide,  or  gold  chloride.  Vegetable  Colors  are  a  Is;,  iLi>teil  upon  in  a  very  cu- 
rious and  apparently  definite  manner  by  the  different  puns  of  the  speetrum. 

The  daguerreotype,  the  announcement  of  which  was  first  made  in  the 
summer  of  188!!,  by  M.  J.ta.guer.rc,  who  had  boon  occupied  with  this  subject 
from  1826,  if  not  earlier,  is  another  remarkable  instance  of  I  he  decomposing 
effects  of  the  solar  rays.  A  clean  and  highly  polished  plate  of  silvered 
copper  is  exposed  for  a  certain  period  to  the  vapor  of  iodine,  and  then 
transported  to  the.  camera  ob-cura.  In  the  most,  improved  state  of  the  pro- 
cess, a  very  short,  time  suffices  for  effecting  iiie  necessary  change  in  the 
film  of  silver  iodide.  The  picture,  however,  only  becomes  visible  by  expos- 
ing it  to  the  vapor  of  mercury,  which  attaches  itself,  in  the  form  of  exceed- 
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ingly  minute  globule?,  ro  those  pirts  which  have  been  most  noted  upon,  that 
is  to  say,  to  the  lighls,  the  shadows  licing  formed  by  the  dark  polish  of  the 
metallic  plate.  Lastly,  the  drawing  is  washed  lvii!)  sodium  hyposulphite, 
ki  remove  tie  undcoomposed  silver  iodide  una  render  i!  permanent. 

The  images  of  objects  thus  pvoil LUX'il  bear  the  tnesr.  minute  examination 
with  a  magnifying  glass,  [he  smallest,  details  being  depicted  with. perfect 
fidelity. 

Great  improvements  have  been  necessarily  made  in  the.  application  of 
this  beautiful  art  lo  taking  portraits.  My  the  join!  use  of  bromine  and 
iodine  the  plates  are  rendered  far  mure  sensitive,  ami  the  time  of  sitting  is 
shortened  to  a  very  few  seconds.  In  fact,  the  sensitiveness  of  the  photo- 
graphic plate  has  been  so  increased,  that  exeelleuily  defined  pictures  of 
objects  in  rapid  motion,  horses  jiim jii n^,  ships  soiling,  &.c,  have  been  ob- 
tained.    When  the  operation  in  completed,  lite  Color  of  Hie  plate  is  much 

hue. 

The  difficulty  of  obtaining  good  paper  for  the  talbotypc  has  led  to  the  in- 
vention of  various  substitutes:  album  en  on  glass  anil  roUodiort  are  used  with 
success;  a  soluble  iodide,  or  some  analogous  -alt,  is  mixed  with  either 
liquid,  and  the  mixture  app'ted  So  a  glass  uv  porcelain  plate,  dried,  and  im- 
morsed  in  a  solution  of  silver  nitrat.e;  llins  a  .sensitive  coating  is  formed. 
upon  which  the  images  of  the  camera  or  microscope  are  thrown,  and  de- 
veloped by  subsequent  treatment  wiili  dcoxidi'/.ing  agents, — either  pyro- 
gallio  acid,  gallic  acid,  or  a  ferrous  salt,  may  be  used.  The  fixing  is  accom- 
plished by  sodium  hyposulphite.  The  result-  is  either  negative  or  positive 
at  the  will  of  the  operator.  Tl.e  tiro- it's  en  porcelain  or  glass  may  bo  burned 
in,  and  perhaps  thus  rendered  indestructible  by  time. 

Etching  and  lithographic  processes,  by  combined  chemical  and  photo- 
graphic agency,  promise  to  be  of  considerable  utility.  The  earliest  is  that 
of  Niepce:  he  applied  a  Sunn:;  in  mis  coating  to  a  met  til  jil.u.o,  upon  which  an 
engraving  was  superimposed.  The  ligbi.  being  The-  partially  interrupted, 
acted  unequally  upon  the  varnish ;  a  Pcuid  liydro-earbun,  ;■■•  ■;<■■.,/■■■■;.'?;,  used 
as  a  solvent,  removed  Hie  bitumen  wherever  llie  light,  had  not  acted;  an 
engraving  acid  could  now  bite  the  unprotected  meiai,  which  could  event- 
ually be  printed  from  in  the  usual  way.  Dr.  Donne'  and  Dr.  Berros,  by 
submitting  the  daguerreotype  to  the  act; on  of  uilric  acid  and  its  vapor,  ob- 
tained etchings  from  which  pi-oofs  could  be  taken.  Mr.  Grove,  by  using 
Chlorine  evolved  by  voltaic  agency,  succeeded  in  obtaining  a  more  manage- 
able process  Very  successful  results  have  also  been  obtained  by  M.  Fizeau, 
who  submits  the  daguerreotype  lo  tbe  fiction  of  a  mixture  of  dilute  nitric 
acid,  oommon  salt,  and  potassium  nitrate,  when  the  silver  only  is  attacked, 
the  mercurialised  |joriion  of  l-lic  image  resisting  the  add  ;  an  etching  is  thus 
obtained  following  minutely  the  lights  and  shadows  of  the  picture.  To 
deepen  this  etching,  the  silver  chloride  Conned  is  removed  by  ammonia,  the 
plate  is  boiled  in  caustic  pntassa  and  again  treated  with  acid,  and  so  on  till  the 
etching  is  of  snlheieuL  depth.  In  extreme  cases  electro-gilding  is  resorted 
to,  and  an  engraving  acid  use:!  to  get  st.ill  inure  po'.vcrful  impressions. 

Among  the  latest  results  are  those  oblaincd  liy  M  e.  Talbot  on  steel  plates: 
he  uses  a  mixture  of  potassium  bichromate  and  gelatin,  which  hardens  by 
exposure  to  the  light;  the  parts  not  affected  are  removed  by  washing. 
Platinum  tetrachloride  is  used  as  an  etching  liquid;  it  has  the  advantage 
of  biting  with  greater  regularity  than  nil  vie  acid. 

The  bitumen  process  of  M.  Nicpec  has  been  applied  to  lithographic  stone; 
and  positives  obtained  from  negative  tulbo types  have  been  printed  off  by 
a  modification  of  the  ordinary  liihogrnnbtc  process.  M,  Niepce  finds  that 
ether  dissolves  the  altered  bitumen,  while  naphtha,  or  benzol,  attacks  by 
preference  the  bittmacn  in  its  normal  co.nditiqn, 
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RADIATION,  REFLECTION,    ABSORPTION,   AND   TRANS- 
MISSION OF  HEAT. 

RADIATION  Or  HEAT. 

IF  a  red-hot  ball  be  placed  upon  a  ]i : <i f 1 1 1 1 : r:  support,  find  left  to  itself, 
cooling  immediately  commences,  and  only  si ■^.■m  when  the  temperature 
of  the  ball  is  reduced  to  Hint,  of  tlie  surrounding  air.  This  effect  takes 
place  in  three  ways:  heat,  is  conducted  away  from  (lie  bull  through  l.li<> 
substance  or  the  support :  iiun:  her  poriiuu  i-  removed  by  the  connective 
power  of  the  air;  and  the  residue  is  tin-own  oil'  from  the  heated  body  in 
straight  lines  or  I'nys  which  pass  llirmijrh  air  without  interruption,  and 
become  absorbed  l>y  neighboring  objects  which  happen  to  be  presented 
to  their  impact. 

This  raduint  or  radiated  heat  return hies,  in  very  ninny  respects,  ordinary 
light;  it  moves  with  great  velocity ;  it  sulfcrs  reflection  from  surfaces;  it 
enters  and  tcBTeraeB  medio,  uSdergoing  nl  Die  same  time  refraction,  ab- 
sorption, and  polarization;   in  i'aet,  it  is  in  all  those  eases   obedient  to  the 

Sii-i mi  laws  which  regulate  1  lie  co rresp ling  phenomena  111  optics. 

The  fact  of  the  rKj!,,<iiti,i  ■■,['  heat  may  be  ycry  easily  proved.  If  a  person 
stand  before  a  fire  in  such  a  position  that  his  face  may  he  screened  by  the 
mantelshelf,  and  if  he  then  take  a  brighi  piece  of  jjtol.nl,  as  a  sheet  of 
tinned  plate,  and  hold  it  in  such  a  manner  that  the  tire  may  be  seen  by 
reflection,  a  distinct  sensation  of  hen  I  wi'l  at  tiie  same  moment  be  felt. 

The  apparatus  best  fitted  for  si  udviug  Ihe-e  facis  consists  of  a  pair  of 
coneavo  metallic  mirrors  of  the  form  called  parabolic.  The  parabola  is  a 
curve  possessing  very  peculiar  jir^jioriies,  one  of  the 
most  prominent  being  ills'  following: —  A  iangeol 
drawn  to  any  part,  of  the  curve  makes  equal  angles 
with  two  lines,  one  of  which  proceeds  from  the  point 
where  the  tangent  touches  the  curve  in  a  direction 
parallel  to  what  is  called  the  asis  of  the  parabola, 
and  tho  other  from  the  same  spot,  through  a  point  in 
front  of  the  curve  called  the  focus.  It  results  from 
this  that  parallel  rays,  cither  of  light  or  heat,  falling 
upon  a  mirror  of  this  particular  curvature  in  a  di- 
rection parallel  with  the  axis  of  the  parabola,  will 
be  all  reflected  to  a  single  point  at  the  focus;  and 
rays  diverging  from  this  focus,  and  impinging  upon 
the  mirror,  will,  after  reflection,  become  parallel 
{ng-o6J. 

For  practical  purposes  the  parabolic   re  fleet  or   is 
Ei;  lie  rally  replaced  liy  a  spherical  mirror  of  but  little  e 

with  its  radius  of  curvature.  The  line  drawn  from  the  centre  of  the  cur- 
vature to  the  middle  of  the  relleciov,  i.  1:.,  the  radius  of  the  sphere,  is  the 
principal  axis,  and  the  middle  of  this  radius  is  the  focus  of  the  spherical 
reflector.  This  focus  exhibits  nearly  all  the  characters  of  the  focus  of  the  par- 
abolic reflector.  T  lie  spherical  veih'cu.r  is  much  mure  easily  constructed  til  nil 
the  parabolic;  it  has,  more  over,  1.11  e  advantage  1  hut.  every  line  drawn,  from 
the   centre  of  the   curvature   towards   the   surface  of  the   mirror  may  be 
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niddle  of  such  line 


ljiu 


looked  upon  as  nil  axis  (collntfti'fi-1  axis; 
focus  (collateral  focus),  and  used  as  saoa. 

If  two  such  mirrors  lie  placed  opposite  to  each  otter  at  a  considerable 
distance,  and  so  adjusted  ilmt  their  a«s  shall  be  coincident,  and  a.  hot 
body  placed  in  f lie  focus  of  tie  one,  while  a.  thermometer  occupies  that  of 
the  other,  the  reflection  of  the  rays  of  beat  will  become  manifest  hy 
their  effect  upon  the  instrument.  In  thin  manner,  will)  a  pair  of  by  nc 
means  very  perfect  jnir:  ors,  ,8  inches  in  diameter,  scparaled  by  an  interval 
of  20  feet  or  more,  amadou  ov  gsiTijiowiier  may  be  readily  fired  by  a  red- 
hot  ball  in  the  focus  of  tin;  opji.isito  mirror  [tig.  67). 

Fig.fi 


The  power  of  radiation  varies  e.xcecdinglv-  with  ui  tie  rent  1  iodic 
he  ea;dly  proved.  If  two  similar  vessels  ot"  e  411  ill  capacity,  is  ml  tn 
of  thin  metal,  one  having  its  surface  Iii^bly  pnlishod,  while  tl; 
o^her  is  covered  wilh  lamjddac.k.  he  (died  iviili  hot  water  of  the  s 
peratnre,    and    their   rale  of  tooling    observed    from    firm 


.t  will  be 
heat  much  faster  than  the  01 
put  on  a  footing  of  equality 
often  amount  to  many  degre 
power  of  the  film  of  soot. 
By  another  arrangement, 


nd   that   the   blackened  vessel  loses 

wiiii  height  surfaces;  and  since  both  are 
l  other  respects,  this  dil'Wcuce,  which  will 
-,  must  ho  ascribed   to    the   superb 

numerical  e- 


can  be  made  of  these 
differences.  A  ciil.ieai  metallic  vessel  is  jircparcd.  each  of  whose  sides 
is  in  a  different  condition,  one  bin  ag  |M.iiislicd,  a  not  her  rough,  a  third  cov- 
ered with  lampblack,  Se.  The  vessel  is  iiiied  ivit.h  water,  kept  constantly 
at  100°  by  a  small  steam-pipe.  Each  of  lis  side?  is  ihen  presented  in  suc- 
cession to  a  good  concave  mirror,  having  in  it-  focus  one  of  the  bulbs  of 
the  differential  thermometer  before  described  (fig.  20),  the  bulb  itself 
being  blackened.  The  effect  produced  on  this  instrument  is  taken  as  a 
measure  of  the  comparative  radiating  powers  of  ihe  different  surfaces. 
Sir  John  Leslie  obtained  by  this  method  of  experimenting  the  following 
results ; 


Lampblack   , 
Writing-paper 

Graphite  .   '     . 


Tarnished  lead 
Clean  lead 
Polished  iron 
Polished  silver 


-Tli"  Ml[j|ioseiI  influence  ofmi-iv  ,i;1-i--iei'  ,,!  «m":i(  ,.  ii.i-  )..■-.  11  i-iilli-'  ir.  tjiirsrinii  h.v  Mi-llnni, 
will)  ilttribilll'S  t"  ill  her  1:1  use*  [lie  ■.  ■  1 1  ■_  i:  I  -?  eli  ■■vva.i  I :  ■.■  I.,  -lie  .,1..]  ic!i  -1-s.  :ini..l)(!  v.llieh  iiU],'.T- 
ficinl  osirliitien  ami  ililii-iyie.--  ":'  plo-i.-.-.l  .  .  ■ :  1  ■  I  j  1  !■ .  >  1  v.-i'i  r.  si,,-,,;  1..  li:r,liii:-s  ..ml  ilisisitj  aiv 
inuDilg  tlic  iiuisi  ii)i[nn-t;iar.     Willi  nils    imS    m-:-:    o   1  ^-:  1  i.~l:.  .  nin-kuiK   IK'  surlm.M 

jit  i       l.,i.,,i-        ■■■  .     ,'     -i      ■.■!.!  ii.i. t     1 

rile-  nl-ii-i-.  lie  <li II.  ii-.i.  ■     11 11'    III  11,11      1'   1  ■:-.-     mil    I. il  rough  Mirfauta. 

(Ann.  Cli.  I'h vs.,  In.  436.) 
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The  best  reflecting  surfaces  are  always  the  worst  radiators;  polished 
metal  reflects  nearly  all  1 1ns  heat,  that  Tails  upon  it.  while  ita  radiating 
power  is  the  feeblest  of  any  subslanee  tried,  and  lampblack,  which  reflects 
•milling,  radiates  most  perfectly. 

The  power  of  absorbing  heat  is  in  direct  proportion  to  t.he  power  of 
emission.  The  polished  metal  mirror,  in  Hie  experiment  with  the  red-hot 
ball,  remains  quite,  cold,  although  only  a  few  inches  from  the  latter;  or, 
again,  if  a  pieee  of  gold  leaf  bo  laid  upon  paper,  und  a  heated  iron  held 
over  it  until  the  paper  is  complet  rlv  scorched,  it  will  lit:  found  that  the  film 
of  metal  has  perfectly  defended  that  portion  beneath  it. 

The  faculty  of  absorption  seems  10  be  ;i.  good  deal  influenced  by  color. 
Dr.  ['rank' in  found  I  hat  when  nieces  of  oloth  of  various  colors  were  pin  ceil 
on  snow  exposed  to  (lie  feeble  sunshine  of  winter,  the  snow  beneath,  became 
m: equally  melted,  i  bo  effect  be.it: g  always  in  proportion  to  f  he  depth  of  the 
color;  and  Dr.  Stark  has  since  obtained  a  similar  result  by  a,  different 
method  of  experimenting.  According  to  the  tale  researches  of  Melloni, 
this  effect,  depends  less  on  the  color  than  on  the  nature  of  the  coloring 
matter  whioh  ton™  the,  surface  of  tin;  tie tli.  According  to  Melloni,  color 
does  not  influence  absorption  when  [be  beat,  rays  ore  emitted  from  a  non- 
luminous  source,  such  as  a  cube  tilled  with  hot  wafer;  it  has,  however, 
great,  effect  on  the  absorption  of  heat  rays  given  off  from  a  luminous  body, 
as  the  sun,  &c. 

These  facts  afford  an  explanation  of  (we  very  interesting  and  important 
natural  phenomena,  namely,  the  origin  of  Jew,  and  the  cause  of  the  land- 
and  sea-breezes  of  tropica.!  countries.  While  the  suit  remains  above  the 
horizon,  the  heat  radiated  by  the  surface  of  the  earth  into  space  is  com- 
pensated by  the  absorption  of  (Jin  solar  beams ;  but  when  the  sun  Sets,  and 
the  supply  ceases,  while  the  emission  of  heat  Lines  on  as  activclyas  before, 
the  surface  becomes  cooled  until  its  temperature  sinks  below  that  of  the 
air.  The  air  in  contact,  with  the  earth  of  course  participates  in  this  re- 
duction of  temperature;  tbc  aqueous  vapor  present  speedily  reaches  ita 
point  of  maximum  density,  and  then  begins  io  deposit  moisture,  whose 
quantity  will  depend  upon  the  proportion  of  vapor  in  the  atmosphere,  and 
on  the  extent  to  watch  Ihe  eool.-.i^  process  lias  been  carried. 

It  is  observed  that  dew  is  most,  abundant  in  a  clear  calm  night,  suc- 
ceeding a  hot  day:  under  these  civoumslanocs  the  quantity  of  vapor  in 
the  air  is  usually  very  grenf,  and  at  the  same  time  radiation  proceeds  with 
moat  facility.  At  such  times  r,  thermometer  laid  on  t.he  ground  will,  after 
some  time,  indicate  a  temperature  of  .">'".  S'11,  ci-  even  [<)"  below  that  of  Ihe 
ail'  a  fow  feet  higher.  Clouds  hinder  the  formation  of  dew  by  reflecting 
back  to  the  earth  ihe  heat-  radiated  from  its-surface,  and  thus  preventing 
the  necessary  reduction  of  temperature:  mid  the  same  etfect  is  produced 
by  a  screen  of  the  thinnest  maicria!   stretched  at  a  little  height  above   the 

S  round.  In  this  manner  gardeners  often  preserve  delicate  plants  from 
es l,r notion  by  t.he  frosts  of  spring  ami  autumn.  The  piercing  cold  felt 
just  before  and  at  sunrise, even  in  the  height  of  summer,  is  t.he  consequence 
of  this  refrigeration  ha.ving  reached  its  maximum. 

Wind  also  effectually  prevents  the  deposition  of  dew,  by  constantly 
renewing  the  air  lying  upon  the  earth  before  it  lias  had  its  temperature 
sufficiently  reduced  to  cause  condensation  of  moisture. 

Many  curious  experiments  may  be  made  by  exposing  ou  the  ground  at 
night  bodies  whioh  differ  in  their  powers  of  radiation.  If  a  piece  of  black 
cloth  and  a  plate  of  bright  metal  bo  thus  (rented,  the  former  will  be  often 
found  in  the  m  on  dug  co\  eecd  with  ■lew,  while  the  latter  remains  dry. 

Land  and  sea  breezes  arc  certain  periodical  winds  common  to  most  sea- 
eoasts  within  the  tropics,  but.  by  no  means  confined  to  those  regions.  It 
is  observed  that  a  few  hours  after  sunrise  a  breo/.e  springs  up  at  sea,  and 
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blows  directly  on  shore,  and  that  its  intensity  increases  as  the  day 
advances,  and.  declines  und  gradually  expires  nciir  sunset.  Shortly  after- 
wards a  wind  arises  in  exac'lytf.e  opposite  iiiroetii.in.  namely,  from  ilie 
land  towards  the  sea,  lasts  the  whole  of  the  night,  and  only  ceases  with 
the  reappearance-  of  the  sun. 

It  is  easy  to  give  an  explanation  nf  these  effects.  When  the  sun  shines 
at  onoe  upon  the  surface  of  l.lie  cnrlh  and  that-  of  the  sea,  the  two  become 
unequally  heated,  because  the  water,  although  it  pn.sspi.ses  greater  power 
of  absorbing  heat.,  is  yet.  more  slowly  wanned,  in  consequence  of  its 
greater  capacity  for  heat,  and  the  greater  depth  to  which  the  rays  of  the 
sun  can  penetrate.  The  air  over  the  heated  surface  of  the  ground,  being 
expanded  by  heal,  rises,  and  has  its  place  supplied  by  colder  air  flowing 
from  the  sea,  producing  the  sea-breeze.  When  Ilie  stm  sols,  both  sea  and 
land  begin  to  cool  by  radiation :  the  rate  of  cooling  uf  the  latter  will,  how- 
ever, far  exceed  that,  of  the  former,  and  its  temperature  will  rapidly  fall. 
The  air  above  becoming  moled  and  ootid  e  used,  Jluv.s  out  wards  in  obedience 
to  the  laws  of  fluid  pressure,  and   displaces  the  warmer  air  of  the  ocean, 

wise  oppressive  heat  is  moderated,  to  the  great  advantage  of  those  who 
inhabit  such  localities.  The  hind  and  sea  hreo/.es  ostoml  to  a  small  distance 
only  from  shore,  but  afford,  uolwilhstanditij*,  essential  aid  to  coasting 
navigation,  since  vessels  on  either  tack  enjoy  a  fair  wind  during  the 
greater  part  of  both  day  and  night. 

TRANSMISSION  OF  HEAT;  DIATIIEUMANOY. 

Rays  of  heat,  in  passing  through  aiv,  receive  scarcely  more  obstruction 
than  those  of  light-  under  similar  circumstances;  but  with  other  trans- 
parent media  the  ease  is  different.  If  a  parabolic  mirror  be  taker,  and 
its  axis  directed  towards  the  sun,  l.lie  ray-  belli  of  heat  and  light  will  bo 
reflected  to  the  focus,  which  will  exhibit  a  temperature  sufficiently  high 
to  fuse  a  piece  of  metal,  or  tire  a  combustible  body.  If  a  plate  of  glass  be 
now  placed  between  the  mirror  and  the  sun.  the  effect,  will  be  perceptibly 
diminished. 

Now,  let  the  same  experiment,  be  made  willi  Ilie  h*it  of  a  kettle  tilled 
with  boiling  water ;  (he  heat,  will  be  oo  no  out  rated  l>y  reflection  as  before, 
but,  on  interposing  the  glass,  the  healing  effect  a(  the  focus  will  be  reduced 
to  nothing.  Thus,  the  rays  of  heat  coming  from  the  sun  traverse  even 
glass  in  considerable  quantity,  but.  not  so  easily  as  air,  whilst  rays  from 
hot  water  are  entirely  slopped  by  glass. 

In  the  year  183:1,  M.  Mclloni  published  (he  first  of  a  series  of  exceed- 
ingly valuable  researches  on  this  subject,  which  are  to  be  found  in  detail 
in  various  volumes  of  the  Anna  his  tie  Chiniie  et.  d.>  Physique.*  It  will  be 
neeessary,  in  the  first  instance,  to  describe  the  method  of  operation 
followed  by  t.bis  philosopher. 

Sot  long  before,  two  very  rcmn  ['liable  facts  had  been  discovered  ;   Orsted, 
in  Copenhagen,   showed   that  a    current   of   electricity, 
however  produced,    exercises  a  singular  anil   perfectly  Fiy.W. 

definite  action  on  a  magnetic  needle.;    and  Secbcoli,  in  — * 

Berlin,  found  that  an  eleci.ric  current  maybe  generated  ,r 

by  the  unequal  affects  of  heat  on  different  metals  in  con-  *^sfi^3> 
tact.  If  a  wire  conveying  in  electrical  current  be 
brought  near  a  magnetic-  needle,  the  latter  will  in 
dial ely  alter  its  position  and  assume  a  new  one  as  ne 
perpendicular  to  the  wire  as  the  mode  of  suspen 
and  the  magnetism  of  the  earth  will  permit.  When 
wire,   for  example,    is    pbieed  directly  over   thj   ne 
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and  parallel  toils  length,  while  iliii  current,  it.  carries  travels  from  north  to 
south,  the  needle  is  deflected  from  its  ordinary  direction,  and  the  north 
pole  driven  to  the  eastward.  When  (lie  current  is  reversed,  the  same  pole 
deviates  to  an  equal  amount  towards  the  west,  Placing  the  wire  below 
the  needle  instead   of   above,  produces   the    same  clt'cci    as  reversing  the 


When   the   ] 


.•die  i. 


1  of  t 


i   oppo 


i'  hung  liy 


iw,   they  will  obviously 
concur  in  their  efl'ects.      The.-amo   thing   happens  when  the  wire  parrying 

the  current  is  bent  upon  itself,  sun  I  I  lie  needle  placed  between  the  two  por- 
tions; and  since  every  time  1  lie  betiding  is  repeated,  a  fresh  portion  of  the 
current,  is  made  to  act  in  ilin  same  manner  iijion  the  needle,  it  is  easy  to 
see  how  a  current,  too  feeble  to  produce  any  effcel  when  it  simple  straight 
wire  is  employed,  may  lie  made  hy  litis  contrivance  to  exhibit  a  powerful 
aclion  on  the  magnet.  It  is  on  this  principle 
that,  instruments   called  galvanomet&t,  galvano-  Fig.W. 

scopes,  or  multipliers,  aie  constructed  ;  they  serve 
not  only  to  indicate  Ihe  existence  of  eicelrienl 
Currents,  but  to  show,  by  the  effects  upon  Ihe 
needle.  Hie  direction  in  which  they  are  moving. 
The  delicacy  of  the  ins 

dmari'.y  increased  by  the  use  of  a  very  long 
coil  of  wire  and  two  needle?  of  equal  strength, 
and  with  opposite  poles  conjoined  (tig.  8a).  Theso  n 
iiiit.ivis1.iiil  silk,  one  between  the  coils  and  the  utliei-  above  them,  B- 
current  acts  in  the  same  direction  on  both.  The  thickness  of  the  wire  has 
some  influence  on  the  delicacy  of  the  instrument.  For  the  following 
experiments  it  should  not  bo  less  than  jL-  of  ati  inch  thick. 

Where  two  pieces  of  dilferent  mefals,  cuuuecieil    together   at,  each  end, 
have  one  of  their  joints  more  healed  than  (he  tidier,  an  electric  current  is 
immediately  set  up.      Of  all  the  metals  tried, 
bismuth  and  antiuunii   form  the  most  power-  Fig-  70. 

fnl  combination.    .A  single  pair-  of  bars  hav-  ^ 

ing  one  of  their  j  line  lions  heateil  in  the  man- 
ner shown  (fig.  7(1),  can  develop  n  current 
strong  enough  to  defied  a  compass-needle 
placed  within;  and,  by  arranging  a  number 
in  a  series  and  heating  (iioir  alternate  ends, 
the  intensity  of  the  current  may  be  very 
much  increased.  Such,  an  arrangement  is 
called  a  thermo-electric  pile.  Meiloni  con. 
structed  a  very  .small    Siio.rmti-clectrie  pile  of 

this  hind,  containing  fifty-live  slender  bars  ofhismnlh  and  antimony,  laid  si 
by  side  and  soldered  logel  I  mm-  a  I.  their  altei 
in  fig.  71.   Heconnecled  I  his  pile  with  an. 
i'.gly  delicate  louliipiior,  mid    found    himself 


of  a 


for 

sma.il  variations  of  temperature,  far  surpassing 
in  delicacy  the  iiir-thermoiuelei-  in  its  most  sen- 
sitive form,  and  having  great  advantages  in 
nt.lier  respecls  over  Unit,  instrument  when  em- 
ployed for  the  purposes  to  which  be  devoted  it. 
The  si ib st amies  whose  power?  of  transinis.'ion 
were  to  be  examined  were  cut  into  plates  of  a 
determinate  thickness,  ami,  after  being  well 
polished,  arranged  in  suooessieu  in  front  of  the 
little  pile,  the  exircmiiy  of  wbieb  was  blackened 
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f  i>  promote  the  absnrption  of  the  rays.  A  perforated  screen,  the  area  - 
whose  aperture  equalled  Mint,  of  tin;  face  of  tin;  pile,  was  placed  be- tire 
the  source  of  heat  ana  the  body  under  trial,  while  a  second  screen  serv 
to  intercept  nil  radiation  inn  ii  His  mo  mom  of  the  experiment. 

After  much  prelim  inary  1  all  or.  for  ilie  purpose  of  tost  in  g  the  caput)  ilit.i 
of  the  apparatus  ami  the  value  of  its   indications,  an   extended   aeries 


undertaken  and  curried  on  during  a  long  period  with  !rreat 
of  the  most  Bullous  results  are  given  in  i-he  anne.ied  fable, 
it  sources  of  heat  were  employed  in  these  experiments, 
ir  nature  and  in  their  degrees  of  intensity  :  the  naked  name 
a  eoil  of  platinum  wire  heated  to  redness;  ljlaekened  cop- 
.d  the  same  heated  to  100°. 


tot  11 


Rock-salt,  transparent,  and  colorless    , 
Fluor-spar,  colorless 
Rock-salt,  muddy  . 

Beryl 

I1' I  not'-. spar,  greenish   . 

Iceland  spar 

Plate-glass  

[lock-crystal 

Itotk- crystal,  brown    . 

Toiiriua'.ino,  ilai'k-<irecn  . 

Citrio  acid,  transparent 

Alum,  transparent  .... 

Sugar-candy 

Fluor-spar,  green,  translucent 
Ice,  pure  and  transparent  . 


On  examining  this  roinnrbablc  table,  winch  is  an  abstract  of  one  much 
more  extensive,  the  first.  thing  that  strikes  the  eye  is  the  want  of  connection 
between  the  power  of  transmitting  lioat  ami  that-  of  transmitting  light. 
Taking,  for  instauee.,  the  oil-lame,  as  (he  source  of  heat:  out  of  the  quan- 
tity of  heat  represented  by  100  rays  falling  upon  the   pile,  the  proportion 
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transmitted  by  similar  pi  ales  of  rock-salt,  glr-.ss.  ami  alum,  may  "be  expressed 
by  the  numbers,  i>-',  iii),  ami  0;  and  yet  those  bodies  -ire  equally  trans- 
parent with  respect  to  light.  (ieucrnllY  sneaking,  color  was  found  to 
interfere  with  the  trans missive  newer,  but  to  a  very  unequal  extent:  thus, 
in  fluor-spar,  colorless,  greenish,  ami  deep  green,  the  quantities  transmitted 
were  78,  4(1,  and  8,  whiie  the  difference  hereon  colorless  and  brown  rock- 
crystal  was  only  1.  Bodies  absolutely  opaque,  a-  wood,  metals,  and  black 
marble,  stopped  the  rays  completely,  although  it.  was  found  that,  the  faculty 
of  transmission  was  possessed,  to  a  certain  extent,  by  soma  which  were 
nearly  iu  (hat  condition,  as  thiol;  plates  of  brown  quart'/,  black  miea,  and 
black  glass. 

A  great  difference  is  noiieed  iu  heat-ray-  derive'!  from  different  sources. 
Out  of  100  rays  from  each  source  which  fell  on  rock-salt,  the  same  pro- 
portion was  always  transmitted  v.  tioilioi-  i  no  rays  proceeded  from  the  in- 
tensely heated  flame,  the  red-hoi.  platinum  wire,  or  t lie  copper  at  390°  or 
100°;  bnt  this  is  true  of  no  oilier  substance  in  the  list.  In  the  ease  of 
plate-glass,  we  have  the  numbers  :IU,  21,  o,  and  0  as  representatives  of  the 
comparative  quantities  of  hear.  transmitted  ilirmigh  the  plate  from  enuh 
Bource;   or  in  throe  varieties  of  fluor-spar,  as  in  the  following  statement: 

Flame.  Ketlheat.  390°.  100°. 

Colorless        .        .    78  69  42  33 


Dark  green     .         .      8  b'  4  3 

One  substance,  beryl,  out  of  100  rays  from  the  intensely  heated  source, 
suffers  54  to  pass;  and  out  of  the  same  number  (that  is,  an  equal  quantity 
Df  heat)  from  metal  at  100°  none  at  nil;  whilst  another  substance,  fluor- 
spar, transmits  rays  from  lire  two  souiccs  mentioned  in  the  proportion  of 

These,  and  many  other  curious  phenomena,  are  fully  and  completely  ex- 
plained on  the  supposition,  that  among  the  invisible  rays  of  heat  differences 
are  to  be  found  exnclly  analogous  to  ihose  differences  net  ween  rays  of  light 
which  we  are  accustomed  lo  call  colors.  Heck-salt  and  air  are  the  only  sub- 
stances yet  known  which  are  truly  r.'r.'i.'., ■,!.■;■,■  .'•■■,■.'.*,  or  equally  transparent  to 
all  kinds  of  heat-rays  ;  they  are  to  the  lat  lor  what  white  glass  or  water  is 
to  light;  they  suiter  rays  of  every  deseription  to  pass  with  equal  facility. 
All  other  bodies  aci  like  eolorod  glasses  absorbing  oerlain  rays  more  abund- 
antly than  the  rest,  anil  colvin-i,  as  it.  were,  i.lie  heat  which  passes  through 
them. 

Thsse  heat- tints  have  no  direct,  relation  lo  ordinary  colors;  their  Exist- 
ence is,  nevertheless,  almost  as  clearly  made  out  as  that  of  the  colored 
rays  of  the  spectrum.  Bodies  at  a  comparatively  low  temperature  emit 
rays  of  such  a  tint  only  as  to  be  transmissible  by  a  few-  substances:  as  the 
temperature  rises,  rays  of  other  heal.- colors  begin  lo  make  I  heir  appearance, 
and  transmission  of  some  portion  of  these  rays  takes  place  through  a  great 
number  of  bodies:  while  at  the  temperature  of  intense  ignition  we  find 
rays  of  all  colors  thrown  out,  some  of  which  w  iii  certainly  find  their  way 
through  a  great  variety  of  substances.  The  kind  of  rays  emitted  by  dif- 
ferent, bodies  of  the  same  temperature  is  by  no  means  the  same,  but  seems 
materially  to  depend  on  I  he  nature  of  the  rad biting  body.  When  a  bundle 
of  heterogeneous  rays  passes  through  a  medium,  ihose  of  one  kind  are 
powerfully  absorbed,  while  those  of  another  are  not.  affected.  By  their 
transmission  through  the  body  the  rays  liave  undergone  a  sifting:  if  now 
these  sifted  rays  he  passed  through  a  second  plate  of  the  same  medium,  a 
much  smaller  proper  i  iniuil  loss  cult  occur  than  in  I  he  ease  of  the  first  plate, 
because  the   rays  which  Iho  medium  readily  takes  up  are  mostly  wanting, 
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while  those  which  easily  pass  through  the  body  ] tl  oucstion  arc  present  in 
more  notable  quantity.  The  same  thing  happens  when  a  number  of  plat.es 
are  interposed;  the  rays  af'tiir  t i-iLvri-Miiijs  one  plate  nro  but  little  inter- 
rupted by  others  of  a  similar  nature. 

By  cutting  rock-salt  into  prisms  and  lenses,  it-  is  easy  to  show  that 
radiated  beat  may  lie  rofcacted  like  ordinary  light,  anil  its  beams  made  to 
converge  or  diverge-  at  pleasure:  and,  lastly,  to  complete  the  analogy,  it 
has  been  shown  to  manifest  the  phenomena  of  interference,  and  to  be 
susceptible  of  polarization  by  trausuibsiun  through  plates  of  double-re- 
fracting minerals,  hi  the  manner  its  light  itself. 

The  absorptive  power  of  gu^es  and  vapors  for  rays  of  heat  by  which 
they  are  traversed  hail  long  been  neglected  ;  ami  it.  is  only  recently  (hat 
we  have  become  indebted  to  Professor  Tynilatl  and  Professor  Magnus  for 
some  researches  upon  this  subject.  Tlie  absorptive  power  of  perfectly  dry 
air,  of  oxygen,  nitrogen,  and  hydrogen  in  the  state  of  purity  is  very  small; 
the  absorptive  |i»™  of  coni|iomo.l  giiscs  and  vapors,  c.  y.  of  water-vapor, 
carbonic  oxide,  carbonic  aeid,  and  more,  especially  of  olefin  nt  gas,  ammonia, 
and  the  vapors  of  volatile  oils,  is  much  greater.  The  following  table  gives, 
area rd iu ;!■  ro  Tyu  bill,  the  relative  absorptive,  powers  of  diil'ere.ul  gnsrs  for 
dark  rays  of  heat  emanating  f'om  copper  at  27U'.  when  the  gases  are  ex- 
amined under  a  pressure  o:  one  ntmo sphere:— 


Atmospheric  air  . 
0.;5«n     .  . 

Nitrogen 
Hydrogen 
Chlorine      . 
Hydrochloric  actd 
Carbon  monoxide 

The  absorptive  pot* 


I 


Carbon  dioxide     . 
Nitrogen  monoxide  . 
Hydrogen  sulphite 
Marsh  gas 
Sulphurous  oxide 
OlefiftQt  gas      . 
Ammonia 


!i:io 


s  increases  with  an  increases  of  the  density, 
Dut  is,  m  tne  case  of  gases  endowed  with  a  high  absorptive  power,  by  no 
means  proportionate  to  the  density. 

Bays  of  heat  of  the  above  (Inscription  are  not  capable  of  passing  through 
n  tube  3  feet  long  filled  with  ammonia  of  the  ordinary  pressure  of  the  at- 
mosphere ;  such  a  layer  of  ammonia,  (hough  ipiite  eel'!' ess  and  transparent 
to  light,  is  perfectly  impermeable  fit  might  bo  said  black)  to  heat.  The 
element  chlorine,  though  colot  cd  and  le-s  Iran -pd rent  to  light,  allows  the 
rays  of  heat  to  pass  more  freely  iiiin  the.  compound  hydrochloric-  acid, 
which  is  colorless  and  more  transparent,  to  light.  These  examples  show 
that  the  absorptive  power  of  gases  for  rays  of  heat  is  perfectly  independent 
of  that  for  rays  of  light. 

From  Tyndall's  experiments  it  appear-  also  that  vapor  of  water,  weight 
for  weight,  transcends  all  other  gases  in  heat-absorbing  power;  so  much, 
indeed,  that  the  aqueous  vapor  in  tlie  air,  though  not  amounting  on  the 
average  to  more  than  0-4")  per  cent,  of  the  whole,  exerts  au  absorptive 
action  on  heat-rays  many  times  greater  than  tlie  air  through  which  it  is 
diffused.  This  great  absorbing  power  of  water-vapor  lias  a  powerful  effect 
in  cheeking  the." cooling  down  of  (be  earth's  surface  by  radiation  ;  ami  it 
is  in  great  part  from  this  cause  that  in  moist,  olimnl.es,  like  (hat  of  I'lng- 
laud,  the  ranae  of  te.iaiieraturc  between  night  and  day,  and  between  summer 
and  winter,  is  so  nmcli  less  than  in  drier  cdmatos  under  the  same  latitude. 
It  has  been  established  by  experiment,  and  likewise  theoretically  de- 
monstrated by  Kircbhofl',  that  of  two  bodies,  (he  one.  which  lias  the  greater 
power  of  absorbing  rays  of  heat,  possesses  also  the  greater  power  of 
radiating  them,  and  that  the  lnw  mentioned  on  piijtc  'J2,  Recording  to 
which  the  power  of  absorbing  heat  is  in  direct  proportion  to  the  power  of 
emission,  holds  good  also  for  gases. 
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A  I* A  RTIfiULAll  species  of  iron  ore  Imi  lone- been  remarkable  for  its  prop- 
erty of  attracting  small  pieces  of  iron,  and  causing  them  to  adbcro 
t.o  it.a  surface;  it  is  i - . l L E ^ ■: E  loadstone,  or  magnetic  iron  ore. 

If  a  piece  of  this  loadstone  lie  carefully  examined,  il  will  bo  found  that 
the  attractive  force  for  particles  of  iron  is  greatest,  a.i.  certain  particular 
points  of  its  surface,  while  elsewhere  it.  ia  much  diminished  or  even  alto- 
gether absent.  These  attractive  points  are  denommaied  poles,  and  the 
loadstone  itself  is  said  to  be  endowed  with  magnetic  polarity. 

If  one  of  the  pole-surfaces  of  ii,  natural  loadstene  bo  rubbed  in  a  partic- 
ular manner  over  a  bar  of  steel,  its  characteristic  properties  will  he  com- 
municated to  the  bur,  which  will  then  be  found  to  attract  iron-filings  like  the 
loadstone  itself.  Further,  the  nli.rrid.ice  IV) mo  will  appear  lo  be  greatest  at 
two  points  situated  very  near  the  extremities  of  the  bar,  and  least  of  all 
towards  the  middle.  The  bar  uf  s'eel  so  treated  is  said  i.o  be  magnetized, 
or  to  constitute  an  artificial  magnet. 

When  a  magnetized  bar  or  natural  insLjriic-t  is  suspended  at  its  centre  in 
any  convenient  manner,  so  us  to  be  free  to  move  in  n  horizontal  plane,  it  is 
always  found  to  assume  a  particular  direction  with  regard  to  the  earth,  one 
end  pointing  nearly  north  and  the  other  nearly  south.  If  (.he  bar  he  moved 
from  this  position,  it  will  tend  to  rcassume  it,  and,  after  a  few  oscillations, 
settle  at  res;  as  before.  The  pole  which  points  towards  the  astronomical 
north  is  usually  disi  ingnished  as  the  north  inj!e  of  t lie  bar,  and  that  which 
points  southward,  as  the  south  pole.  A.  suspended  magnet,  either  natural 
or  artificial,  of  symmetrical  form,  servos  to  exhibit  certain  phenomena  of 
attraction  and  repulsion  in  ilie  presence  of  a  second  magnet,  which  de- 
serve particular  attention.  When  a  north  pile  is  presented  to  a  south 
pole,  ora.sou.th  pole,  to  a  north,  attraction  ensues  between  them;  the  ends 
of  the  bars  approach  eacb  other,  and,  if  permitted,  adhere  with  considerable 
force;  when,  on  the  other  hand,  a  north  pole,  is  brought  near  a  second 
north  pole,  or  a  smith  polo  near  another  so  tub  pole,  mutual  repulsion  is  ob- 
served, and  the  cutis  of  the  bars  recede  tVoiu  each  other  as  far  as  possible, 
Poles  of  an  opposite  inline  e.'.'r.f.',  nnd  nf .,  similar  nam?  repd  each  other.  Thus, 
a  small  bar  or  needle  of  steel,  properly  magnetized  and  suspended,  and 
having  its  poles  marked,  beeuntes  an  instrument  fitted  not  only  to  discover 
the  existence  of  magnetic  power  in  ether  bodies,  but  to  estimate  the  kind 
of  polarity  affected  by  their  d  liferent  parts, 

A  piece  of  soft  iron  brought  into  I  he  ueitrliborhood  of  a  magnet  acquires 
itself  magnetic  properties:  I  he  intensity  of  the  power  thus  conferred  de- 
pends upon  that  of  the  magnet  and  upon  the  interval  wliich  divides  the 
two,  becoming  greater  as  that  interval  decreases,  and  greatest  of  all  when 
in  actual  contact.  The  iron,  under  ibese  circurasiances,  is  said  to  be  mag- 
netized by  induction  or  influence,  and  the  effect,  which  in  an  instant 
reaches  its  maximum,  ia  at  once  tie  si  roved  by  removing  the  magnet. 

When  steel  is  substituted  for  iron  in  this  experiment,  the  inductive  action 
is  hardly  perceptible  nl  first,  and  (inly  becomes  manifest,  after  the  lapse  of 
a  certain  time :  in  this  condition,  wdien  the  steel  bar  is  removed  from  the 
magnet,  it  retains  a  portion  of  the  induced  polarity.     H  becomes,  indeed, 
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o,  permanent,  magnet,  similar  to  I  lit-  fir.-' I ,  and  re  lain?  its  peculiar  properties 
for  an  indefinite  period. 

A  fiii  rtb.uilar  name  is  given  in  this  resi 
a  greater  or  less  degree  botli  to  the  devi 
sei;nent  dost  ruction  ;    it-  is  called  specific  t 

The  rule  which  regulates  I  lie  induction  of  magnetic  polarity  in  all  cases 

is  exceedingly  simple,  mid   most   important,  to   lie  remembered.      The  pole 

produced  is  always   of  the    opposite  name   to    that.   which    produced    it,   a 

north  pole   devolopit,;;  south    polarity, 

Fig.'ii.  and  a-  south  pole  north  polarity.      The 

=  north  pole  of  i  lie  tna.euei  figured  in  I  lie 

/sketch  induces  south  polarity  in  all  the 
nearer  extremities  of  the  pieces  of  iron 
or  steel  which  surround  it,  and  a  state 
Similar  to  its  own  in  all  the  mere  remote 
extremities.  The  iron  thus  magnetized 
is  capable  of  exerting  a  similar  induc- 
tive action  on  a  second  piece,  and  that 
upon  a  third,  and  so  to  a  great  number, 
the  intensity  of  the  force  diminishing 
as  the  distance  from  the  permanent 
magnet  increases.  It  is  in  this  way 
that  a  ni;igiii!t.  is  enabled  to  hold  up 
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Magnetic  polarity,  similar  in  degree  to  that,  which  iron  presents,  has 
been  found  only  in  some  of  the  compound*  of  iron,  in  nickel  and  in  cobalt. 

Magnetic  attractions  and  remilsious  arc  nut-  in  the  slightest  degree  inter- 
fered with  by  Hie  interposition  of  sub-lancet  destitute  of  magnetic  proper- 
ties. Thick  plates  of  I'la.ss.  shellac,  metals,  wood,  or  of  any  substances 
except  those  above  mcuiiourd,  may  bo  placed  between  a  magnet  and  a  sus- 
pended neodle,  or  a  piece  of  iron  under  its  innuonco,  the  distance  being 
preserved,  without  the  least,  perceptible  alteration  in  its  attractive  power, 
or  force  of  induction. 

One  kind  of  polarity  cannot  be  exhibit. 
words,  a  magnetic  pole  cannot  be  insulate 
he  broken  at  its  neutral  point,  or  in  the  n 
acquires  an  opposite  pole,  so  tiiut.  both  por 

magnets ;  and.  if  the  division  be  carried  slid  further,  if  the  bar  be  broken 
into  a,  hundred  pieces,  each  fragment  will  be  a  complete  magnet,  having 
its  own  north  and  south  poles. 

This  experiment  serves  to  show  very  clearly  that-  the  apparent  polarily 
of  the  bar  is  the  consequence  of  flic  polarity  of  each  individual  particle, 


the  other.  In  other 
lagneti/cd  bar  of  steel 
h  of  the  broken  end.- 
a  perfect 
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of  little  magnets  regularly  arranged  side  by  side,  all  having  their  north 
poles  looking  one  way.  and  their  s  -■  1 1 1 1 e  poles  the  other.  The  middle  portion 
of  such  a  system  cannot  possibly  esliihit.  attractive  or  repulsive  effects  on 
ibil  external  body,  because,  each  pole  is  in  close  juxtaposition  with  one  of 
an  opposite  name  am!  i.!'  equal  power;  hence  their  forces  will  he  exerted 
in  opposite  direction*  and  neutralize  each  other's  influence.  Such  will  not 
be  the  case  at  the  extremities  of  the  bur;  there  uncompensated  polarity 
will  be  found  capable  of  exerting  its  specific  power. 

This  idea  of  regular  polarhaiion  uf  pariicles  of  matter  in  virtue  of  a 
pair  of  opposite  and  cipial  forces,  is  not  confined  to  magnetic  phenomena; 
it.  is  the  leading  principle  in  dec  I  eical  science,  ami  is  con 'I  an  fly  reproduced 
in  some  form  or  other  in  every  discussion  invuiving  ihe  consideration  of 
molecular  forces. 

Artificial  sleel  magnets  arc  made  in  a  gron.t  variety  of  forms:  such  as 
small  light  needles,  mounted  with  an  agate  cap  for  suspension  upon  a  fine 
point;  straight  burs  of  various  kinds:  lines  curved  into  the  shape  of  a 
horse-shoe,  &c.  All  these  have-  regular  polarity  communicated  to  them  by 
certain  processes  of  rubbing  or  louelnng  with  anolhor  magnet,  which  re- 
quire care,  but  are  not.  otherwise  difficult  of  execution.  When  great  power 
is  wished  for,  a  number  of  bars  may  be  screwed  together,  with  their  similar 
ends  in  contact,  and  in  ibis  way  it  is  easy  to  construct  permanent  steel 
magnets  capable  of  sustaining  great  weights.  To  prevent  the  gradual 
destruction  of  magnetic  force,  which  would  otherwise  occur,  it  is  usual  to 
arm  each  polo  with  a  piece  of  soft  iron  or  keeper,  which,  becoming  mag- 
netized by  induction,  serves  to  suslaln  die  polarity  of  the  bar,  and  in  some 
cases  eveti  increases  ils  energy. 

The  direction  spontaneously  assumed  by  a  suspended  needle  indicates 
that  the  earth  itself  bas  the  properties  of  :m  enoemons  magnet,  whose 
south  magnelio  force  is  cone  col  rated  in  the  nor;  hern  hemisphere.  A  line 
joining  the  two  poles  of  such  a  needle  or  bar  indicates  the  direction  of  the 
so-called  magnetic  iperidiaii  of  the  place,  which  is  n  vertical  plane  coincident 
with  the  direction  of  the  needle. 

The  magnetic  meridian  of  a  place  is  not  usually  coincident  with  its  geo- 
graphical meridian,  but  makes  with  the  latter  a  certain  single  called  the 
ii;>:i;.nittJ.r,n  of  the  needle. 

The  amount  of  the  declination  of  the  needle  from  the  true  north  and 
south  not,  only  varies  at  different-  places,  bin  in  the  same  place  is  subject 
to  daily,  yearly,  and  secular  fluctuations,  which  are  called  the  variations 
of  declination.  Thus,  at  the  commencement  of  tbe  17th  century,  the  de- 
clination, in  London,  was  eastward;  in  1GU0  it.  was  0;  that  is,  the  needle 
pointed  due  north  and  south.  Afterwards  it  became  wesierly,  slowly  in- 
creasing until  the  year  I81S,  when  it  reached  2-1°  80',  since  which  time  it 
has  been  slowly  diminishing,  and,  in  the  present  year  (' 1H68)  it  is  20°  10'. 

Of  late  the  march  of  the  daily  variations  of  declination  has  been  care- 
fully compared  with  the  positions  of  the  sun  as  well  as  the  moon  at  Ihe 
Corresponding  period.  This  inquiry,  suggested  by  Hciicra-l  Sabine,  and 
carried  on  for  a  number  of  years  in  several  localities,  has  led  to  the  re- 
markable result  that  these  celestial  bodies  excel,  a  definite  influence  upon 
the  magnetic  needle,  and  must  therefore  be  considered  us  magnets,  like  (.lie 
earth  itself. 

If  a  steel  bar  be  supported  on  a  hon/oraal  avis  passing  exactly  through 
its  centre  of  gravity,  it  will  of  course  remain  equally  balanced  in  any 
position  in  which  il  may  happen  lo  be  placeil;  if  tbe  bar  so  adjusted  be 
then  magnetized,  it  will  he  found  to  lake  a  permanent  direction,  the  north 
polo  being  downwards,  ami  the  bar  making,  in  l.omloii.  mi  angle  of  about 
lit-'J.  Willi  a  liomoilial  plane  passing  through  the  axis.  This  is  called  the 
dip  or  inclination  ill'  the  needle,  and  shows  the  direction  in  which  the  force. 
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of  terrestrial  magnetism  is  niosl  energetically  everted,  The  amount  of  tbis 
dip  is  different  in  different  latitudes.  Xcar  the  equator  it  is  very  small, 
the  needle  remaining  nearly  or  quite  horizontal;  as  the  latitude  increases, 
the  flip  becomes  move  decided  ;  an'!  occr  tin;  magnetic  pole  the  bar  becomes 
completely  vertical.  Hitch  a  situation,  is,  in  fact.,  to  be  found  in  the  northern 
hemisphere,  considerably  soul  li  of  the  geographical  pole,  on  the  west  coast 
of  Boothia  Felix,  lat.  70°  5'  N.  and  long.  96"  46'  "W.  ;  the  dipping-needle 
has  hero  been  seen  to  point  directly  down wards,  while  the  horizontal  or 
:-..-.in[iM---tieed?e  ceased  to  traverse.  In  the  soiithern  li  em  i  sphere  it.  is  the 
south  pole  which  dips.  The.  position  of  the  south  magnetic  pole  has  been 
determined  hy  the  observations  of  Captuin  J  nines  Koss  to  be  about  lat, 
73°  S.  and  long.  130°  E. 

15y  observing  a  great,  number  of  points  hear  Ihe  equator  in  which  the 
dip  becomes  reduced  to  nothing,  n  line,  cutting  the  equator  in  two  points, 
may  be  traced  around  the  envth,  oalled  the  magnetic  equator,  and  on  both 
sides,  a  number  of  sma-ler  closed  curves  culled  lines  of  equal  dip.      These 

and  tiie  parallels  of  latitude,  the  magnetic  equator  deviating  from  the  ter- 
restrial one  as  much  as  1-°  a.r.  its  point,  of  greatest,  divergence.  Like  the 
horizontal  declination,  the  dip  is  also  subject  to  changa.'  at  the  same  place. 
Obscrvalions  have  not  yet  been  made  during  soiheiotit  time  to  determine 
accurately  the  law  and  rate  of  alteration,  and  groat  practical  difficulties 
exist  also  in  the  nonstruction  of  Ihe  instruments.  In  the  year  1773,  it  was 
about  72°:  in  London  at  the  present,  time  it  is  67°  57'. 

The  inductive  power  of  the  magnetism  of  the  earth  may  he  shown  by 
holding  in  a  vertical  position  a  bar  of  very  soft  iron;  the  lower  end  will 
be  found  to  possess  north  pohirily.  ami  the  upper,  tin;  contrary  state.  On 
reversing  the  bar,  the  poies  are-  also  reversed.  All  musses  of  iron  what- 
ever, when  examined  by  a  suspended  needle,  will  he  found  in  a  stale  of 
magnetic  polarity  by  tiie  inlloonoo  of  the  earth  ;  iron  columns,  tools  in  a 
smith's  shop,  fire-irons,  and  ether  like  objects,  are  all  usually  magnetic, 
arid  tbose  made  of  steel  permanently  so.  On  hoard  ship,  the  presence  of 
so  many  large  masses  of  iron — guns,  anchors,  water-tanks,  &c,  —  Ihus 
polarized  by  Ihe  earth,  causes  a  derangement,  of  Ihe  compass-needles  to  a 
very  dangerous  ex  I  cut :  happily  a  plan  has  been  devised  for  determining 
the  amount  of  this  local  at  t  raid  ion  in  different  positions  of  the  ship,  and 
making  suitable  cor  recti  ens. 

The  mariner's  compass,  which  is  oo:hiug  more  than  a  suspended  needle 
attached  to  a  circular  card  marked  with  the  points,  was  not  in  general  use 
in  Europe  before  tiie  year  1  BO'i,  although  the  Chinese  have  had  it  frum  very 
early  antiquity.  Its  value  to  ilte  navigator  ':-■  now  Aery  much  increased  by 
correct  observations  of  the  exact,  amount,  of  the  declination  in  various 
parts  of  the  world. 

Probably  every  substance  in  the  world  contributes  something  to  the 
magnetic  action  of  the  earth;  for  according  to  the  latest  discoveries  of 
1'itraday,  magnet  is  to  is  not  peculiar  to  1  Ini'e  suli-tanccs  v.  hich  have  more 
especially  been  called  lmiguetio,  such  as  iron,  nickel,  cobalt;  but  it  is  the 
properly  of  all  metals,  though  to  it  much  smaller  tUgtce.  Very  powerful 
magnets  are  required  to  show  this  remarkable  fact.  Large  horse-shoe 
magnets,  made  by  the  action  of  tiie.  electric  current,  are  most  proper.  The 
magnetic  notion  on  different  subslmccs  which  are  capable  of  being  easily 
moved,  differs  not  only  according  to  the  size,  hut  also  according  to  the  na- 
ture of  the  substance.  In  consequence  of  ibis,  i'arndity  divides  all  bodies 
Into  two  classes.  He  calls  the  otic  magnetic,  or,  better,  pa-ramni/Hiiii;  anil 
the  other  diaw-ngiiclir.. 

The  matter  of  which  a  Jul  ramncraqh:  (magnetic;;  body  consists  is  attracted 
by  both  poles  of  the  horse-shoo  magnet;  on  the  contrary,  the  matter  of  a 
Haslet,  by  G00gk 
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ilia  magnetic  body  is  repelled.  When  si.  small  iron  bar  is  hung  by  untwisted 
silk  between  the  poles  oi'  the  magnet,  so  that  ils  luii»  diameter  can  easily 
move  in  a  horiaoni.nl  plane,  it  arranges  itself  ixlally.  1  hat  is,  parallel  to  the 
straight  line  which  joins  the  poles,  or  to  the  magnetic  axis  of  the  poles; 
assuming  at  the  end  which  is  nearest  the  north  jiole.  a  smith  pole,  and  at 
the  end  nearest  the  south  pole,  a,  north  pole.  Whenever  the  little  bar  is 
removed  from  this  position,  after  a  ft",v  oscillations,  it  returns  again  to  its 
previous  pesition.  The  whole  class  of  paramagnetic  bodies  behave  in  a 
precisely  similar  way  under  similar  circumstances ;  hut  in  the  intensity  of 
the  effects  great  differences  occur. 

Diamaguelic  bodies,  on  Hie  eoncra.ry,  have  Iheir  long  diameters  placed 
equatorially,  that  is,  at  right  angles  lo  the  magnetic  axis.  They  behave, 
as  if  at  the  end  opposite  to  each  pole  of  the  magnet  the  same  kind  of  po- 
larity existed. 

In  the  first  class,  oi'  substances,  besides  iron,  which  is  the  best  represen- 
tative of  the  class,  we  have  nickel,  cobalt,  mangnnese,  chromium,  cerium, 
titanium,  palladium,  platinum,  osmium,  ulinniiiium,  oxygen,  and  also  most 
of  the  compounds  of  these  bodies;  must  of  them,  even  when  in  solution. 
According  to  Faraday,  the  following  substances  are  also  feebly  paramag- 
netic (magnetic):  paper,  sealing-wax,  Indian-ink,  porcelain,  asbestos, 
fluor-spar,  minium,  cinuiLhar,  i.'hio.vidi!  of  lead,  saiphate  of  zinc,  tourma- 
line, graphite,  and  charcoal. 

In  the  second  class  are  placed  bismuth,  antimony,  /inc.  tin,  cadmium, 
sodium,  mercury,  lead,  silver,  copper.  gold,  arsenic,  uranium,  rhodium, 
iridium,  tungsten,  phosphorus,  iodine,  sulphur,  chlorine,  hydrogen,  and 
many  of  their  compounds.  Also,  glass  free  from  iron,  water,  alcohol, 
ether,  nitric  acid,  hydrochloric  acid,  resin,  wax,  oiive  oil,  oil  of  turpentine, 
caoutchouc,  sugar,  starch,  gum,  and  wood.      These  are  diamagnetiu. 

If  diamagnetic  and  paramagnetic  bodies  are  combined,  their  peculiar 
properties  are  destroyed.  In  most  of  these  compounds,  occasionally,  in 
consequence  of  the  presence  of  the  smallest,  quantity  of  iron,  the  peculiar 
magnetic  power  remains  more  or  less  in  excess.  Thus  green,  bottle-glass 
and  many  varieties  of  crown  ^.j?*  are  magnetic  in  consequence  of  the  iron 

In  order  to  examine  the  magnetic  properties  nl'  fluids,  they  are  placed  in 
very  thin  glass  tubes,  the  ends  of  which  are  then  closed  by  melting  ;  they 
are  then  hung  horizontally  between  lite  poles  of  Die  magnet.  Under  the 
influence  of  poles  sufficiently  powerful,  ( hey  begin  to  swing,  and  according 
as  the  fluid  contents  are  pu-aiuagr.oiio  imagticuo)  or  U\  a  magnetic,  they 
assume  an  axial  or  equatorial  position. 

Faraday  has  tried  the  magnetic  condition  of  gases  in  different,  ways. 
One  method  consisted  in  making  soap-bubbles  with  the  gas  which  he 
wished  to  investigate,  and  bringing  these  near  the  poles.  Soap  and  water 
alone  is  feebly  diamagnetic.  A  bubble  tilled  with  o.iygeu  was  strongly 
attracted  by  the  magnet.  AS!  other  gases  in  (lie  air  a.ve  diamagnetic,  that 
is,  they  are  repelled.  Jlut,  as  Faraday  has  shown,  in  a  different  way,  this 
partly  arises  from  the  paramagnetic  (magnetic)  property  of  the  air.  Tims 
he  found  that  nitrogen,  w  hen  this  differential  action  was  eliminated,  v,  as 
perfectly  indifferent,  whether  it  was  condensed  or  ruroliod,  whether  cooled 
or  heated.  When  the  temperature  is  raised,  the  iliamagnctic  property  of 
gases  in  the  ail'  is  increased.  Hence  the  flume  of  a  candle  or  of  hydrogen 
is  strongly  repelled  by  the  magnet.      Even  warm  air  is  diamagnetic  in  cold 

For  some  time  it.  had  been  belo-ved  (ha(  bodies  in  a  crystalline  form  had 
1  special  and  peculiar  bcimviov  when  placed. between  the  pol«s  of  a  mag- 
net. It  appeared  as  though  the  magnetic  directing  power  of  the  crystal 
had  some  peculiar  relittiot;  lo  lite  position  of  iis  optic  axis;  so  that,  inde- 
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pendently  of  the  magnetic  property  of  (iie  substance  of  the  Crystal,  if  (he 
crystal  was  positively  optical,  it  possessed  the  power  of  placing  its  optic 
axis  parallel  with  tiiti  linn  which  joined  the  polo*  of  tin:  magnet,  while 
pptioolly  negative  crystals  tried  to  arnmge  their  axis  at  right  angles  to 
this  line.  This  supposition  is  disproved  l:.y  the  excellent  investigation  of 
Tyndall  and  Knoblauch,  v,  Inj  showed  that  except  1011*  to  I  he  above  law  are 
furnished  by  all  classes  of  crystals,  and  proved  that  tlie  action,  instead  of 
being  independent  of  the  magnetic  nature  of  the  mass,  was  eompletely  re- 
versed where,  in  isomorphous  crystals,  a  magnetic  constituent  was  substi- 
tuted for  adiamagnetie  one.  Itejectit:^  the  various  now  forces  assumed, 
ivinliill  and  Knoblauch  referred  the  unserved  phenomena  :■>  the  I'leiili- 
cation  of  the  magnetic  force  by  structure,  and  they  imitated  the  effects 
exactly,  by  means  of  substances  whose  structure  lind  been  modified  by 
compression.  In  a  later  invest  igation,  Tyndall  d  cm  oust  rated  the  funda- 
mental principle  00  which  these  phenomena  depend,  showing  that  (be  entire 
miss  of  a  magnetic  body  is  most  strongly  attracted  when  the  attracting 
force  acts  parallel  to  the  line  of  com  pre**  ion ;  and  that  ;t  diamagnolie  sub- 
stance is  most  strongly  repelled  when  the  repulsion  nets  along  the  same 
line.  Hence  when  such  a  body  is  freely  suspended  in  the  magnetic  field, 
the  line  of  compression  most  set  axial  or  equatorial,  according  as  the  mass 
is  magnetic  or  diamaghetic.  '  faraday  w;ls  the  first  to  establish  a  differen- 
tial action  of  this  kind  in  the  case  of  bismuth  ;  Tyndall  extended  it  to 
several  magnetic  and  diamaguetic  crystals,  and  showed  that  it  was  not 
confined  to  them,  but  was  a  general  property  of  matter.  It  was  also 
proved  that  for  a  fixed  distance  the  attraction  of  a  magnetic  sphere,  and 
the  repulsion  of  a  diamaguetic  sphere,  followed  precisely  the  same  law, 
both  being  exactly  prnoorlioncd  to  the  square  of  the  exciting  current. 

The  phenomena  of  diainagnclisiti  naturally  suggest  the  inquiry,  whether 
the  repulsion  oxe.eted  by  a  magnetic  pole  on  diuiuagjiolic  bodies  is  a  force 
distinct  from  that,  of  magnet  ism  as  exerted  upon  iron  and  other  bodies  of 
the  magnetic  class ;  or  whether,  on  the  other  hand,  the  magnetic  and  dia- 
maguetio conditions  of  matter  are  merely  relative,  so  that  all  bodies  are 
magnetic  in  different  degrees,  and  the  apparent  repulsion  of  a  dia  magnetic 
body,  sueh  as  bismuth,  is  merely  the  result,  of  its  being  attracted  by  the 
magnet  less  than  tbe  particles  oi"  the  surrounding  medium,  just  as  a  balloon 
recedes  from  the  earth  because  its  weight,  is  loss  than  that,  of  an  equal  bulk 
of  the  surrounding  air.  It  is  easy  to  show  that  the  same  body  may  appear 
magnetic  ur  diarnagnolio,  according  to  the  medium  in  which  it  is  placed. 
Ferrous  sulphate  in  a  magnetic  substance,  and  water  is  dia magnetic:  hence 
it.  is  possible,  by  varying  the  strength  of  an  aqueous  jolul.ion  of  this  salt, 

to  make  it  either  magnetic,  indifferent,  or  dia gnotie  when  suspended  in 

air.  Again,  a  tube  coins  in  i  tig  :i  i-,,liLtijii  id'  ferrous  protosulphate  suspended 
horizontally  within  ajar  also  tilled  with  a  solution  of  the  same  salt,  and 
placed  between  the  poles  of  two  powerful  electro-magnets,  will  place  itself 
axially  or  equator] ally,  according  a-  the  solution  contained  in  it  is  stronger 
or  weaker  tian  that  in  the  jar.  In  the  same  manner,  then,  we  may  conceive 
that  bismuth  places  itself  c<ptulorially  between  two  magnetic  poles,  because 
it  is  less  magnetic  than  the  surrounding  air.  lint  the  diamagnelism  of 
bismuth  and  other  bodies  of  the  same  class  shows  itself  in  a  vacuum  at 
well  as  in  air;  hence,  if  diamagnelism  is  not.  to  be  regarded  as  a  distinct 
force,  we  must,  suppose  that  the  t-.il.e.r  is  also  magnetic,  and  occupies  in  the 
magnetic  scale  the  place  intermediate  between  magnetic  and  dia  magnetic 
bodies. 

That  a  body  suspended  in  a  medium  of  greater  magnetic  susceptibility 
than  itself  will  recede  from  a  tiiapictU!  pole  in  '/.■.  neighborhood,  in  con- 
sequence of  the  greater  force  widi  which  tin:  particles  of  the  medium  are 
impelled  towards  the  magnet,  is  so   obvious  a  consequence  of  mechanical 
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laws  that  we  can  scarcely  avoid  a'trib^in^  1 1n-  'nuvomoiits  of  diamagnetic 
bodies  to  the  cause  . ju fit.  montioned;  at.  l«aKt,  when  r.hn  li..dy  is  suspended  in 
air  or  other  magnetic  gas.  There  i.-,  Iicwevcr,  some  difficulty  in  reconciling 
the  above  described  plienomeaa  of  oiimpivssod  and  crystallized  bodies 
with  this  view;  and,  moreover.  Tyndall  has  shown,  by  a  method  which 
We  cannot  here  desoribe,*  thai  ddani!:;;  actio  bodies  jjossoss  opposite  polos, 
analogous  to  those  of  magnetic  bi:nii«s:  oach  of  these  polos  being  attraciod 
by  one  pole  of  a  nujiiri  and  re]!''.' led  by  the  ot.lu'r.  Ibis  polarity  shows 
decidedly  that  (he  properi  ios  of  dinrna^m'tie  bodies  oamiot  be  wholly  due 
to  the  differential  action  above  taeni  ionod ;  for  if  I  hey  were,  every  part  of 
a  diamagnetic  body  inuld  >j c  repelled  by  oitlicr  pole  of  a  magnet.  Dia- 
magnetism  must  fbereforo,  for  the  present  til  least,  be  regarded  as  a  force 
distinct  from  magnetitm. 

•  Phil,  Trans.,  1855  and  1B50.    Sue  iiIsj  Wiu.is's  Ii  l^:.:L;,l[-v  ot  Cii'-miatrv,  vol.  iii.  p.  778. 
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IF  glass,  amber,  or  sealing-wax  be  )-ubl>L'-'t  with  a  dry  cloth,  it  aequirea 
the  power  of  attracting  light  bodies,  as  feathers,  dust,  ur  bits  of  paper  : 
this  is  the  result  of  a,  new  and  peculiar  condition  of  the  body  rubbed, 
called  electrical  excitation. 

If  a  light  downy  feather  be  suspended  by  a  thread  of'  wliitc  silk,  and  a 
dry  glass  tube,  excited  by  ruhbtng.  be  presented  to  it,  the  leather  will  be 
strongly  attracted  to  the  rube,  adhere  to  its  suH'aoe.  for  a,  Jew  seconds,  and 
then  fall  oJT.  If  the  tube  be  now  e soiled  anew,  and  presented  to  the  feather, 
the  latter  will  be  strongly  repelled. 

The  same  experiment  may  lie  repealed  with  shellac  or  resin;  the  feather 
in  its  ordinary  stale  will  be   drawn  towards  the    excited  hody,  and,  after 

Now,  let  the  feather  be  brought  into  contact  with   the  excited  glass,  so 

ns  to  be  repelled  by  that  substance,  and  1st.  a  piece  of  o.veilod  sealing-waK 
be  presented  to  it:  a  degree  of  attraction  will  lie  observed  far  exceeding 
that  exhibited  when  the  leather  is  in  its  ordinary  state.  Or,  again,  let  the 
feather  be  made  repulsive  for  sealing-wu*,  and  then  the  excited  glass  be 
presented:    strong  attraction  will  ensue. 

The  reader  will  at  once  see  the  perfect  parallelism  between  the  effects 
described  and  some  of  the  phenomena  u:  imi^uclism,  the  electrical  excite- 
ment having  a  twofold  nature,  like  the  opposite  polarities  of  the  magnet, 
A  body  to  which  one  kind  of  excitement  has  been  communicated  is  at- 
tracted by  another  body  in  the  opposite  state,  and  repelled  by  one  in  the 
Bame  state;  the  excited  -lass  and  resin  being  lo  each  other  as  the  north 
and  south  poles  of  a  pair  of  magnetized  bars. 

To  distinguish  these  two  different  forms  of  excitement,  terms  are  em- 
ployed which,  altliiiii^ii  iji'ij; iiuiirig  in  slum;  measure  in  theoretical  views 
of  the  nature  of  the  electrical  disturbance,  may  be  understood  by  the 
student  as  purely  arbitrary  and  distinctive:  it.  is  customary  to  call  the 
electricity  manifested  by  fflass  nibbed  with  silk  /^.•iliv:.  or  vitreous,  and  that 
developed  in  the  case  of  shellac,  anil  bodies  of  Ihe  same  class  rubbed  with 
flannel,  negative  or  faw.  The  kind  of  clcolriei;y  depends  in  some  measure 
upon  the  nature  of  the  surface  anil  the  quality  of  t.he  rubber;  smooth  and 
perfectly  clean  glass,  rubbed  with  silk,  becomes  positive,  but  when  ground 
or  roughened  by  sand  or  emery,  it  acquires,  under  the  same  circumstances, 
a  negative  charge,  ti-luss  dried  over  a  ga.s  flame  and  rubbed  with  wool  is 
generally  also  negative  ;  when  drhni  over  it  fire  of"  wood-charcoal  it  remains 
positive. 

The  repulsion  shown  by  bodies  in  the  same  electrical  state  is  taken  ad- 
vantage of  to  construct  instruments  for  indicating  olee:  rieal  excitement  and 
pointing  out-  its  kind.  Two  balls  of  elder  pith,  hung  by  threads  or  very 
fine  metal  wires,  serve  this  purpose  in  many  cases:  they  open  out  when 
excited,  in  virt.ue  of  their  mutual  repulsion,  and  show  by  the  degree  of 
divergence  the  extent  to  which  the  excitement  bus  been  carried.  A  pair 
of  gold  leaves  suspended  (o  a  metal  rod  bavins:;  n  brass  plate  on  its  upper 
end  constitute  a  much  more  delicate  arrangement.,  and  one  of  great  value 
in  all  electrical  investigations.     The  rod  should  bo  covered  with  a  thick 
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coating  of  shellac,  ami  it  muat  be  fastened  hy  means  of  a  cork,  air-tight, 
into  a  glass  flaslt.  The  fia.sk  most  .have  boon  perfectly  dried  previously  by 
warming  it.      These  instruments  m. i  o  coiled  electroscopes  or  electrometers: 


when  excited  by  Hie  communication  of  a  known  kind  of  electricity,  they 
show  by  an  increased  or  diminished  divergence,  ike  state  of  an  electrified 
body  'orir.igin  into  their  neighborhood. 

One  kind  of  electricity  can  no  more  lm  developed  ivii  limit  tile  other  than 
one  kind  of  magnetism  :  tin:  ru'eher  and  the  tody  ruiiiicd  always  assume 
opposite  states,  ami  the  pesiiive  condition  01:  ihc  surf  ace  of  a  mass  of  matter 
is  invariably  accompanied  by  a  negative  stai.e  in  .ill  surrounding  bodies. 


■©*  Q*  -©*  -Q- 


The  induction  of  magnetism  in  soft  iron  has  its  exact  counterpart  in 
electricity:  a  body  already  electrified  disturbs  or  pobinies  the  particles 
of  all  surrounding  substances  in  the  same  manner  aod  according  to  the 
same  law,  inducing  a  state  opposite  to  its  own  in  the  nearer  portions, 
and  a  similar  state  in  the  more  remote  parts.  A  series  of  globes  sus- 
pended by  silk  threads,  in  the  manner  rcpresen'ed  in  fig.  77,  will  each 
become  electric  by  induction  when  a  charted  body  is  brought  near  the  end 
of  the  scries,  like  so  many  piece?  of  iron  in  !  lie  vicinity  of  a  magnet,  the 
positive  half  of  each  iilobe  looking  in  one  and  the  same  direction,  and  the 
negative  half  in  the  opposite  one.  The  positive  and  negative  signs  are 
intended  to  represent  the  states. 

The  intensity  of  the  induce  I  etoci  ric-ul  :.!isl  iiriinr.oo  diminishes  with  the 
distance  from  the  charged  body ;  if  ihis  be  removed  or  discharged,  all  the 
elltcis  cease  at  once. 

So  far,  the  greatest  resemblance  may  bo  traced  between  these  two  sets 
of  phenomena;  but  here  it  seem;  in  groat  mcusnre  in  cense.  The  magnetic 
polarity  of  a  piece  of  steel  can  awaken  fmlari ty  in  a  second  piece  in  con- 
tact with  it  by  tire  act.  of  induction,  and  in  so  doing  loses  nothing  whatever 
of  its  power:  this  is  an  effect  completely  difi'crcni  from  tho  apparent 
transfer  or  discharge  of"  deet.riciJy  constantly  iv.ii.ticssed.  which  in  the  air 
and  in  liquids  often  gives  rise  to  IliO  anpearut1  ee  of  a  bright,  spark  of  fire. 
Indeed,  ordinary  iiiu;;r:ri  ic  elbx-ls  comi'iriss  twu  groups  of  phenomena  only, 
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those,  namely,  of  nil  meiion  and  repulsion,  and  those  of  induction.  But 
in  electricity,  in  addition  10  phenomena  very  closely  resembling  these,  wc 
have  the  effects  of  dtscitarge,  to  which  there  is  noting  analogous  in  magnetism, 
and  which  takes  place  in  an  instant  when  any  electrified  body  is  put  in 
communication  with  the  earth  by  any  one  of  tin:  ciass  of  substances  called 
conductors  of  electricity,  ail  signs  of  elect 1  ica)  disturbance  then  ceasing. 

These  conductors  of  clectrioiiy,  which  thus  permit,  discharge  to  take 
place  through  their  mais.  arc  contrast.,  d  nil  h  anoiher  class  of  substances 
called  non-conductors  or  insulators.  The  difference,  however,  is  only  one 
of  degree,  not  of  kind  :  Ihc  very  Inst  conductors  offer  a.  certain  resistance 
to  the  electrical  discharge,  and  the  most  perfect  insulators  permit  it  to  a 
small  extent.  The  metals  are  by  far  the  best  conductors;  glass,  silk, 
shellac,  and  dry  gas  or  vapor  of  any  sort,  [lie  very  worst;  and  between 
those  ihcre  are  bodies  of  all  degrees,  of  conducting  power. 

Electrical  disc)  tarn  us  take  place  silcnily  and  without  disturbance  in  good 
conductors  of  sufficient  size.  Hut.  If  the  charge  be.  very  intense,  and  the 
conductor  very  small,  or  imperfect,  from  its  nature,  it  is  often  destroyed 
with  violence. 

"When  a  break  is  made  in  it  condneiov-  eni[i'nycd  in  c  licet  lug  the  discharge 
of  a  highly  excited  body,  disruptive  or  spark-discharge,  so  well  known, 
takes  place  across  rise  intervening  air.  provided  ilie  ends  of  the  conductor 
be  not  too  distant.  The  electrical  spark  itself  presents  many  points  of 
in  in  res  I   in  the  modifications  to  which  if  is  liable. 

The  time  of  transit  of  the  electrical  wave  through  a  chain  of  good  con- 
ducting -bodies  of  great  length  is  so  minute  as  t.n  be  altogether  inappreci- 
able to  ordinary  means  of  oliserviii  iini.  Professor  Whcatslone's  very  in- 
genious experiments  on  the  subject  jrive,  in  the  instance  of  motion  through 
a  topper  wire,  a  velocity  surpassing  that  of  light. 

Fig.  78. 


Electrical  excitation  is  apr-uniit  only  upon  tjie:  surfaces  of  conductors, 
or  those  portions  directed  roviards  other  objects  capable  of  assuming  the 
opposite  state.  An  insulated  ball  eiia.re.ed  with  positive  electricity,  and 
plaeed  in  the  centre  of  the  room,  is  maintained  in  that,  state  by  the  induc- 
tive action  of  the  walls  of  the  apartment,  which  immediately  become  nega- 
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tively  electrified;  in  the.  interior  of  the  hall  there  is  absolutely  no  electricity 
to  he  found,  although  it  may  be  consti-Liottsii  of  open  metal  gauze,  with 
meshes  half  an  inch  wide.  Even  on  ihc  surface  ilie  distribution  of  elec- 
trical force  is  not  always  the.  same:  it  depends  upon  the  figure  of  the  body 
itself,  and  its  position  with  regard  to  surrounding  objects.  The  polarity 
is  always  highest  in  the  projocling  extremities  of  the  same  conducting  mass, 
and  greatest  of  all  when  those  are  attenuated  le  points ;  in  which  case  the 
inequality  becomes  so  great  that,  discharge  lakes  place  lu  the  air,  and  the  ex- 
cited condition  cannot  be  maintained. 

By  the  aid  of  these  principles,  i.he  construction  a.nd  use  of  the  common 
eleetrical  machine,  and  other  pieces  (,f  apparatus  of  great  practical  utility, 
will  become  intelligible. 

A  glass  cylinder  [tig.  78)  is  mounted  with  its  axis  in  a  horizontal  position, 
and  provided  with  a  handle  or  winch  by  which  it  may  be  turned.  A  leather 
cushion  is  made  to  press  by  a  spring  against  one  side  of  the  cylinder, 
while  a  large  metal  conducting  body,  aimed  with  a  number  of  points  next 
the  glass,  occupies  the  o  liter:  bol  li  cushion  mid  ootid  no  I  or  are  insulated  by 
glass  supports,  anil  l<>  the  upper  edac  of"  Ilie  former  a  piece  of  silk  is  at- 
tached, long  enough  1o  reach  half  round  ihr  cylinder.  Upon  the  cushion  is 
spread  a  quantity  of  soft  amalgam  of  fin,  nine,  and  mercury,*  mixed  up 
with  a  little  grease:  this  substance  is  found  by  experience  to  excite  glass 
most  powerfully.  The  cylinder,  as  if  turn",  thus  becomes  charged  by  fric- 
tions against.  Ilie  rubber,  and  as  quickly  discharged  by  the  row  of  points 
attached  re  the  gee  ill  Botulinum-  ;  and  as  the  hitter  is  also  completely  insu- 
lated, its  surface  speedily  tioqnires  a.  charge  of  positive  electricity,  which 
may  be  communicated  by  contact  to  other  insulated  holies.  The  maximum 
effect  is  produced  when  the  rubber  is  connected  by  a  chain  or  wire  with  the 
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Another  form  of  tlie  electrical  machine  consists  of  a  circular  plate  of 
glass  (fig.  79)  moving  upon  an  axis,  and  provided  with  two  pairs  of  cush- 
ions Of  rubbers,  attached  to  the  upper  ami  lower  parts  of  the  wooden 
frame,  covered  with  amalgam,  between  which  tim  plate  moves  with  con- 
siderable friction.  An  insulated  conductor,  armed  us  before  with  points, 
discharges  the  plate,  as  it  turns.  Hie  rubber  being  at-  the  samo  time  con- 
nected with  tlie  ground  by  the  wood-work  of  the  machine,  or  hy  a  strip  of 
metal.  This-  modification  of  rim  apparatus  is  preferred  in  all  eases  where 
considerable  power  is  wanted. 

In  the  practical  management  of  electrical  .npparains.  great,  care  must  be 
taken  to  prevent  deposition  of  moisture  from  tbc  air  upon  the  surface  of 
the  glass  supports,  which  should  always  be  varnished  v.'ith  line  lac  dissolved 
in  alcohol;  the  -lighted  lilm  of  water  is  sufficient  to  destroy  the  power  of 
insulation.  The  rubbers  also  must  be  carefully  dried,  and,  like  the  plate, 
cleansed  from  adhering  dust,  before  use,  and  I  lie  amalgam  renewed  if  need- 
ful: in  damp  weather  much  trouble  is  often  experienced  in  bringing  the 
maohiue  into  powerful  action. 

"When  the  conductor  of  llic  machine  if  charged  with  electricity,  it  acts  in- 
directly on,  and  accumulates  the  contrary  electricity  to  its  own,  at  the  sur- 
face of  all  the  surrounding  conductors.  It.  produces  the  greatest  effect  oil 
the  conductor  that  is  nearest  to  it  and  is  in  the  best  connection  with  the 
ground,  whereby  the  eloeirieiiy  of  the  same  kind  as.  that  of  the  machine 
may  pass  to  the  earth.  As  the  inducing  electricity  all  racts  the  induced 
electricity  of  an  opposite  kind,  so,  on  (he  other  hand,  is  the  former  attracted 
by  the  latter.  Hence,  ihc  electricity  which  tlie  conductor  receives  from 
the  machino  must  especially  aceiiiiiiiliile  at  thai  spot  to  which  another  good 
conductor  of  electricity  is  opposed.  1  f  a  metal  disc  is  in  connection  with 
the.  conductor  of  a  machine,  and  if  another  similar  disc,  which  is  in  good 
connection  with  the  ca.rt.h,  is  placed  opposite  to  it,  we  have  an  arrange- 
nientliy  wiiieh  to'.crably  large  and  goml  conducting  surfaces  can  be  breugni 
close  to  one  another:  thus  the  positive  condition  of  the  first  disc,  as  well 
as  the  negative  condition  of  the  other,  innsl  be  increased  to  a  very  con- 
siderable degree:  the  limit  is  hi  this  case,  however,  soon  reached,  because 
the  intervening  air  e.nsily  permits  -park-discharge  to  lake  place  through 
its  substance.  Wii.li  a.  solid  insula  ling  body,  as  glass  or  lac,  this  happens 
with  much  greater  difficulty,  even  when  the  plate  of  insulating  matter  is 
very  thin.  It.  is  on  I  his  principle  (hat-  ins!  n  mi  cuts  for  the  accitmttlalivtt  of 
electricity  depend,  among  which  the  Leydeu  jar  is  the  most  important. 

A  thin  glass  jar  is  coated  on  both  -ides  with  tinfoil,  care 
Fi'».  80.  being  taken  to  leave  several  inches  of  I  he  upper  part  un- 

covered (fig.  80)  ;   a  wire,  lermina.ting  in  a  metallic  knob, 
commniiicaies  with  I  he  internal  coaling       When  I  he  out- 
side of  the  jar  is  connected  with  tlie  earth,  and  the  knob 
put  in  contact  with   the    conductor  of  the  machine,  the 
inner  and  outer  surfaces  of  the  glass  become  respectively 
positive  and   negative,  until  a  very  great  degree  of  in- 
tensity has  been  attained,      tin  completing  the  connec- 
tion between  the  two  coalings  by  a  metallic  wire  or  rod. 
discharge  occurs  in  the  form  o"f  an   o-iccodingly  bright 
spark.  accompanied  by  a  burl  snap-,   and  if  the  human 
body  he  interposed  in  the  circuit,  the   peculiar  and  dis- 
agreeable sensation    of"  the   electric  shoe);   is  felt  at   the 
moment  of  its  completion. 
By  enlarging  the  dimensions  of  the  jar.  or  by  connecting  together  a  num- 
ber of  such  jars  In  such  a  manner  lha.i.  all  may  bo  charged  and  discharged 
simultaneously,   tho  power  of  the  apparatus   maybe  greatly   augmented. 
Thin  wires  of  metal  may  be  fused  ami  dissipated  ;   pieces  of  wood  may  be 
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shattered;  many  comiio-tihLo  substances  set  on  fire  ;  ainl  .ill  the  well-known 
cii'rots  of  lightning  exhibited  upon  a  semll  scale. 

The  electric  spark  is  often  very  conveniently  employed  in  chemical 
inquiries  for  firing  gaseous  mi_x.tures  in  closed  vessels.  A.  small  Ley  den  jar 
charged  by  the  machine  is  (lie  most-  etl'c.oi.ive  contrivance  for  this  purpose; 
but,  not  u n frequently,  a  method  may  bo  resorted  to  which  involves  less 
preparation.  The  most  convenient  means  of  generatin;;  electricity  is  that 
proposed  by  Biiosen.  A  largo  porcelain  tube,  which  is  dry  and  warm,  is 
wrapped  round  and  rubbed  briskly  by  a  dry  silken  cloth.  After  each  rub 
the  tube  is  brought  in  the  immediate  neigh  Imrhood  of  the  knob  of  a  small 
Leyden  jar,  the  outer  coin-ins;;  of  this  vessel.  being  in  eonneotiou  with  the 
earth.  The  eloclrophortis  is  also  frequently  used  for  this  purpose.  This 
instrument  consists  of  a  round  tray  or 
dish  of  tinned  plate,  having  a  stout  wire 
round  its  upper  edge ;  the  widt.h  may  bo 
about  twelvo  inches,  and  the  depth  half 
an  inch.  This  tray  is  filled  with  melted 
shellac,  and  the  surface  rendered  as  oven 
as  possible.  A  brass  disc,  with  rounded 
edge,  of  about  nine  inches  diameter,  is 
also  provided,  and  fitted  with  an  insulat- 
ing handle.  When  a  spark  is  "'anted,  the 
resinous  [ilal.fi  is  exeilod  bv  striking  it 
with  a  dry,  warm   piece   of  fur,  or  a  silk 

handkerchief;  the  cover  is  placed  upon  it,  and  touched  by  the  finger,  to- 
gether with  tho  rim  of  the  plate.  When  the  cover  is  raised,  it  is  found  so 
strongly  charged  by  induction  with  posit  ive  electricity,  as  to  give  a  bright 
spark;  and,  as  the  resin  is  not,  discharged  by  the  cover,  which  merely 
touches  it  at  a  few  points,  sparks  may  he  draw  n  its  often  as  may  be  wished. 

It  is  not  known  to  what  cause  the  disturbance  of  the  electrical  equili- 
brium of  the  atmosphere  is  due :  experiment  has  shown  that  the  higher 
regions  of  the  air  are  usually  in  a  positive  strife,  the  intensity  of  which 
reaches  a  maximum  at  a  particular  period  of  the  day.  In  cloudy  and 
stormy  weather  the  distribution  of  iho  atmospheric  electricity  becomes 
much  deranged,  clouds  near  the  surface  of  the  earth  often  appearing  in  & 

The  circumstances  of  a  thunder-!: 
charge  and  discharge  of  a  coated  pi; 
represent,  the  two  coal-ins;*,  and  the 
body  or  dielectric.  The  polarities  of 
stealing  medium  between  them  beco 
violent  disruptive  discharge  takes  pis 
any  other  bodies  which  may  ltappi 


rut  exactly  resemble  those  of  the 
e  or  jar:  the  cloud  and  the  earth 
derveninjT  air  the  had  conducting 
he  oppased  surface  and  of  the  in- 
e  raised  by  mutual  induction,  until 
e  through  the  air  itself,  or  through 
,  ,  o  be  in  the  interval.  When  these 
capable  of  uo-nduci  Lug  freely,  the  disc.iuir^e  is  silont  and  harmless;  but 
iu  other  oases  it  often  moves  highly  destructive.  These  dangerous  effects 
are  now  in  a  great,  measure  obv!  uteri  by  I  lie  use-  of  iight.ning-rnds  attached 
to  buildings,  the  erection  of  which,  however,  demands  a  number  of  pre- 
cautions not  always  understood  or  attended  to.  The  toasts  of  ships  may 
be  guarded  in  like  manner  by  metal  conductors:  Sir  W.  Snow  Harris  has 
devised  a  most  ingenious  plan  for  the  purpose,  which  is  now  adopted,  with 
the  most  complete  success,  in  the  Royal  Navy. 
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upon  them  unequally,  the  electric  equiuonnm  is 
inquiring  tho  positive  roin'iil  i.in,  and  the  other  tin 
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Of  zitie  and  platinum  put.  into  dilute  sulphuric  ncnl.  constitute  an  Arrange- 
ment capable  of  generating  elect  ilea  I  force :  tint  zinc  being  the  metal  at- 
tacked, becomes  negative  ■  and  this  platinum  remaining  unaltered,  assumes 
the  positive  condition ;  and  on  making  ji  metallic  communication  in  any 
way  between  the  two  plates,  discharge  ensues,  as  when  the  two  surfaces 
of  a  coated  and  charged  jar  are  put  into  connection. 

No  sooner,  however,  lias  Ibis  occurred,  ilian  the  disturbance  is  repeated ; 
and  as  these  successive  charges  aiu.1  liisc.harges  lake  place  through  the  fluid 
and  metals  with  ineonci/ivabio  rapidity,  ihe  result  is  an  apparently  con- 
tinuous aetion,  to  which  the  term  thelrintl  enrrt.nl  is  given. 

It  is  necessary  to  guard  ami i list  the  idea,  which  the  term  naturally  sug- 
gests, of  an  actual  bodily  transfer  of  something  through  the  substance  of 
the  conductors,  like  '.valor  through  a  pipe:  Ihe  real  naiure  of  all  these 
it.irely  unknown,  and  nmy  perhaps  remain  so;  tbe  expres- 
mvenient  not.  with  standing,  and  consecrated  by  !oug  use;  and  with 
ion,  the  very  dangerous  error  of  applying  figurative  language  to 
in  effect,  and  then  seeking  the  nature  of  the  effect  lioai  Hie 
meaning  of  words,  may  be  avoided. 
The  intensity  of  the  electrical  excitement  developed  by  a  single  pair 
of  metals  and  a  liquid  in  too  feeble  to  affect  the  most,  delicate  gold-leaf 
elcotroscope ;  hut,  by  arranging  a  number  of  such  alternations  in  a  con- 
nected series,  in  such  a  maimer  I  hat  the  direction  of  the  current  shall  bo 
the  same  in  each,  the  intensity  may  he  very  greatly  exalted.  Tho  two  in- 
struments invented  by  Yolia,  called  ihe  pile  and  erowti  of  cups,  depend 
upon  this  principle. 

'  '  is  laid  a  piece  of  cloth,  rather  smaller  than  itself, 
or  any  liquid  eapabie  uf  exerting  chemical  action 
the  zinc;  upon  this  is  placed  a  plate  of  copper, 
or  platinum ;  then  a  sect. ml  piece  of  zinc,  another 
and  a.  plate  of  inactive  melal,  until  a  pile  of  about 
■  alternations  has  been  built  up.  If  the  two  termi- 
ates  be  now  touched  with  wet  hands,  the  sensation 
electrical  shock  will  he  experienced;  but,  unlike 
imentary  effect  produced  by  tho  discharge  of  a  jar, 
nsation  can  be  repeated  at  will  by  repeating  the 
t,  and  with  a  pile  of  one  hundred  such  pairs,  excited 
;ite  acid,  it  will  he  nearly  insupportable.  "When 
pile  is  insulated,  the  two  extremities  exhibit  strong 
e  and  negative  states;  and  when  connection  is 
letween  them  by  wires  armed  with  points  of  hard 
al  or  plumbago,  the  discharge  takes  place  in  the 
f  a  bright,  enduring  spark  or  stream  of  fire, 
ipparatiis,  or  crown  of  cups,  is  precisely  the  same 
different  in  appearance.     A  number  of  cups  or 

Fig.&. 
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glasses  are  arranged  in  a  row"  or  c-irc".c  each  oiuiiairing  a  piece  of  active 
and  a  piece  of  inactive  metal,  and  ;i  portion  of  exciting  liquid  —  line,  cop- 
per, and  dilute  sulphuric  acid,  for  example.  The  copper  of  the  first  cop 
is  connected  with  the  zinc  of  the  second,  the  copper  of  the  second  with 
the  zinc  of  the  third,  and  so  to  the  end  of  the  series.  On  establishing  a 
Communication  between  the  first  and  hist-  plates  by  means  of  a  wire,  or 
oilier  wise,  discharge  takes  place  as  before. 

When  any  such  electrical  arrangement-  consists  merely  of  a  single  pair 
of  conductors  and  an  interposed  liquid,  it  is  called  a  simple  circuit ;  when 
two  or  more  alteration?  are  concerned,  the  term  "compound  circuit"  is 
applied:  they  are  called  al.no,  indifferently,  voitaie  lotteries.  In  every 
form  of  such  apparatus,  however  complex  it  may  appear,  the  direction  of 

the  current  may  he  easily  under,- 1  and  remembered.      The  polarity  or 

disturbance  may  be  considered  to  commence  at  the  surface  of  the  metal 
attacked,  and  to  he  propagated  through  the  liquid  t.o  the  inactive  conductor, 
and  thence  back  again  by  the  connecting  wire,  tlu-so  extremities  of  the 
battery  being  always  respectively  negative  and  positive  when  tho  appara- 
tus is  insulated.  In  common  language,  ii  is  ssiid  that-  Ihe  current  in  every 
battery  in  an  active  state  starts  from  tins  metal  attacked,  passes  through 
the  liquid  to  the  second  metal  or  conducting  hody.  and  returns  by  the  wire 
or  other  channel  of  communication:  hence,  in  (lie  pile  and  crown  of  cups 
just  described,  the  current,  in  the  battery  is  always  from  the  zinc  to  the 
copper;  and  oat  of  the  battery,  from  the  copper  to  the  zinc,  as  shown  by 
the  arrows. 

In  the  modification  of  Yolta.'s  original  pile,  .made  by  Mr.  Crttlkshank, 
the  zinc  and  copper  nialcs  are  stdileied  logcti.ei'  .mil  cemented  water-tight 
iato  a  mahogany  trough,  which  thus  become-  divided  into  a  series  of  cells 
or  compartments  capable  ui'  receiving  the  e: suil nig  liquid.  This  apparatus 
is  well  fitted  to  exhibit,  effects  of  luaion,  to  act  upon  the  electroscope,  and 
give  shocks:  hence  its  advantageous  employment  in  the  application  of 
electricity  to  medicine,  as  a  very  few  minutes   suffice  to  prepare  it  for  use. 

Fit,.  84. 


The  crown  of  cups  was  also  put  into  a  much  more  manageable  form  by  Dr. 
Babiugtou,  and  still  further  improved,  as  will  hereafter  be  seen,  by  Dr. 
Wollastou.  Subsequently,  various  alterations  have  been  made  by  din'erent 
experimenters  with  a  view  of  obviating  certain  defects  in  tho  common 
batteries,  of  which  a  description  will  be  found  towards  the  middle  of  the 

The  term  "  galvanism,1'  snmetimes  applied  lo  this  branch  of  electrical 
science,  is  used  in  honor  of  Professor  tialvani.  of  liologua,  who,  in  1790. 
made  the  very  curious  observation  that  convulsions  could  be  produced  in 
the  limbs  of  a  dead  fmg  when  certain  met  a  Is  w  ere  made  t.o  touch  the  nerve 
and  muscle  at  the  same  moment.  It  was  Voltft,  however,  who  pointed  out 
the  electrical  origin  of  these  motions:  and  although  the  explanation  be 
offered  of  the  source  of  the  electrical  disturbance  is  no  longer  generally 
adopted,  his  name  U  very  properly  associated  with  the  invaluable  instru- 
ment his  genius  cave  fo  science. 

In  the  year  18^2,  rmfessoi'.See'beck-,  of  Merlin,  discovered  another  source 
of  electricity,  to  which  allusion  litis  already  been  made  —  namely,  in- 
equality of  temperature  and  conducting  power  in  cii'lcrent  metals  placed 
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in  contact,  or  in  the  same  metal  in  different  status  of  compression  and 
density.  Even  with  a  great  number  of  alternations,  the  current  produced 
is  exceedingly  feeble  uuitijiurtv]  with  ih;il  generated  by  the  voltaic  pile. 

Some  animals  of  (be  class  uf  fishes,  :is  I  he  :nyp,  do  or  di-ctric  ray,  and  the 
electric  eel  of  South  America,  are  furnished  with  n  special  organ  or  appa- 
ratus for  developing  electrical  force,  which  is  employed  in  defence,  or  in 
the  pursuit  of  prey.  Electricity  i^  here  seen  to  be  closely  connected  with 
nervous  power:  (III:  shock  is  given  at  the  wiil  of  i  lie  animal,  and  great  ex- 
haustion follows  repeated  exertion  of  the  power. 

i:i.Ki";i'ni:>-MA(;sii;-n=M;  iMun.TiK. 

Although  the  fact  thai.  c'ctlricity  is  capable,  under  certain  circum- 
stances, beth  of  inducing  .ind  of  d.  si  roving  lmigmMism.  ha-  long  been  known 
from  the  effects  of  lightning  on  the  compass-needle  ami  upon  small  steel 
articles,  as  knives  and  forks,  lo  which  polnri:y  has  suddenly  been  given 
by  the  stroke,  it  was  not  lill  lSI.'.M  hut  (he  laws  of  these  phenomena  were 
discovered  by  Oersted,  of  Copenhagen,  ami  shortly  alt.ci-wa.rds  fully  devel- 
oped W  v  Ampere. 

The  action  which  a  current  of  eloctticiry.  proceedine;  from  any  source, 
exerts  upon  a  magnetized  needle,  is  quite  peculiar.  The  poles  or  centres 
of  magnetic  force  are  neither  aiiracted  nor  repelled  l>y  the  wire  carrying 
the  current,  but  made  to  move  m-onml  the  latter  by  a  force  which  may  be 
termed  tangential,  and  is  exerted  in  a  direction  perpendicular  at  once  to 
that  of  the  current,  ami  to  the  line  joining  the  pole  and  the  wire.  Both 
poles  of  the  magnet  being  thus  acted  upon  tit  the  same  lime,  and  in  con- 
trary directions,  the  needle  i-  forced  to  arrange  itself  across  the  current, 
so  that  its  axis,  or  the  line  joining  the  poles,  may  tie  perpendicular  to  the 
wire;  and  this  is  always  tiie  position  which  the  needle  will  assume  when 
the  influence  of  terrestrial  magnetism  is  its  any  way  removed.  This  curious 
angular  motion  may  even  tie  shown  by  suspending  a  magnet  in  such  a 
way  that  only  one  of  iis  poles  shall  be  subjected  to  the  current;  a  perma- 
nent movement  of  rotation  will  continue  as  long  as  the  current  is  kept  up, 
its  direction  being  changed  by  altering  the  pole,  or  reversing  the  current. 
The  movable  connections  are  made  by  mercury,  into  which  the  points  of 
tie  conducting  wires  dip. 

It  is  often  of  great  prsetica!  consequence  to  be  able  to  predict  the  di- 
rection in  which  ji  particular  pole  shall  move  by  a  given  current,  because 
in  all  galvanoscopes.  ami  other  instruments  involving  these  principles,  the 
movement  of  the  needle  is  taken  as  an  indication  of  the  direction  of  the  cir- 
culating current.  And  this  is  easily  done  by  a  simple  mechanical  aid  to 
the  memory:  Let  the  current  be  supposed  1.0  pass  through  a  watch  from 
the  face  to  (he  back;  the  motion  of  the 
Fig.Sb.  north  pole  will  be  in  the  direction  of  the 

bands.  Or  a  little  piece  of  apparatus 
may  be  used  if  reference  is  often  required ; 
this  is  a  piece  of  pasteboard,  or  other 
suitable  material,  cut  into  the  form  of  an 
arrow  for  indicating  the  current,  crossed 
by  a  magnet,  having  its  poles  marked,  and 
arranged  in  the  true  position  with  respect 
to  the  current.  The  direction  of  the  let- 
ter in  the  wire  of  the  galvniiosoopo  can  at  once  be  known  by  placing  the 
representative  magnet  in  the  directum  assumed  by  the  needle  itself. 

The  common  galvanoseope  (tig.  8<i),  consisting  of  a  coil  of  wire  having 
a  compass-needle  suspended  on  a  point  within  it,  is  greatly  improved  by  the 
addition  of  a  second  needle,  its  already  in  part  described  (p.  102),  and  by 
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tg  fibre  of  silk  being  used  for  tho  purpose. 
,e,  and  magnetized  as  nearly  as  possible 
11  immovably  Used  together  parallel,  and 


with  their  poles  opposed,  and  linsjr  with  the  lor,  er  needle  in  the  Coil  and 
the  upper  one  above  it.  The  aura  mage  gained  is  two  to  Id:  the  system  is 
astatic,  unaffected,  or  nearly  so,  by  (he  magnetism  of  the  earth;  and  the 
needles,  being  both  acted  upon  in  the  sumo  manner  by  the  current,  are 
urged  with  much  greater  forte  thriii  one  abme  would  be,  sill  the  aetions  of 
evory  part  of  the  coil  being  strip i!y  eiuicurroiil.  A  divided  circle  is  placed 
below  the  upper  needle,  by  which  She  an a;nlni-  im.it.ion  esm  be  measured  ; 
and  tho  whole  is  enoLosed  in  gla.ss,  to  shie.al  ihe  needles  from  the  agitation 
of  the  air.      Tho  whole  is  shown  in  tig.  86. 

The  action  between  the  pole  and  the  wire  is  mutual,  as  may  be  shown 
by  rendering  tho  wis-p  itself  movable,  and  placing  it  magnet  in  its  vicinity  : 
On  completing  the  circuit,  the  wire  will  be  put.  in  motion,  and,  if  the 
.irrringonienr  permits,  it.  will  rotate  around  Itie  magnetic  pole. 

A  little  consideration  will    show   thai,    from  the  peculiar  nature  of   the 
electro-dynamic  force,  a  wire  carrying  a  current,  bent,  into  a  spiral  or  helix, 
laiisl  possess  the  properties  of  an   ordinary  mag- 
netized bar.  its   extremities  being   aitrrtei.ed  and  Fig.gi. 
repelled  by  the  polos  of  a  magnet.      .Such  is  really 
found  to  be  the  ease,  as  may  be   proved  by  a  va- 
riety of   arrangements,    arming   which  it,  will  be 
sufficient  to  cite  the  beautiful   iiitle  apparatus  of 
Professor  de  la  Hive.      A  short  wide  glass  tube   is 
hied  in io  aeorli  ring  of  considerable  s.i/e  i'iig.  1-7) ; 
a  little  voltaic  battery,  consisting  of  a  single  pair 
of  copper   mid    line   pla.tes,  is   fitted  to  tho  tube, 
and  to  these  the  ends  of  the   spiral   are  soldered. 
On  filling  the  tube  with   dilute   aeid,  and  floating 
ihe  i\  hide  in  a  large  bruin  of  walov,  the  helix  will 
be  observed  to  arrange  itself  in  ihe  magnetic  meridian,  and  on  trial 
be  found  to  obey  a  magnet  held  near  it  in  I  bo  most,  perfect  manner.  ; 
as  the  current  circulates. 

When  an  eleetrie  current  is  passed  lit  right,  angles  to  a  piece  of  ii 
Steel,  the  latter  aeqn  ires  mugnetie  polarity,  either  temporary  or  permanent, 
as  the  case  may  be,  the  direetiou  of  the   eurrent  determining  " 
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of  the  poles.      This  effect  ';■-  prodigiously  increased  by  cau 

iber  of  times  round  the  bar,  which  then  Acquires  extra- 
ordinary magnetic  power.  A  piece  of  soli  iron,  worked 
into  the  i'oni)  of  a  horse-shoe  (fig.  Si*),  and  surrounded 
by-  a  coil  of  copper  wire,  covered  ivil.li  sill;  or  coii.on  for 
tiic  purpose  of  insulation,  furnishes  an  excellent  illus- 
tration of  tlic  inductive  energy  of  I  lie  e  a  went  in  this  re- 
spect: when  the  ends  of  the  wire  arc  put  into  commu- 
nication with  a  sniiiH  voltaic  battery  of  n  single  pair  of 
places,  the  iron  ins'iiiitly  become-  so  kigldi  magnetic  as 
to  bo  capable  of  sustaining  a  very  heavy  weight. 

Ampere  discovered,  in  the  coarse,  of  his  investigations, 

a  number  uf  extremely  iul  cresting  phono mi-  resuli  itig 

from  the  action  of  electrical  currents  on  each  other, 
which  become  li  video  I  wo  en  arrangctneuls  are  made  for 
giving  mobility  to  flic  c  on  ducting  wives,  lie  found  that 
wd.cn  two  cnvreiits,  flowing  in  the  same  direction,  ate 
made  to  approach  each  other,  si  rotig  attraction  t.aitt-s 
phjce  between  them,  ami,  when  in  opposite  direction;, 
an  ei|.tally  Htrong  repulsion.  These  effects,  which  are 
not.  dillicull  to  domonsl  v;ll  e.  have  ahsnhu  oly  no  relation. 
that  can  be  (raced,  to  or  Unary  elect  riea.I  attractions  ami 
repulsions,  from  which  Ihey  must  be  carefully  dislinguished;  tney  are 
purely  dr/iHuiue,  having  to  do  with  electricity  in  motion.  Ampere  founded 
upon  this  discovery  a  most  beautiful  and  ingenious  hypothesis  of  magnetic 
actions  in  general,  which  explains  very  clearly  tite  miluenee  of  the  current 
upoti  the  needle. 

A  current  of  electricity  can  thus  develop  nm.gnctism.  in  a  transverse 
direction  to  its  own  ;  io  the  same  manner,  magnetism  can  call  into  activity 
electric  currents..  If  the  two  extremities  of  the  ooil  of.'  the  electro -magnet 
a -love  described  fie  cot:  nee  let!  with  a  galvitnoscope.  and  the  iron  magnetized 

by  the  application  of  a  permanent  steel  horse  si aeuet  to  the  ends  of 

the  bar,  a  momentary  current  will  be  developed  in  the  wire,  and  pointed 
out  by  the  movement  nf  the  needle.  It  la  sis  bul  a  single  instant,  the  needle 
returning  after  a  few  oscillations  to  a  state  of  rest.  On  removing  the  mag- 
net, whereby  the  polarity  of  the  iron  is  a.t  once  destroyed,  a  second  current. 
or  wave  will  become  apparent,  but  in  lite  opposite  direoi.ion  to  that  of  the 
first.  By  employing  a  very  powerful,  sfeel  magnet,  surrounding  its  iron 
keeper  or  armature  with  u  very  lung  coil  of  wire,  and  then  making  the 
armature  itself  rotate  in  front  of  the  face--  of  (he  magnet,  so  that  Its  induced 
polarity  shall  be  rapidly  reversed,  tniiguelo-eiectric  currents  maybe  pro- 
duced, of  such  intensity  as  to  give  bright,  sparks  and  most  powerful  shocks, 
and  exhibit  all  the  phenomena  of  voltaic  electricity.  Fig.  89  represents  a 
very  powerful  aiTimgenient  of  this  kind. 

When  two  covered  wives  are.  tv.-isied  ti-gei  iter  or  laid  side  by  side  for  some 
distance,  and  a  current  transmit  fed  through  the  one,  a  momentary  electrical 
wave  will  be  induced  inihe  other  in  the  reverse  direction:  and  on  breaking 
ti  with  Ibe  battery,  a  second  single  wave  will  become  evident  by 
"a  the  same  direction  as  that  of  the  primary 
rhen  a  current  of  electricity  passes  through 
ire,  it  induces  two  secondary  currents  in  all  the 
:  when  the  circuit  is  closed,  the  first  is  idov- 
I  the  primary  current;  the  second,  when 
an  in  the  same  direction  as  the  primary 
current.  The  effect  of  the  laller  is  added  (o  that,  of  the  primary  current. 
Hence,  if  a  wire  coil  ho  made  pan  of  t lie  eor.dvjermg  wire  of  a,  weak  electric 
pile,  and  if  the  primary  curvcul,  by  mean,-  of  mi  appropriate  arrangement, 
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cuit  either  at  the  place  of  interruption,  such  an  the  spark-discbargos,  <>r  in 
secondary  closing  conductors,  as  in  the  action  on  the  nerves  or  the  decom- 
position of  water. 

If  two  copper  wires,  tin:  one  above  the  oilier,  be  twisted  round  the  same 
hollow  cylinder,  and  one  ol'  these  wires  —  for  instance,  the  inner  one  —  be 
made  part  of  a  galvanic  circuit,  !i  current  of  short  duration  is  induced  in 
the  outer  wire,  both  by  muting  ami  by  breaking  contact.  The  strength  of 
this  current  can  be.  very  appreciably  increased  by  Jilllu  jr  I  he  hollow  cylinder 
with  n,  bundle  of  thin  iron  rails,  when  magnetic  an:!  electrical  induction  are 
made  to  co-operate.  The  more  i'rcjueiitly  contact  is  alternately  mode  and 
broken,  the  greater  is  the  number  of  induced  currents  that  follow  each 
other,  and  the  more  powerful,  within  certnin  limits,  is  the  action.  Dr. 
Keef  has  constructed  an  ingenious  contrivance,  in  which  contact  is  made 
and  broken  by  the  current  itself,  whereby  bis  in  dud  inn  apparatus  actually 
becomes  an  electrical  machine,  lug.  i)0  exhibits  the  original  apparatus 
slightly  modified.  The  arrar.gemcni  consist-  essentially  ol  an  elastic  copper 
strip  a  a',  which  is  fixed  at  it',  and  carries  at  h  a  small  plate  of  soft  iron. 
rim  latter  hangs  over  the  iron  roils  of  tin;  in  due  lien  coil,  which  arc  some- 
what raised  in  this  particular  poinr,  but-  v."itlmu(  much  it  ig  them.      The  end, 

a,  of  the  copper  strip  is  covered  with  a  little  plate  of  platinum,  which 
presses  against  a  pla.iinnm  point  of  the  screw  c.  The  current,  having  trav- 
ersed the  inner  coil,  passes  from  the  point  c,  to  the  plate  a,  in  order  to 
return  through  the  copper  strip  a  a',  and  the  wire  a'.  By  the  passage  of 
the  current  the  iron  rods  have  become  magnetic  and  attract  the  iron  plate, 

b,  whereby  the  end.  a.  of  the  copper  strip  is  removed  from  the  platinum 
point,  and  contact  is  broken.  But  as  soon  as  the  current  ceases,  the  iron 
rods  lose  their  magnetism,  the  elastic  copper  strip  returns  to  its  former 
position,  and  establi-hos  again  the  current  for  asboi-t  time.  The  screws,  c 
and  d,  regulate  the  position  ol  the  spring  and  the  time  of  its  osciUa.tions, 
the  velocity  of  which  may  be  est  i  ma  led  by  t  be  pitch  of  the  notes  produced. 
This  apparatus,  whicb  ivns  lirst  made    l>v  lie.  Iseef,  in  1KS0.  has  been  con- 
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siderably  improved  wit::in  :lic  Insr  few  years.     Ruhiukorff  especially,  by  a 

more  perfect  isolation  ol'  Hie  wire  coils,  has  succeeded  to  a  much  greater 
extent  in  preserving  die  electrical  induction.     He  lias  thus  obtained  a  state 


eleelricity  : 

ms  of  brilliant  light.  The  shocks  of  this 
loderate  Leyden  jar,  bul  differ  from  the 
latter  by  the  rapidity  wilh  which  lhcy  nmv  Vic  repeated  at  pleasure.  By 
means  of  Ruhmkurff's  foil,  iliovc  has  lately  effected  decompositions  in 
water  and  other  bail  comluc-fussr  V.cuids.  which  vc.iemble  those  obtained 
many  years  ago  by  Wollastou  by  means  of  ihc  electrical  machine.  Those 
phenomena' of  decomposition,  which  in  water,  for  inslanee,  furnish  oxygen 
and  hydrogen  at.  the  same  pule,  must  In;  disliiieiiished  from  true  elcelrtoal 
decompositions;   they  are,  in  fact.,  effects  of  heat,  as  Grove  has  pointed  out. 

ELECTRICITY  OF  VAPOIt. 

The  electricity  exhibited  under  certain  peculiar  circumstances  by  a  jet 
of  steam,  first  observed  by  mere  accident,  hut  since  closely  investigated  by 
Sir  W.  Armstrong,  and  also  by  I'a.raday,  is  now  referred  to  the  friction, 
not  of  the  pure  steam  itself,  lint  of  panicles  of  condensed  water,  against 
the  interior  of  the  exit-tube.  It  ha?  been  proved  wiih  certainty  in  the  last 
few  years  that  evaporation  alone  is  noi  <■:,  jiable  of  disi  orbing  the  electrical 
equilibrium,  and  the  dope  first  entertained,  that  these  phenomena  would 
throw  light  upon  the  cause  of  electrical  e.eiiemcnr  in  the  atniosphero,  is 
now  abandoned.  The  steam  is  usually  positive,  if  the  jet-pipe  be  constructed 
of  wood  or  clean  welal,  but.  the  in  I  cod  noi  ion  of  ilie  smallest  trace  of  oily 
matter  causes  a  change  of  sign.  The  intensity  of  the  charge  is,  aeliris 
paribus,  increased  wit.li  the  elastic  force  of  the  steam.  By  this  means 
effects  have  been  obtained  very  far  surpassing  those  of  the  most  powerful 
plate  electrical  machines  ever  constructed. 

Although  no  electricity  can  be  directly  evn!-red  by  evaporation,  yet  va- 
por possesses  in  a  high  degree  the  property  of  disehnrging  into  the  at. 
mosphere  that,  clcei  ricily  which  often  itcouinulaies  in  badies  from  which  it 
arises.  The  fresh  branches  and  leaves  of  trees  do  this  lo  the  greatest  ex- 
tent. When  moistened  with  rain  or  dew.  i.hoir  surfaces  become  positively 
electrical,  whilst  the  internal  parts,  even  to  the  roots,  become  negatively 
electrical. 
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PART  II. 

CHEMISTRY  OF  ELEMENTARY  BODIES. 


THE  term  element  or  rh-.mnytayy  whslincf  :.s  applied  in   chemistry  to  those 
forms  of  modifications  of  matter  which    have  hitherto   resisted  all  at- 
tempts to  decompose  thorn.      Nothing  is  ever  meant  to  lie  affirmed  coneerii- 

horcafter,  by  new  methods  of  research,  or  by  new  oomlji nations  of  those 
already  possessed  by  science,  many  of  the  substances  lvhich  now  figure  as 
elements  niay  possibly  be  siirnii  to  be  compounds;  (his  has  already  hap- 
pened, and  may  again  take  place. 

The  elementary  bodies,  at  present,  recognized,  amount  to  sixty -four  in 
number;  of  those,  about  fifty  belong  to  the  class  of  -metals.  Several  of 
these  are  of  recent  discovery,  and  as  yet  very  imperfectly  known.  The 
distinction  between  metals  and  non-nict.nllio  substances,  or  metalloid*,  al- 
though very  convenient  fur  purposes  of  description,  is  entirely  arbitrary, 
since  the  two  classes  graduate  iuio  each  other  in  the  most  complete  manner, 

It  will  be  proper  to  commence  with  I  lie  latter  and  loss  numerous  division. 
The  elements  are  named  as  in  the  subjoined  table,  the  most  important  be- 
ing distinguished  by  the  largest  ami   most   conspicuous  type,  those  nei ' 
importance  by  medium  type,  whilst  the  names  of  el  em  en  Is  which  are  ei 
of    rare   occurrence,   or  of   udtie.li    our    knowledge    is   very   imperfect, 
primed  in  the  smallest  type. 


Boron. 

ALUMIHIUM. 

Iridium. 

Ruthenium, 

BROMINE. 

Antimony-. 

IRON. 

SILVER. 

CARBON. 

AtlSKML!. 

Lanthanum. 

SODIUM. 

CHLORIBB. 

Babiuh. 

LEAD, 

STJMis-rnrM. 

FLUORINE. 

Beryllium. 

Lithium. 

Ti.tiiabiru. 

HYDROGEN, 

Bismuth. 

Maunesium. 

Terbium. 

IODINE, 

Cadmium. 

MANGANESE, 

TluilMum. 

NITROGEN. 

MERCURY. 

Thorinum, 

OXYGEN. 

CALCIUM. 

Molybdenum. 

TIN. 

PHOSPHORUS. 

Cerium. 

Kickei.. 

Tmeicji. 

Selenium. 

CnnonilrM. 

MinhiniiL. 

SILICWM. 

I'lilNIDI. 

SULPHUR. 

COPPER. 

l'Ai.LuMinc. 

V'iininliiinl. 

Tellurium. 

D:..iviniu;a. 

Platinum. 

Yl  1  eiuel. 

Erbium. 

POTASSIUM. 

ZINC. 

Rhodium. 

loireoutum. 

Indium. 

I!u'..i:'liun. 
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OXYGEN. 

Whatever  plan  of  classifies!  in:],  foil  ruled  on  the  natural  relations  of  the 

elements,  be  adopted,  it  "ill  always  be  found   most,  advantageous,  in   the 

practical  study  of  chemistry,  to  commence  with  the   consideration,  of  the 

great  constituents  ol  the  ocean  ami  ihe  atmosphere. 

Oxygen  was  discovered  in  (lie  year  1774,  by  Sehcelc,  in  Sweden,  and  Dr. 
Priestley,  in  England,  imicpendeuily  of  each  oi  I  in-,  and  described  under  the 
terms  coipyrr.id  tdV  and  rirphlvr/Uiita'ted  nir.  Tlie  name  oxygen *  was  given 
to  it  by  Lavoisier  some  lime  afterward.  Oxygen  exists  in  a  free  and  1111- 
combined  state  in  the  atmosphere,  mitijrie.il  '.villi  anoihor  gaseous  body,  ni- 
trogen. No  very  good  direct  means  exist,  however,  for  separating  it  from 
the  latter;  and,  accordingly,  it  is  alwuys  obiained  for  purposes  of  experi- 
ment by  decomposing  certain  of  its  compounds,  which  are  very  numerous, 

The  red  oxide  of  mercury,  or  red  precipitate  of  the  old  writers,  may  be 

employed  with   this   view.      In   this  subsiaueo  the   ailraet.iori  which  holds 

together  the  mercury  and  tlie  o.iygen  is  so  feeble,  that  simple  exposure  to 

heat  suffices  to  bring  ubuul  decoiapnsiliun.      The  red  precipitate  is  placed 

Fig.  81. 


in  a  short  tube  of  bard  "lass,  to  which  is  lined  a  pet-rural  ed  cork,  furnished 
with  a  piece  of  narrow  glass  tube,  bent  as  in  fig.  01.  The  heat  of  a  spirit- 
lamp  being  applied  to  tlie  substance,  decomposition  speedily  commences; 
globules  of  metallic  mercury  collect  in  ihe  eool  pari,  of  the  wide  tube, 
which  answers  the  purpose  of  a  retort,  while  pus  issues  in  considerable 
quantity  from  the  apparatus.  This  gas  is  collected  and  examined  by  Ihe 
aid  of  the  pneumatic  trough,  which  consists  of  r,  vessel  of  water  provided 
with  a  shelf,  upon  which  stand  the  jars  or  hoitles  destined  to  receive  the 
gas,  filled  with  water  and  inverted.  By  keeping  the  level  of  the  liquid 
above  the  mouth  of  the  jar,  the  water  is  retained  in  the  latter  by  the  pres- 
sure of  the  atmosphere,  and  eaira.uce  of  air  is  prevented.  When  the  jar  is 
brought  over  the  extremity  of  the  iras-dclivcring  tube,  the  bubbles  of  gas 
rising  through  the  water,  colled  in  the  upper  part  of  the  jar,  and  displace 
the  liquid.  As  soon  as  one  jar  is  tilled,  it  may  be  removed,  still  keeping 
its  mouth  below  the  water-level,  and  another  substituted.  The  whole  ar- 
rangement is  shown  in  fig.  91. 
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The  experiment  litre  described  is  mitre  instructive  as  an  excellent  cose 
of  the  resolution  by  simple  means  of  :i.  compound  body  i mo  its  constituents,* 
than  valuable  as  a  source  of  oxygen  gas.  A  bolter  and  more  economical 
method  is  to  expose  to  heat,  in  a  veiovi,  or  flasli  furnished  with  a  bent  tube, 
a  portion  of  the  salt  sailed  potassium  chlorine.  A  common  Florence  flask 
serves  perfectly  well,  the  heat,  of  a  spirit-lamp  being  sufficient.  The  salt 
molts  and  decomposes  v.-ith  ebullition,  yielding  a  very  large  quantity  of 
oxygen  gas,  which  may  bo  collected  in  the  way  above  described.  The  first- 
portion  of  the  gas  often  contains  a  little  chlorine.  The  white  salino  residue 
in  the  flask  is  potassium  ehloride.  This  plan,  which  is  very  easy  of  execu- 
tion, is  always  adopted  when  very  pure  gas  is  required  lor  analytical  pur- 
poses. + 

A  third  method,  very  good  when  perfect  purity  is  not  demanded,  is  to 
heat  to  redness,  in  an  irun  retort  or  gun-barrel,  tin:  black  manganese  oxide 
of  commerce,  which  under  these  oircumsiuriccs  suffers  decomposition,  al- 
though not  to  the  extent  manifest  in  the  red  precipitate. J 

If  a  little  (if  the  black  iiiangnucso  oxide  be  limev  powdered  and  mixed 
with  potassium  chlorate,  and  the  mixture  healed  in  a  flask  or  retort  by  a 
lamp,  oxygen  will  be  disengaged  with  the  utmost  facility,  and  at  a  far  lower 
temperature  than  when  the  chlorate  alone  is  used. j>  All  the  oxygen  comes 
from  the  chlorate.  I  he  manganese  remaining  quite  unaltered.  The  materials 
should  be  well  dried  in  a  capsule  before  their  introduction  into  the  flask. 
This  experiment  affords  an  instance  of  an  effect  by  no  means  rare,  in 
which  a  body  seems  to  act  by  its  mere  presence,  without  taking  any  obvi- 
ous part  in  the  change  brought  about. 

Methods  for  the  preparation  of  oxygon  on  a  targe  scale  will  be  found 
described  under  the  heads  el'  sulphuric  acid  ami  barium  dioxide. 

Whatever  method  be  chosen  —  anil  the  same  remark  applies  to  the  col- 
lection of  all  other  gases  !.y  similar  means  —  the  first  portions  of  gas  must 
be  suffered  to  escape,  or  lie  received  apart,  as  they  are  contaminated  by 
the  atmospheric  air  of  the  apparatus.  The  practical  management  of  gases 
is  a  point  of  great  importance  to  the  el ir mien:  student,  and  one  with  which 
be  must  endeavor  to  familiarize,  himself.  The  water-  trough  just,  described 
is  one  of  the  most  indispensable  articles  of  tiic  laboratory,  and  by  its  aid 
all  experiments  on  gases  arc  carried  <>u  when  the  gases  themselves  are  not 
sensibly  acted  upon  by  water.  The  trough  is  best,  constructed  of  japanned 
copper,  the  form  and  dimensions  being  regulated  by  the  magnitude  of  the 
jars.  It  should  have  a  firm  shell',  so  arranged  as  to  lie  always  about  an 
inch  below  the  level  of  the  water,  and  in  the  shelf  a  groove  should  be  made 
about  half  an  inch  in  width,  avid  ibo  same  in  depth,  to  admit  the  extremity 
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injur,  which  slands  securely  i,ru>n  the  shelf. 


the  shelf  o 


fig.  92.      The  end  of  the  groove  spoken  of,  w! 
low  portion,  is  shown  at  a. 

Gases  are  transferred  from  jar  to  jar  with  the  utmost  facility,  by  first 

filling  the  vessel,  into  which  the  gas  is  to  he  passed  with  water,  inverting 
it,  carefully  retaining  lis  moulh  holow  iiie  walcr-lcvel,  and  then  bringing 
beneath  it  the  aperture  of  the  jar  containing  die  gaa.  On  gently  inclining 
the  latter,  the  gas  passes  by  a  kind  of  inverted  dcea.ntaiion  into  the  second 
vessel.  When  the  latter  is  narrow,  a  funnel  may  he  placed  loosely  in  its 
neck,  by  which  loss  of  pas  will  Ik;  prevented. 

Ajar  wlioily  or  pania.l'y  tilled  with  gas  at 
the  pneumatic  trough  may  he  removed  by 
plating  hcncalh  il  n  slial'.ow  basin,  or  even  a 
etjinmou  pla.lo.  so  as  to  carry  away  enough 
wilier  to  cover  the  edge  of  flip  jar  ;  and  many 
fists,  especially  o\ygeu.  ma.y  lie  so  preserved 
for  niiiiiy  hoiiiL:S  without  material  injury. 

tlas-jars  arc  often  capped  at  the  top,  and 
lined  with  a  slop-oook.  lor  transferrin;!;  gas 
to  bladders  or  ciLOiLrehiinc  hugs.  When  sneli 
a  vessel  is  to  he  filled  with  wafer,  it.  may  hi; 
slowly  sunk  in  an  upright  position  in  the 
well  of  l-lie  pneumatic  trough,  fin;  strip  cook 
being  open  to  allow  the  air  to  escape,  ami! 
the  water  reaches  inc.  brass  cap.  The  cock 
is  then  to  he  turned,  ami  the  jar  lifted  upon 
the  sludf,  and  filled  wilh  gas  in  the  usual  Wiiy, 
If  the  trough  he  not  deep  enough  for  this 
method  of  proceeding,  the  month  ma.y  lie  applied  to  (he  stop-cock,  and  the 
vessel  filled  by  sucking  out  the  air  until  the  water  rises  to  the  cap.  In  all 
cases  it  is  proper  to  avoid  as  much  as  possible  welting  iiie  stop-cocks  and 
other  brass  apparatus. 

Mr.  Pepys  contrived,  many  years  ago,  an  aduiirahle  piece  of  apparatus 
for  storing  and  retaining  large  quantities  of  gas.  It  consists  of  a  drum  or 
reservoir  of  sheer,  copper,  surmennicd  by  a  shallow  trough  or  cistern,  the 
com  muni  cation  between  the  two  being  made  by  a  couple  of  tubes,  ah,  fur- 
nished with  stop-cucks,  one  of  which,  h  /,  passes  nearly  to  the  bottom  of  the 
drum,  as  shown  in  fig.  94.  A  short  wide  open  tube,  c,  is  inserted  obliquely 
Hear  the  bottom  of  the  vessel,  into  which  a  plug  may  he  tightly  screwed. 
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stop -cook,  g,  n 


Fig.Qi. 


r  the  top,  serve?  to  iran-fer  gas  to  a.  bladder  o- 
apparatus.      A  glass  water-gauge,  i!  ?.  atSxod   to  the   side  of  the  d™ 
communicated  with  bulb  id))  a  all  bottom, 
indicates  the  level  of  the  liquid  within. 

To  use  the  gas-holder,  the  plug  is  first 
screwed  into  the  lower  opening,  and  the 
drum  completely  filled  with  water.  All 
three  stop-cooks  arc  then  to  he  eloaed  and 
the  plug  removed.  The  pressure  of  the 
atmosphere  retains  the  water  in  the  gas- 
bolder,  and  if  no  air-leakage  occurs,  the 
escape  of  water  is  inconsiderable.  The 
extremity  of  the  delivery-tube  is  now  to 
be  well  pushed  through  the  open  aperture 
into  the  drum,  so  that  the  bubbles  of  gas 
may  rise  without  hindrance  to  the  upper 
part,  displacing  the  water,  which  flows 
out  in  the  same  proportion  into  a  vessel 
placed  for  its  reception.  "When  the  drum 
is  filled,  or  enough  gas  has  been  collected, 
the  tube  is  withdrawn  and  the  plug  screwed 
into  its  place. 

When  a  portion  of  the  pi::  is  to  be  Iranslcrrod  to  ajar,  the  latter  is  to  be 
filled  with  water  at  the  pneumatic  trough,  carried  by  the  help  of  a  basin 
or  plate  to  the  cistern  of  iho  gas-holder,  and  placed  over  the  shorter  tube. 
On  opening  the  cock  (it  [lie  neighboring  tube,  the  hydrostatic  pressure  of 
the  column  of  water  will  cause  compression  of  the  gas,  and  increase  its 
elastic  force,  so  that,  on  gently  turning  the  cock  benear.h  the  jar,  it  will 
ascend  into  the  latter  in  a  rai.ul  stream  el'  bubbles.  The  jar,  when  filled, 
may  again  have  the  pUle  slipped  beneath  it,  anil  he  removed  without  dif- 
ficulty. 

Oxygen,  when  free  or  ii'icumbinod.  is  known  only  in  the  gaseous  state, 
all  attempts  to  reduce,  it.  to  the  liquid  or  solid  condition  by  cold  and  pressure. 
having  completely  failed.  When  pure,  it  is  colorless,  tasteless,  and  in- 
odorous. It  is  xhc  sustaining  principle  of  animal  life,  and  of  all  the 
ordinary  phenomena  of  combustion. 

Bodies  which  burn  in  the  air,  burn  wiUi  greatly  increased  splendor  in 
oxygen  gas.  If  a,  taper  be  blown  out,  and  then  introduced  while  the  wick 
remains  red-hot,  it  is  iusi.nntly  rekindled:  a  slip  of  wood  or  a  match  is 
relighted  in  the  same  manner.  This  tiled  is  highly  characteristic  of  oxygen, 
there  being  but.  one  other  ga.s  which  possesses  the  same  property;  and  this 
is  easily  distinguished  by  other  means.  The  experiment  with  the  match  is 
also  constantly  used  as  a  rude  tesl  of  the  purity  of  the  gas  when  it  is  about 
to  be  collected  from  the  retort,  or  when  it.  has  stood  some  time  in  contact 
with  water  exposed  to  air. 

When  a  bit  of  chart 1  is  .nflixed  to  a  wire,  and  plunged  with  a  single  point 

red-hot  into  a  jar  of  oxygen,  it  burns  with  great,  brilliancy,  throwing  off 
beautiful  scintillations,  until,  if  the  oxygen  lie  in  excess,  it  is  completely 
consumed.  An  iron  wire.  or.  still  better,  a  steel  watch-spring,  armed  at 
its  extremity  with  it  bit  of  lighted  auutdou,  and  introduced  into  a  vessel  of 
oxygen  gas,  exhibits  n  rna.-i  beautiful  phenomenon  of  combustion.  If  the 
experiment  be  made  in  ajar  s! aiding  on  a  plate,  the  fused  globules  of  black 
iron  oxide  fix  themselves  in  the  gh/.c  of  the  latter,  after  falling  through  a 
stratum  of  water  half  an  inch  in  depth.  Kindled  sulphur  burns  with  great 
beauty  in  ostygeo  ;  anil  phosphorus,  under  similar  circumstances,  exhibits 
a  splendor  which  foe  eve  is  unable  to  support. 

la  these  and  many  other  similar  cases  which  might  he  mentioned,  the 
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same  ultimate  effect  is  pvoibieod  us  in  atmospheric  isi i- -  the  action  is,  how- 
ever, more  energetic,  from  (lie  absence  uf  llio  gas  which,  in  the  air,  dilutes 
the  oxygen  ami  enfeebles  it*  chemical  powers.  The  process  of  respiration 
in  animals  is  an  effect  of  tin.'  ,;;imk'  luduro  as  Co  nun  on  combustion.  The 
blood  contains  suiis-lariec.s  e.liich  -.lowly  Imm  by  the  aid  of  the  oxygen  thus 
introduced  into  the  system.      When  this  aclion  ceases,  life  becomes  oxlinet, 

Oxygcu  is  bulk  for  bulk  a  little  heavier  than  atmospheric  air,  its  specific 
gravity  being  1-lOofjfi,  referred  to  that  of  air  as  unity,  and  lb'  referred  to 
that  of  hydrogen  as  unity.  A  litre  of  oxi  "on  at  rbc  standard  temperature 
and  pressure,  that  is  to  say,  at  0°  C,  and  Ti'.t)  millimetres  barometric  pres- 
sure, weighs  1-43028  gram.  At  1S-5"  C.  (i>0°  V\),  and  under  a  pressure  of 
30  inches,  100  cubic  incites  of  the  gas  weigh  I.M-29  grains.* 

It  has  been  already  remarked,  t.hal  lo  determine  with  the  utmost  degree 
of  accuracy  the  specific  gi-iivity  of  a  gas,  is  an  operation  of  very  great 
practical  difficulty.  Sua  nl  i  iiu  *:uik  i.imc  of  very  great  importance.  There 
are  several  mellioils  which  may  be  adopted  lor  tiiis  purpose:  the  one  do- 
scribed  below  appears,  on  the  whole,  to  be  tlie  simplest  and  best.  It  re- 
quires, however,  the  most.  scrupulous  care,  ami  ibe  observance  of  auumber 
of  minute  precautions  m  Lioli  are  absolutely  indispensable  to  success. 

The-  plan  of  the  operation  is  as  follows:  A  large  glass  globe  is  to  be  filled 
with  the  gas  to  bo  examined  in  it  perfectly  pore  and  dry  state,  having  a 
known  temperature,  ami  an  elastic  force  c.u,ual  lo  that  of  tlie  atmosphere  at 
the  time  of  the  experiment.  Tho  globe  so  tilled  is  to  he  weighed.  It  is 
then  to  be  exhausted  at  Ijie  air-pump  as  far  as  possible,  and  again  weighed. 
Lastly,  it  is  to  he  filled  with  dry  air.  the  temperature  and  pressure  of  which 
are  known,  and  its  weight-  once  more  determined.  On  the  supposition 
that  the  temperature  ami  ciasliciiy  are  I  he  same  in  both  cases,  the  specific 
gravity  is  at  once  obtained  by  dividing  the  weight  of  the  gas  by  that  of 
the  air. 

The  globe  or  flask  must,  lie  made  very  thin,  and  fitted  with  a  brass  Cap, 
surmounted  by  a  small  but  excellent  stop-cock.  A  delicate  thermometer 
should  he  placed  in  the  inside  of  the  globe,  secured  to  the  cap.  The  gas 
must  be  generated  at  the  moment,  and  conducted  a!  once  into  the  previously 
exhausted  vessel,  through  a  long  tube  filled  with  fragments  of  pumice 
moistened  with  oil  of  vitriol,  or  some  other  extremely  hygroscopic  substance, 
by  which  it  is  freed  from  all  moisture.  As  the  gas  is  necessarily  generated 
under  soma  pressure,  the   elasticity  of  that  contained   in  the  filled  globe 


(hides.  — The  compounds  formed  by  the  direct  union  of  oxygen  with 
other  bodies  hear  the  general  name  of  oxides  :  these  arc  very  numerous 
and  important.  They  are  conveniently  divided  into  three  principal  groups 
or  classes.  The  firs:,  division  contains  all  those  oxides  which  resemble  in 
their  chemical  relations  the  oxides  of  potassium,  sodium,  silver,  or  lead  : 
these  are  denominated  olbdtri,:  or  Imsi?  oxiilrs.  The  oxides  of  Ihe  second 
g  rou  n  have  properties  opposed  to  fnose  of  the  hoi  I  ins  lnentiiinei ;   the  oxides 

*  Duuius,  Ann.  Ckim.  Pliys.  [S],  iii.  275. 
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of  sulphur  and  phosphorus  may  bo  taken  as  (he  typical  representatives  nf 
the  class:  they  are  called.  «;■.■(■■'  .-,:■-.!■  .w,  ami  arc  cupablc  of  uniting  with  (he 
basic  oxides,  and  forming  compounds  called  .•«;,'.!,  Thus,  when  the  oxide 
of  sulphur,  called  sulphuric  oxide,  is  passed  in  the  slate  of  vapor  over 
heated  barium  oxide,  combination  takes  p'.aoc,  attended  with  vivid  incan- 
descence, and  a  salt,  palled  barium  sulplutie  is  produce;!,  containing  all  the 
elements  of  the  two  original  bodies,  namely,  barium,  sulphur,  and  oxygen. 

There  is  also  an  intermediate  group  of  oxides  called  lauf/vii  Dxitles,  from 
their  slight  disposition  to  enter  info  combination.  The  black  oxide  of 
manganese,  already  mentioned,  is  an  excellent  example.  It  must  not  bo 
supposed,  however,  that  the  three  groups  el'  oxides  just  mentioned  are 
separated  from  each  oilier  by  decided  lines  of  demarcation;  on  tlio  con- 
trary, they  blend  into  one  another  by  iuipercopl  ible  degrees,  and  the  same 
Oxide  may,  in  many  eases,  exhibit  either  acid  or  basic  relations  according 
to  the  circumstances  under  wSiich  it  is  placed. 

Among  salts,  there  is  a  particular  group,  namely,  (be  hydrogen  sails,  con- 
taining the  elements  of  an  ;icid  oxide,  and  waier  (hydrogen  oxide],  which 
are  especially  distinguished  as  tmidt,  because  many  of  l.bem  possess  in  an 
emiueiu  degree  the  properties  to  which  llie  term  acid  is  geuciall;:  applied, 
such  as  a  sour  taste,  corrosive  action,  solubility  in  water,  and  the  power 
of  reddening  certain  blue  vegetable  colors.  A  eh  a  raet  eristic  property  of 
these  acids,  or  hydrogen  .sabs,  is  their  power  of  exchanging  : li i-ii-  hvdrugen 
for  a  metal  presented  to  them  in  the  tree  slate,  or  in  the  form  of  oxide. 
Thus,  sulphuric  acid,  which  contains  sulphur,  oxygen,  and  hydrogen, 
readily  dissolves  metallic  line,  the  metal  tubing  Ibc  pb.ee  of  the  hydrogen, 
which  is  evolved  as  gas,  and  forming  n  sail  containing  sulphur,  oxygen, 
and  zinc;  in  fact,  a  ntw.  sulpiuiie.  produced  from  a  hi/di-oycr,  sulprntie  by- 
substitution  of  nine  for  hydrogen."  The  same  su'nstiiulion  and  formation 
of  zinc  sulphate  take  [dace  when  zinc  oxide  is  brouaht.  in  contact  with  sul- 
phuric acid;  bnl.  in  this  case  the  hydrogen,  instead  of  being  evolved  as 
gas,  remains  combined  with  the  oxygen  derived  from  the  zinc  oxide,  form- 
ing water,  p 

A  series  of  oxides  eon  I  strung  quant Hies  of  oxygen  in  the  proportion  of 
the  numbers  1,  2,  8,  united  wit. It  a  constant  oi.amity  of  another  element, 
are  distinguished  as  im-nodtic,  iiiuzi'/c,  anil  uw  in';-  respectively,  the  Greek 
numerals  indicating  ibc  several  degrees  of  oxidation.  A  compound  inter- 
mediate between  a  monoxide  and  a  dioxide  is  culled  a  tn-tjuioxide,  e.  g-  : 

Chromium  monoxide 62-5  +  10 

L'liretoiaiii  sesquioxide 62,5  4-  £4 

Chromium  dioxide 52-5  +  s2 

Chromium  tiioxide 62-5  -}-  48 

When  a  metal  forms  two  basic  or  salifiable  oxides,  tbey  arc  distinguished 
by  adjectival  terms  ending  in  ous  for  the  lower,  and  ie  for  the  higher  de- 
gree of  oxidation,  t.  g. : 

Lron  monoxide,  or  Ferrous  oxide        .  .  .  .56+18 

Iron  sesjuioxido,  or  Ferric  oxide  .  .  .  5(i     +     2i 

The  salts  resulting  from  Iho  aetiott  of  acids  on  these  oxides  are  also  dis- 
tinguished as  ferrous  and  ferric  sails  respectively. 

Acid  oxides  of  the  same  element,  sulphur  for  example,  are  also  dis- 
tinguished by  the  terminations  uus  and  k,  applied  as  above ;  their  acids, 

*  SO.II,    +    En  =  EOjZn  +  Rj  +  S0,IIa    +    Zn  O  =  SO,Zu  +  OIL, 
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or  hydrogen  falls,  receive,  tnvrespemling  names  ;  anil  the  salts  formed 
from  these  acids  are  distinguished  liy  names  ending  in  ii.e  and  ate  respec- 
tively.    Thus,  for  the  oxides  and  salts  of  sulphur: 

Sulphur.       Oxygen. 

Snlpliuroua  oxldfl 32     +     32 

Hydro?™. 
l[j-L;L-i^'L:ri  sulpnitc.  er  .Sulphurous  acid  "''  .  ■■      ■ 

Lead  sulphite 

Sulphuric  oxide  ..... 
Hydrogen  sulpkato,  or  Sulphuric  aeid 
Load  sulphate 32     -f-     64    -f    207 

The  acids  above  spoken  of  are  oxygen-acids ;  and  formerly  it  was  sup- 
posed that  nil  acids  euntidiied  o.\ygen  -that,  clement  being,  indeed,  re- 
garded as  the  acidify  ins;;  principle;  hence  its  mum;  (p.  128).  At  present, 
however,  we  are  acLiiinmi.ed  villi  many  bodies  v.-iiicli  possess  all  the  char* 
acters  above  specified  as  belonging  to  an  aeid,  and  yet  do  not  contain 
oxygen.  For  example,  hydrochloric  acid  (formerly  called  muriatic  acid, 
or  spirit  of  salt)  — -  winch  in  :i  hyiiire'en  chloride,  i.r  compound  of  hydrogen 
and  chlorine  —  is  intensely  sour  and  corrosive  ;  reddens  litmus  slrongly; 
dissolves  line,  which  drives  out  the  hydrogen  and  tal;os  its  place  in  com- 
bination with  the  chlorine,  form  i  tie;  zinc- chloride  ;  ami  dissolves  most  me- 
tallic oxides,  exchanging  its  hydrogen  for  the  liic.fiil.  and  forming  a  metal- 
lic chloride  and  water.* 

Bromine,  iodine,  ami  fluorine  also  fiiviti.  with  hydrogen,  acid  compounds 
analogous  in  every  respect  to  hydrochloric  aeid. 

Compounds  of  chlorine,  bromine,  iodine,  fluorine,  sulphur,  selenium, 
phosphorus,  &c,  with  hydrogen  and  metals,  are  grouped,  like  the  oxygen 
compounds,  by  names  ending  in  iih:  the,?,  we  -peak  of  line  chloride,  cal- 
eiuro  fluoride,  hydrogen  sulphide,  copper  phosphide,  £c_  The  numerical 
prefixes,  mono,  di,  Iri,  &<■.,  as  also  lite  terminations  ova  and  ic,  are  applied 
to  these  compounds  in  the  same  manner  as  to  the  oxides,  thus : 

llyih.igcD.  Bromine. 

Hydrogen  bromide 1  +  80 

Potaneium.  Sulphur. 

I'olussiiiiti  monosulphido      ....          78-2  +  32 

S'oiassium  disnljdiide       .          .....          .     78-2  +  64 

I'et.issiem  trisulpliide            ....          78'2  +  9e 

l'otassiuto  telraSulphide           ....      7S-2  +  128 

I'utiLssiur;i  pentasuiphide     ....          78-2  -J"  le0 


The  Latin  prefixes  uni,bi,ter,  quadro, 
corresponding  Greek  prefixes;  there  is 


',:!i::.|  K   ,i::.7   ..|.   LOU'1 

lici   +   Zn   =   KuCij    i-    n, 

I1CI     +     ZnO  =  XnOljj  -|-  i.'Tlj 


Hostott  by  Google 


use ;  but,  generally  speaking,  it.  is  best,  (n  employ  n.  Crook  or  Latin  prefix, 
according  as  the  word  before,  wiiieh  il  in  placed  in  of  Greek  or  Latin  origin  i 

thus,  dioxide  corresponds  to  i/sulphide  ;    en  the  whole,  however,  the  Greek 
prefixes  are  most  generally  employed. 

Ozone.  —  It  has  long  been  known  that  dry  oxygen,  or  atmospheric  air, 
when  exposed  to  the  action  of  a  Buries  of  electric  sparks,  omits  a.  peculiar 
and  somewhat  metallic  odor.  The  same  odor  may  bo  imparted  to  moist 
oxygen  by  allowing  phosphorus  to  remain  for  some  time  in  it,  nnd  by 
several  other  processes.  A  mure  aeeural.e  examination  of  this  odorous  air 
has  shown  that,  in  addition  to  the  suieii.  it  possesses  several  properties 
not  exhibited  by  oxygon  in  its  ordinary  slate.  One  of  its  most  cbar- 
iietui-isf.io  eifcels  in  tlie  liberation  of  iodine  from  potassium  iodide.  This 
odorous  principle  lias  been  tin:  stibicel.  of  many  researches,  in  particular 
by  .Seiibnbein,  of  lUsle.  wiu.i  jiroposeu  for  it  the  name  of  olone.* 

An  easy  method  of  exhibiting  the  production  of  orotic  is  to  transmit  a 
Current  of  oxygen  through,  a  tube  into  which  a  pair  of  platinum  wires  is 
sealed,  with  the  poim  s  ;il  a  Utile  distance  apart;  on  connect itig  one  of  the 
wires  with  the  prime  conductor  of  an  clcerrical  machine  in  good  action, 
and  tlie  other  with  the  ground,  the  characteristic  odor  of  ozone  is  im- 
mediately developed  in  the  issuing  g;is  ;  but,  nor  nil  hsianding  the  powerful 
odor  thus  produced,  only  a  small  portion  of  the  oxygen  undergoes  this 
Change.  Andrews  and  'fait  have  shown  that,  to  oluain  the  maximum  of 
ozone,  it  is  necessary  to  i  runs  mi  t.  i  lie  discharge  silently,  between  very  fino 
points;  if  sparks  are  allowed  to  pass,  a  considerable  portion  of  the  ozone 
is  reconverted  into  ordinary  oxygen  as  fast  as  il  is  formed.  Siemens  pre- 
pares ozone  by  induction:  he  tonus  a  sort  of  Leyden  jar,  by  coating  the 
interior  of  a  long  lubii  with  tin-foil,  and  passes  over  this  lube  a  second 
wider  tube  coated  with  tin-foil  on  it.-  outer  surface.  Between  the  two  lubes 
a  current  of  pure  dry  oxygen  is  passed,  which  becomes  electrified  by  in- 
duction on  connecting  tlie  inner  ana  on  I  or  coating  with  the  terminal  wires 
of  an  induction-coil;  by  this  means  it.  is  said  that  from  10  to  15  per  cent, 
of  the  oxygen  may  be  converted  into  ozone. 

Oaone  may  also  be  obtained  in  several  ways,  without  the  aid  of  elec- 
tricity; thus  it  is  formed  in  sma.lt.  quantity  when  a  stick  of  phosphorus  is 
suspended  in  a  bottle  filled  with  m  o  is  I.  air ;  by  tlie  slow  oxidation  of  ether, 
oil  of  turpentine,  and  other  essential  nils  ;  in  (lie  electrolytic  decomposition 
of  water;  and  by  the  action  of  strong  sulphuric  acid  on  potassium  per- 
il :.  ingai'iive.j-  There  lias  been  considerable  discussion  about,  the  ui'.tuie  mid 
composition  of  on  one ;  but.  the  most  irusiovorthy  tvperimenls  seem  to  show 
that,  iu  whatever  way  produced,  it.  is  merely  a  modified  form  of  oxygen. 

Ozone  is  insoluble  in  water  and  in  solutions  of  acids  or  alkalies,  but  is 
absorbed  by  a  solui  ion  of  potassium  iodide.  Air  charged  with  it  exerts  an 
irritating  action  on  the  lungs.  Ozone  is  decomposed  I'1.'  heat,  gradually  at 
100=  G.  (212°  1'.,)  instantly  al  SOtP  (.;.  (T>"j-t"  V.)  It  is  an  extremely  power- 
ful oxidizing  agent;  possesses  strong  bleaching  and  disinfecting  powers; 
corrodes  cork,  caoutchouc,  and  other  organic  unbalances;  and  rapidly 
Oxidizes  iron,  copper,  ami  even  silver  wdien  moist,  as  well  as  dry  mercury 
and  iodine.  Il  is  remarkable  that  the  absorption  of  mimo  by  those  and 
oilier  agents  is  noi  attended  with  any  eoniraclion  of  volume.  Tho  expla- 
nation of  this  fact  appears  to  be,  thai  o\y;'en  when  ozonized  diminishes  in 
volume  (in  the  proportion  of  3  to  2,  according  to  Soret),  and  that  when 
the  ozone  is  decomposed  by  a  metal  or  other  substance,  one  portion  of  it 
enters  into  combination,  while  i  he  remainder,  which  is  set.  free  as  ordinary 
oxygen,  occupies  the  same  bulk  as  the  ozone  itself. 

[f  Also,  accordion.  A.  Ilmu-mui,  by  the  action  or  sulphuric  acid  on  barium  dioxide,  — R.  B.J 
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The  most  delicate  taut,  for  the  presence  of  ozone  in  any  gas  ia  afforded  by 
a  slrip  of  paper  moistened  with  a  inixlnri:  ol'  standi  arid  solution  of  po- 
tassium iodide,  Uu  exposing  such  ptiper  to  llie  aciion  of  ozone,  the  po- 
tassium iodide  is  decomposed,  its  pola.ssium  combining  with  oxygen,  while 
the  iodine  is  liberated,  arid  forms  a  deep  Id  in.1  compound  with  the  starch. 
Mow,  when  paper  thus  prepared  in  exposed  to  the  open  air  for  five  or  ten 
minutes,  it  often  inquires  n  blue  tint,  elm  iiii.cnstiy  of  which  varies  on  dif- 
ferent days.  Hence  ir.  has  been  plausibly  supposed  that  ozone  is  present 
in  the  air  in  variat.  !■■  quantity,  lint  iodine  may  lit  liberated  from  po- 
tassium iodide  by  ninny  other  ageuH,  espeoia^y  by  cerlain  oxides  of  ni- 
trogen, which  art  very  likely  to  be  presold  in  r.lie  air  in  minute  quantities: 
hence  the  existence  of  ozone  in  the  air  cannot  be  proved  to  be  present  by 
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Hydrogen  may  be  obtained  for  experimental  purports  by  deoxidizing 
water,  of  which  it  forms  a  characteristic  component..* 

If  a  tube  of  iron  or  port  chin,  containing  a  quantity  of  tilings  or  turnings 
of  iron,  be  fixed  across  a  furnace,  aaid  ii--  middle  poi-lioti  be  made  red-hot, 
and  then  the  vapor  of  water  transmitted  ovtr  the  heated  metal,  a  large 
quantity  of  permanent  gas  will  be  disengaged  from  the  tube,  and  the  iron 
will  become  converted  into  oxide,  and  acquire  an  increase  in  weight.  The 
gas  is  hydrogen  :    it.  may  be  collected  over  water  and  examined. 

Hydrogen  is.  however,  more  easily  obtained  by  decomposing  hydrochloric 
or  dilute  sulphuric  acid  with  lino,  the  metal  then  displacing  the  hydrogen 
in  I  lie  manner  already  explained  (p.  188). 

The  simplest  method  of  preparing  'ne  pis  is  the  following  :    A  wide-necked 
bottle  is  chosen,  and  fitted  with  a.  sound 
cork,   perforated   by  two    holes   for  the 
t^J  reception  of  a  small   tube-funnel  reach- 

';■  j  ing  nearly  to  the    bottom  of  the  bottle, 

'  and  a  piece  of  bent  glass  lube  to  convey 

away  the  disengaged  gas.  Granulated 
zinc,  or  scraps  of  (lie  malleable  metal, 
are  put  into  the  bottle,  together  with  a 
little  water,  and  sulphuric  acid  slowly- 
added  by  the  funnel,  the  point  of  wdiieh 
should  dip  into  the  liquid.  The  evolu- 
tion of  gas  is  easily  regulated  by  the 
supply  of  acid;  and  when  enough  lias 
been  discharged  to  expel  the  air  of  the 
vessel,  it  may  be  collected  .over  water 
in  a  jar,  or  passed  into  a  gas-holder. 
In  the  absonceof  zinc,  filings  of  iron  or 
Small  nails  may  be  used,  but  with  less 
advantage. 

A  little  practice  will  soon  enable  the 
pupil  to  construct  and  arrange  a  variety  of  useful  forms  of  apparatus,  in 
which  bodies,  and  oilier  articles  always  at  hand,  are  made  to  .-=  i i j; . . ■  -  —---.:.- 
more  costly  instrument;;.      Glass  I  alio,  purchased    by  weight  of  the  maker, 


B,  from  fi&jjp,  water,  and  y< 
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may  be  cut  by  scratching  with  a  file,  and  then  applying  a  little  force  with 
both  hands.  It  may  be  softened  nt:.d  bent,  w'-icii  o:'  su-.di  dimensions,  by  the 
flame  of  a  spirit- lamp,  m*  a.  candle,  or,  better,  by  ii  ga.s  jet.  Corks  may  be 
perforated  by  a  healed  wire,  and  too  hole  rendered  smooth  and  cylindrical 
by  a  round  flic  ;  or  the  ingenious  cork- borer  of  Tlr,  Mulir,  now  to  be  had  of 
all  instrument-makers,  may  be  used  instead.  Lastly,  iu  the  event  of  bad 
fitting,  or  unsound  uess  in  the  cork  itself,  n  I  in  In  yellow  wax  melted  over  the 
surface,  or  even  a  lit  lie  grease  applied  nil  k  I  lie  linger,  renders  it  sound  and 
air-light,  when  not.  exposed  to  heat. 

Hydrogen  is  colorless,  tasteless,  ami  inodorous  when  quite  pure.  To  ob- 
tain it  in  this  condition,  it  must,  he  prepared  from  I  lie  purest  line  that  can 
be  obtained,  and  passed  in  socecssioii  Hi  rough  solui  ions  of  potash  and  silver 

nitrate.     When  prepared  from  oo ereial  zinc,  it  lias  a  slight  smell,  which 

is  due  to  impurity,  and  when  iron  lias  been  used,  the  odor  is  very  strong 
ami  disagreeable.  It  is  iuibimriiablc  and  barns,  when  kindled,  with  a  pale, 
yellowish  flame,  evolving  much  heat,  but  very  little  light.  The  result  of  the 
combustion  is  water.  It  is  even  less  soluble  in  wnter  than  oxygen,  and  lias 
never  been  liquefied.  Although  JusliLut.o  uf  poisoum.s  properties,  it  is  in- 
capable of  sustaining  life. 

Hydrogen. is  I  iie  kghre-r  si;  1  is!  a  nee  kno-.vr. :   Dumas  and  "Rous-  Jfy.BB. 

sina;;i!i!t  piace  its  density  'letwren  iHJ'irH  mid  0-t.ti !l>,">,*  referred 
to  that  of  air  us  unity.  Trie  weight  of  n  litre  of  hydrogen  at 
0°  C,  and  under  it  barometric  pressure  of  0-700  metro.  Is 
O-OB'JBl  gram.;  Ciins.'.  |ii.'ni  I  v.  a  itvam  of  hydrogen  occupies  a 
space  of  11-16047  litres.f  At  15-5°  C.  (GO"  J;\),  and  30  inches 
barometric  pressure,  10!)  culms  inches  weigh  2'14  grains. 

When  a  gas  is  uiiicii  lighter  or  natli  heavier  than  atmos- 
pheric air,  it  may  often  be  collected  and  examined  without  the 
aid  of  the  pneumatic  trough.  A  bottle  or  narrow  jar  may  be 
filled  willi  hydrogen  w:i  hout  much  ad  mi  srirrd  of  air,  by  invert- 
ing it  over  the  extremity  of  an  upright  tube  delivering  this  gas. 
In  a  short,  time,  if  the  supplj  bo  copious,  the  air  will  be  wholly 
displaced,  and  the  vessel  tilled.  It  may  now  be  removed,  the 
vortical  position  being  earefuily  retained,  and  closed  by  a  stop- 
per or  glass  plate.  If  the  mouth  of  the  jar  be  wide,  it  must 
be  partially  closed  by  a  piece  of  cardbos.rd  during  ilie  operation.  This 
method  of  collecting  gases  by  displacement  is  often  extremely  useful.  Hy- 
drogen was  formerly  used  for  tilling  air-balloons,  being  made  for  the  pur- 
pose on  the  spot  from  zinc  or  iron  nnd  dilute  sulphuric  ncid.  [ts  use  is  now 
superseded  by  that  of.  coal-gas.  which  may  be  made  v^i-\  light  by  employ- 
ing a  high  temperature  in  the  manufacture.  Although  far  inferior  to  pure 
hydrogen  in  buoyant  power,  it  is  found  in  practice  to  possess  advantages 
over  (hat  substance,  c/hile  irs  greater  density  is  easily  compensated  by  in- 
ers-asing  (lie  magnitude  of  the  balloon. 

There  is  a  very  remarkable,  property  possessed  by  gases  and  vapors  in 
general,  which  is  seen  in  a  high  degree  of  in'cnsit.y  in  ilsc  ease  of  hydrogen: 
this  is  what  is  called  diffusive-  power.  Tf  two  bottles  containing  gases  which 
do  not  act  chemically  upon  each  other  a  I  eonnnou  temperatures  be  connected 
by  a  narrow  iube  itml.  left  for  some  lime,  the  gases  will  be  found,  at  the  ex- 
piration of  a  certain  period,  depending  much  upon  Ihe  narrowness  of  the 
tube  and  its  length,  uniformly  mixed,  even  ihougb  they  differ  greatly  in 
density,  and  the  system  has  been  arranged  in  a  vertical  position,  with  the 
heavier  gas  downwards.  Oxygen  ami  hi  drogen  can  thus  be  made  to  mix, 
in  a  few  hours,   against  the   action  of  gravity,  through  a  tube  a  yard  in 

*  Aim.CHm.  Ptiys.,  3(1  series,  vlii.  201. 
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length,  and  nut  more  rliiiii  one  hii:ut:  im-  of  an  inch  in  diameter :  and  the  faef 
is  true  of  all  other  itasos  which  are  destitute  ol'  direct  action  upon  each 
other. 

If  a  vessel  be  divided  .into  two  portions  by  a  diaphragm  or  pari  it  ion  of 
porous  earthenware  or  dry  plaster  of  Paris,  and  cadi  halt'  filled  with  a  dif- 
ferent gas,  diffusion  will  imntediai  civ  c  mimic  nee  through  the  pores  of  the 
dividing  substance,  and  will  continue  imfil  perfect  mixture  has  taken  place. 
All  gases,  however,  do  no)  permeate  the  same  parous  body,  or,  in  other 
wonts,  do  not  pass  through  narrow  orifices  with  Hie  same  degree  of  facility. 
Professor  Graham,  10  whom  we  are  indebted  for  a  very  valuable  investiga- 
tion of  this  interesting  subject,  lias  established  Hie  existence  of  a  very 
simple  relation  between  llic  rapidity  of  dilfusiiiu  mid  the  density  of  the  gas, 
which  is  expressed  by  saying  that  ffi.e  diffusive  power  varies  inversely  as 
the  square  root  of  the  density  of  the  gas  itself.  Thus,  in  the  experiment 
supposed,  if  one  half  of  the  vessel  bo  Idled  with  hydrogen  and  the  other 
half  with  oxygen,  the  two  gases  will  penetrate  llic  diaphragm  at  very  dif- 
ferent rates;  four  mi  hie  i  tidies  of  hydrogen  m  ill  puss  into  the  oxygen  side, 
while  one  cubic  Inch  of  oxygen  travels  in.  the  opposite  direction.  The  den- 
sities of  the  two  gase*  (ira  to  oaeli  otimr  in  the  proportion  of  1  to  16  ;  their 
relative  rates   of  diffusion  will  be   inversely  as  the  square  roots  of  these 

In  order,  however,  that  this  law  may  be  accurately  observed,  it  is  neces- 
sary that  the  porous  plate  lie  vdi-v  iliiu  ;  with  plates  of  stucco  an  inch  thick 
or  more,  which  really  consist,  of  a  congeries  of  long  capillary  tubes,  a  dif- 
ferent law  of  diffusion  is  observed.'1"  An  excellent  material  for  diffusion 
experiments  is  the  a  Hi  tie  billy  compressed  graphite  of  Mr.  liroekedon.  of  the 
quality  used  for  making  writing-  pencils.  .11  may  lie  reduced  by  cutting  and 
grinding  to  the  thickness  of  a.  wafer,  but.  still  retains  considerable  tenacity. 
The  pores  of  this  subs:  ante  appear  to  lie  so  small  its  entirely  to  prevent  the 
'  '  n  of  gases  in  mass,  so  that,  to  use  the  language  of  Mr.  Graham, 
a  molecular  sieve,  allowing  only  molecules  io  pass  through. 

The  simplest  and  most  striking  method  of  exhibiting  the 
phenomenon  of  diffusion  is  by  the  use  of  Graham's  diffu- 
sion-tube. This  h  merely  it  piece  of  wide  glass  tube  ten  or 
twelve  inches  long,  having  ioie  of  its  extremities  closed  by 
a  plate  of  plaster  of  Paris  abiuii  half  an  inch  thick,  ami 
well  dried.  When  the  tube  is  Idled  by  displacement  with 
hydrogen,  and  then  set  upright  in  a  glass  of  water,  the 
level  of  the  liquid  rises  in  the  tube  so  rapidly,  that  its 
movement,  is  apparent  to  the  eye.  and  speedily  attains  a 
height,  of  several  inches  above  the  water  in  the  glass.  The 
gas  is  nctita.il;,-  rareibd  by  its  superior  (1  illusive  power  over 
that  of  the  external  air. 

It  is  impossible  to-  over-estimate  the  importance  in  the 
economy  of  Nature  of  this  very  curious  law  affecting  the 
constitution  of  gaseous  bodies:    it    is  the  principal  means 

by  which   the  a sphere  is  preserved  in  a  uniform   state, 

and  the  accumulation  of  poisonous  gases  and  exhalations 
in  towns  and  other  confined  localities  prevented. 
A  partial  separation  of  gases  and  vapors  of  unequal  diffusibtlity  may  be 
effected  by  allowing  the  mixture  to  permeate  through  a  plate  of  graphite  or 
porous  earthenware  into  a  vacuum.  This  effect,  called  raseij™,  is  best  ex- 
hibited by  means  of  an  instrument  ea'iioil  the  tufa  nia-i; ■'.».■■.;■■,  This  is  simply 
a  narrow  tube  of  ungbr/ed  ea.rthenware,  such  as  a  lobaceo-pipe  stem,  two 
feet  long,  which  is  placed  within  a  short  er  tube  of  glass,  and  secured  in  its 
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position  by  corks.  Tim  glass  I  uhc  is  connected  with  an  ah-- pump,  and  the 
annular  space  -between  the  two  tubes  is  made  a--  nearly  vacuous  as  possible. 
Air  or  other  mixed  gas  is  ihen  all  on  cd  to  How  nlots^r  the  clay  tube  in  a  slow 
stream,  and  collected  as  it  issues.  Tlie  gas  or  air  atinolysed  is,  of  course, 
reduced  in  volume,  mueh  gas  penetrating  through  the  pores  of  the  clay 
tube  into  the  air-pump  vacuum,  ami  the  lighter  gas  diffusing  the  more  rap- 
idly, so  that  the  proportion  of  (lie  denser  constituent  is  increased  in  the  gas 
collected.  In  one  experiment.,  Ihe  proportion  of  oxygen  in  the  air,  after 
traversing  the  atmolyser,  was  increased  from  ^0-8  per  cent.,  which  is  the 
normal  proportion,  lo  2-1--3  per  cent.  Will)  a  mixture  of  oxygen  and  hy- 
drogen, the  separation  is,  of  course,  still  more  considerable.* 

A  distinction  must  be  carefully  drawn  be  live  en  real  diffusion  through  small 
apertures,  and  the  apparently  similar  passage  of  pises  through  membran- 
ous diaphragms,  such  as  cauutdiouo,  bladder,  gold  benlcr's  skin,  etc.  In 
this  mode  of  passage,  which  is  called  s.vw/tt  the  rate  of  interchange  de- 
pends partly  on  r.lm  relative  ditfusibilitics  of  tlie  gases,  partly  on  the  differ- 
ent degree.-;  of  adhesion  exerted  by  the  membrane  on  the  different  ga.scs, 
by  virtue  of  which  t.ho  gas  which  a.dheros  most-  powerfully  penetrates  the 
diaphragm  most  easily  and.  al.la.iuing  Ihe  opposite  surface,  mixes  with  the 
other.  A  sheet,  of  caoutchouc  tied  over  the  mouth  of  a  wide-mouthed 
bottle  filled  with  hydrogen,  is  soon  pressed  inwards,  even  to  bursting.  K 
the  bottle  be  tilled  with  air,  and  placed  in  an  attaospiiere  of  hydrogen, 
the  swelling  am]  burst  in;;  i  .ikes  plaue  out  wards.  If  the  membrane  is  moist, 
the  result  is  likewise  affected  by  the  di  lie  rem  soluhilii  ies  of  the  gases  in  the 
water  or  other  liquid  which  wets  it.  For  example,  the  diffusive  power  of 
carbonic  acid  into  atmospheric  air  is  very  small,  but  ii  passes  into  the  latter 
through  a  wet  bladder  with  tlie  utmost  ease, in  virtue  of  its  solubility  in  the 
water  with  which  the  membrane  is  moistened.  It  is  by  such  a  process  that 
tho  function  of  respiration  is  performed  ;  the  aeration  of  the  blood  in  the 
lungs,  and  the  disengagement,  of  the  oarhonic  aeid,  are  effected  through 
wot  membranes;  the  blond  is  never  brought  ink)  actual  contact  with  the 
air,  but  receives  its  supply  of  on  ve/eti,  and  disembarrasses  iisclf  of  carbonic 
acid,  by  this  kind  of  spurious  diffusion. 

The  high  diffusive  power  of  hydrogen  against  aii'  renders  it.  impossible  to 
retain  that  gas  for  any  lenglh  of  time  in  a  bladder  or  caoutchouc  bag;  it  is 
even  unsafe  to  keep  it.  long  in  a  gus-holilor.  lest  it.  should  become  mixed 
with  air  by  sligiii  accidental  lenknge,  mid  rendered  explosive. 

The  passage  of  gases  iliroueh  membranes  'ike  caoutchouc  or  varnished 
silk,  as  well  as  through  wet-  membranes  like  Madder,  appears  to  depend 
upon  an  actual  liquet  net  ion  of  tlie  ga.ses,  wbieh  then  be  route  capable  of  pen- 
etrating the  substance  of  the  membrane  [as  ether  mil  naphtha  do),  and  may 
again  evaporate  on  the  surface  ami  appear  as  gases.  The  unequal  absorp- 
tion of  gii-es  in  this  manner  often  el'fecls  n.  much  more  complete  separation 
of  the  components  of  a  gaseous  mi  si  ore  than  can  be  attained  by  the  atmo- 
lytie  method  above  described.  Thus,  tlinhnm  has  shown  that  oxygen  is  ab- 
sorbed and  condense' 1  by  en  out  eh  one  t  wo-aml-a.-half  times  more  abundantly 
than  nitrogen,  and  thai  when  one  side  of  a  caoutchouc  film  is  freely  ex- 
posed to  tho  air,  while  a  vacuum  is  produced  on  the  other  side,  the  film 
allows  41-6  per  cent,  of  oxygen  to  pass  through,  instead  of  21  per  cent, 
usually  present  in  the  air,  so  thin.  Ihe  air  which  passes  through  is  capable  of 
rekindling  v.-, aid  burning  without  flame. 

Even  metals  appear  to  possess  this  power  of  absorbing  and  liquefying 
gases.  Deville  ami  Truest,  have  observed  !  he  rem  a  eknble  fact  that,  hydrogen 
gas  is  capable  of  penetrating  platinum  anil  iron  tubes  at.  a  red  heat,  and 
Graham  is  of  opinion  i.hnt  this  effect  may  bo  connected  with  a  power  resi- 
dent in  these  and  certa.in  other  metals  to  absorb  and  liquefy  hydrogen, 
possibly  in  its  character  as  a  metallic  vapor.      Platinum  in  tho  form  yf 
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wire  or  plate,  at  a  low  red  heat,  ciin  lake  up  il-S  volumes  of  hydrogen 
measured  cold,  and  palladium  foil  condenses  as  much  as  tils,  times  Us  vol- 
ume of  hydrogen  at  a  Tompermuvo  below  lOt.P  C.  In  the  form  of  sponge, 
platinum  absorbed  1-48  times  irs  volume  of  hydrogen,  and  palladium  00 
volumes.     This  absorption  of  gases  by  tin.1  tills  is  called  oedusion* 

The  meteoric  iron  of  Umarl.o  contains  a  considerable  quantity  of  oc- 
cluded hydrogen.  "When  placed  in  a  good  vacuum,  it  yields  2-85  times  its 
volume  of  gas,  of  which  Sfv'if-  i ) i ■  i ■  cent,  consist  of  hydrogen,  with  4-46 
carbon  monoside  ami  1)  Si)  nitrogen.  i\ow,  hydrogen  lias  been  recognized 
by  spectrum  analysis  it!  the  1  it'll  of  the  lived  stars,  and  constitutes,  ac- 
cording to  (.he  observations  of  father  Seochi,  the  principal  element  in  the 
atmosphere  of  a  numerous  class  of  stars.  "  The  iron  of  Lcnarto,"  says 
Mr.  Ciriihairs,  "lias,  no  doubt,  emus  from  such  an  atmosphere,  in  which 
hydrogen  greatly  pre  vailed.  This  meteorite  may  bo  1  naked  upon  as  holding 
imprisoned  within  it.  and  bringing  to  us,  the  hydrogen  of  the  stars."  f 

The  rates  of  effusion  of  gases,  that  is  to  say,  their  rates  of  passage 
through  a  minute  aperture  in  a  thin  plate  of  metal  >>r  oilier  substance  into 
d,  vacuum,  follow  the  same  law  as  their  rate*  of  diffusion,  that  is  to  say, 
they  are  inversely  as  ibc  square  umic  of  the  densiries  of  I  lie  gases.  Never- 
theless, the  phenomena  of  dLlVtisinn  iiiLit  effusion  tire  essentially  different,  in 
their  nature,  the  effusive  movement,  affecting  masses  of  a  gas,  whereas  the 
diffusive  movement  atfects  only  molecules ;  and  a  gas  is  usually  carried  by 
the  former  kind  of  impulse  with  a  velocity  many  thousand  times  greater 
than  by  the  latter.  Mixed  pases  are  effused  at-  the  same  rates  as  one  gas 
of  the  actual  density  of  the  mixture :   and  lie   separation  of  the  gases  oc- 

The  law  of  effusion  just  slated  is  true  only  under  ihe  ciwlition  that-  the 
gas  shall  pass  through  a  minute  aperture  in  a  very  thin  plate.  If  the  plate 
be  thicker,  so  that  the  aperture  becomes  a  tube,  very  different  rates  of 
efflux  aro  observed;  and  when  the  capillary  tube  becomes  considerably 
elongated,  so  that  its  length  exceeds  its  din  meter  at  '.east  .100  limes,  the  rates 
of  flow  of  different  gases  into  a  vacuum  again  assume  a.  constant  ratio  to 
each  other,  following,  however,  a  l.aiv  totally  ilistinct  from  that  of  effusion. 
The  principal  general  results  observed  wii.Fi  relation  I  n  this  phenomenon  of 
"Capillary  Transpiration"  are  as  follows:  — 

1.  The  rate  of  transpiration  of  the  same  gas  increases,  su-.t/ris  paribus, 
directly  as  the  pressure;  in  other  words,  equal  volumes  of  gas  at  different 
densities  require  times  inversely  proportional  to  their  densities.  2.  With 
tubes  of  equal  diameter,  the  volume  transpired  in  eotial  times  is  inversely 
as  the  length  of  the  tube.  S,  As  the  temperature  rises,  iho  transpiration 
of  oqual  volumes  becomes  slower.  4.  The  rates  of  transpiration  of  different 
gases  bear  a  constant  relation  to  each  other,  totally  independent  of  their 
densities,  or,  indeed,  of  any  known  proper;;-  of  the  gases.  Equal  weights 
of  oxygen,  nitrogen,  and  carbon  monoxide  are  I  i-nuspired  in  equal  times: 
bo  likewise  are  equal  weights  of  nitrogen,  nitrogen  il;.: side,  and  carbon  mon- 
oxide; and  of  hydrogen  chloride,  car  ben  dioxide,  and  nitrogen  inonoside.J 

COJTMNATION   OF   HYDROGEN  WITH    OXYGEN. 

It  has  been  already  staled  that,  although  the  light,  emitted  by  the  flame 
of  pure  hydrogen  is  exceedingly  feeble,  yet  the  temperature  of  the  flame  is 
very  high.  The  temperature  may  tie  still  further  exalted  by  previously 
mixing  the  hydrogen  with  as  much  oxygen  as  it  requires  for  combination, 

*  Grnham,  Thil.  Tunis.  ISilH;  .T.aireal  of  the  Chemical  Society,  [2]  V.  236. 
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that  is,  63  will  presently  be  soon,  wiih  half  its  -volume.  Such  a  mixture 
burns  like  gunpowder,  independently  of  i  Iks  externa]  air.  When  raised  to 
the  temperature  required  far  combination,  the  iiv.i  gasos  unite  with  explo- 
sive violenoe.  If  a  strong  bottle,  holdiojr  not  inure  than  half  a  pint,  bo 
filled  wiih  such  si  iniunro.  the  introduction  of  si  lighted  match  or  red-hot 
,  moment  the  union  of  the  gases.  By  certain  precau- 
ire  of  oxygen  and  hydrogen  can  In'  burned  at  a  jet  without 
n  of  fire  to  the  contents  of  tin;  vessel  ;   ilie  llnmo  is  in  this  case 

A  little,  consideration  will  shew,  that  all  ordinary  flames  burning  in  the 
air  or  in  pure  oxygen  arc,  of  necessity,  hollow.  Tlie  ad.  of  combustion  is 
nothing  more  than  Ilie  energetic  union  of  the  substance  burned  with  the 
surrounding  oxygen  ;  a inl  this  union  can  take  place  only  at  the  surface  of 
the  burning  body.  Such  in  not  the  case,  however,  with  the  flame  now 
under  consideration ;  the  combustible  ami  the  oxygen  are  already  mixed, 
and  only  require  to  iiave  their  temperature  a  little  raised  to  cause  them  to 
combine  in  every  part.  The  tin  me  so  produced  is  very  different  in  physical 
characters  from  that  of  a  simple  jet.  of  hydrogen  or  any  other  combustible 
gas;  it  ia  long  ami  pointed,  ami  very  remiirkiible  in  appearance. 

The  safety-jet  of  Mr.  Hemming,  tiie  construction  of  which  involves  n 
principle  not  yet  discussed,  may  be  adapted  to  a  common  bladder  contain- 
ing the  mixture,  anil  held  under  the  arm.  ami  the  gas  forced  through  the 
jet  by  a  little  pressure.  Although  tiiis  jut,  properly  constructed,  is  believed 
to  be  safe,  it  is  best  to  use  nothing  stronger  than  a  bbi.dder,  for  fear  of  in- 
jury in  the  event,  of  atl  explosion.  The  gases  arc  often  contained  in  sepa- 
rate reservoirs,  a  pair  of  hir;;e  gas-'nobicr.s.  foe  evs  tuple,  and  only  suffered 
to  mix  in  the  jet  itself,  as  in  flic  ermlriviiticc  of  Professor  Daniell:  in  this 
way  all  danger  is  avoided.  The  eye  speedily  becomes  accustomed  to  the 
peculiar  appearance  of  the  true  hydro  osvgoii  flame,  so  as  to  permit  the 
supply  of  each  gas  to  be  exact  lv  racial  t'd  l.j  s unable  stop-coots  attached 
to  the  jet  (fig.  98). 

Fig.  83.  Fig-  w. 
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steel  Hie  burns  with  the  utmost  hi-Dlinucy,  ibrow;ng  off  showers  if  boaaiifu] 
sparks ;  an  uiconilji.sdblc  oxidized  boiij  ,  as  magnesia  or  lime,  becomes  so 
intensely  ignited  as  to  glow  with  a  light  InaupportablB  to  the  eye,  and  to 
be  susceptible  of  employment  as  a  most  powerful  illuminator,  as  a  sub- 
stitute for  the  sun's  ravi  in  the  solar  microscope,  ami  l'ui'  night-signals  in 
trigonometrical  surveys. 

If  a  long  glass  tube,  open  at  both  ends,  be  held  over  a  jut  of  hydrogen 
(fig.  99],  a  series  01  musical  sounds  arc  sometimes  produced  by  the  partial 
extinction  and  rekindling  of  the  flame  by  the  ascending  current  of  air. 
These  little  explosions  succeed  each  oilier  ai  tegular  intervals,  and  SO 
rapidly  as  to  give  rise  to  a  musical  note.,  the  pilch  dep eliding  chiefly  upon 
the  length  and  diameter  of  the  tube. 

Although  invjra  and  hydrogen  may  be  hour  mive.i  a!  co-urn  or.  tempcra- 
tures  for  any  length  of  time,  wilhoin  combination  taking  place,  yet,  under 
particular  circumstances,  they  unite  quietly  am*  without  explosion.  Many 
years  ago,  Professor  Piiheroinor,  of  Jena,  made  the  curious  observation, 
that  finely  divided  platinum  pnsscssod  l.ho  power  of  determining  the  union 
of  the  gaaea;  and,  move  recently,  Mr.  Kara  J  ay  has  shown  that  the  state  of 
minute  division  is  by  no  mean*  indispensable,  since  rolled  plates  of  the 
metal  have  the  same  property,  provided  their  surfaces  are  absolutely  clean. 
Neither  ia  toe  effect  strictly  common  la  platinum;  other  metals,  as  palla- 
dium und  gold,  and  even  stones  and  glass,  exhibit  (lie  tame  properly,  al- 
though to  a  far  inferior  degree,  since  ihcy  often  require  to  be  aided  by  a 
little  heat.  lv'kc:i  a  i.:.eoe  of  p'.iitluum-foil,  which  lias  been  c  lea  tied  I  v  hot 
oil  Of  vitriol  anil  thorough  washing  with  distilled  water,  is  thrust  into  a 
jar  containing  a  mixture  of  oxygen  and  hydrogen  standing  over  water, 
Combination  of  the  two  gases  immediately  begins,  and  the  level  of  the  water 
rapidly  rises,  while  the  platinum  becomes  so  liol  that  drops  of  water  acci- 
dcn:.al[y  tailing  upon  it  enter  into  eballil  ion.  If  I  he  metal  be  very  thin  and 
exceedingly  clean,  and  (he  gases  vo.iy  pure,  its  tempernture  rises  after  a 
time  to  actual  redness,  ami  the  residue  of  Ihe  mixture  explodes.  But  this 
is  an  etfeet  altogether  accidental,  and  dependent  upon  the  high  temperature 
of  the  platinum,  which  high  ieniperaturo  lias  been  produced  by  the  pre- 
ceding quiet  combination  of  the  two  bodies.  When  the  platinum  is  reduced 
to  a  state  of  minute  division,  and  its  surface  thereby  much  extended,  it  be- 
comes immediately  red-hot.  in  a  mixture  of  hydrogen  and  oxygen,  or  hydro- 
gen and  air;  a  jet  of  hydrogen  I  brown  upon  a  lit  lie  of  the  spongy  metal, 
contained  in  a  glass  or  capsule,  is  at  once  kindled,  and  on  this  principle 
machines  for  the  production  of  iuslantaneous  light  have  been  constructed. 
These,  however,  act  well  only  when  constantly  used;  the  spongy  plati- 
num is  apt  to  become  damp  by  absorption  of  mo  is  I  tire  from  the  air,  and  its 
power  is  then  for  the  time  lost. 

The  best  explanation  llia.t  can  be  given  of  these  curious  effects  is  to  sup- 
pose that  solid  bodies  in  general  have,  to  a  greater  or  less  extent,  the  prop- 
erty of  condensing  gases  upon  their  surfaces,  or  even  liquefying  them  (as 
shown  p.  139),  and  that  litis  faculty  is  exhibited  preeminently  by  certain 
of  the  non-oxidizable  metals,  r.ts  phit'inuin  and  gold.  Oxygen  and  hydrogen 
may  thus,  under  these  circumstances,  lie  brought,  as  it  were,  within  the 
sphere  of  their  mutual  attractions  by  a  temporary  increase  of  density, 
whereupon  combination  ensues. 

Coal-gas  and  ether  or  alcohol  vapor  may  be  made  to  exhibit.  Ihe  phenom- 
enon of  quiet  oxidation  under  the  bill  tie  nee  of  this  remarkable  surface-ac- 
tion. A  close  spirttl  of  slender  platinum  wire,  a  roll  of  thin  foil,  or  even  a 
common  platinum  crucible,  healed  to  dull  redness,  ar.d  then  held  in  a  jet  of 
coal-gas,  becomes  strmml;  ignited,  and  remains  in  iliai  stale  as  long  as  the 
fiupply  of  mixed  gas  and  air  is  kept  up.  the  temperature  being  maintained 
by  the  heat  disengaged  in  the  act  of  union,  Sometimes  the  metal  hecomec 
white-hot,  and  then  the  gas  takes  fire. 
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A  very  pleasing  experiment  may  be  made  by  attaching  such  a  coil  of  iviro 

to  a  cord,  and  suspending  it.  in  a  glass  containing  a  lew  drops  of  ether, 
having  previously  made  ii  redduu  in  lilt  duutc  nf  a,  spirit- 
lamp.  The  wire  continues  to  jrirjiv  muii  I  he  oxygen  of  Jlj.  1(10. 
the  air  is  exhausted,  giving  rise  10  '.ho  production  of  an 
irritating  vapor  which  allaoks  tin;  eyes.  '['In.'  combusiion 
of  the  edier  is  in  siiis  case  bnl  } :■  a j ■  i i u 1 1  n  portion  of  its 
hydrogen  is.  alone  removed,  and  ihe  whole  of  ihe  carbon 
left  untouched. 

A  coil  of  thin  platinum  wire  may  lio  placed  over  the 
wick  of  a  spirir-la;:ip,  or  n  ball  of  spongy  pliiTinnm  sus- 
tained just  above  the  col  ton  :  on  lighting  i  lie  lamp,  and 
I  lion  blowing  it  out-  us  soon  us  (ho  met  ill  appear-;  red-hot, 
slow  co:i  i  bust  ion  of  the  spirit  drawn  i;p  by  tlio  eapillarhy 
of  llio  wick  will  take  place,  arXvmipsuuel  by  tin;  pungent 
vapors  jnsl  mentioned,  ivli.iuli  may  be  modified,  and  even 
rendered  agreeable,  by  dissolving  in  the  liquid  some 
sweet-smelling  essential  oil  or  resin. 

Hydrogen  forms  numerous  compounds  wiili  oilier  bodies,  although  il  is 
greatly  surpassed  in  this  respect,  not  only  by  n-tygen,  but  by  many  of  the 
other  elements.  The  chemical  reiniions  of  hydrogen  (end  to  place  it.  among 
the  metals.  The  great  discrepancy  in  physical  proper!  ies  is  perhaps  more 
apparent  than  real.  Hydrogen  is  hot  yet  known  in  tlio  solid  state,  while, 
on  the  other  hand,  ihe  vapor  of  ilie  metal  mercury  is  as  transparent  and 
colorless  as  hydrogen  iisolf.  This  vapor  is  only  about,  seven  times  heavier 
than  atmospheric  air,  so  thai  the  difference  in  this  respect  is  not  nearly  so 
great  as  that  in  ihe  oilier  direction  between  air  ami  hydrogen. 

There  lire  two  oxides  of  hydrogen  —  namely,  water,  and  a  very  peculiar 
substance,  discovered  in  ihe  year  J 818  Ly  _\l.  Thenard,  called  hydrogen 
dioxide. 

It  appears  Hist  the  competition  of  water  was  f.rsi  demonstrated  in  the 
year  1781  by  Cavendish;"-  bin  ilie  'liscovcry  of  she  exact-  proportions  in 
whieli  oxygen  and  hydrogen  unite  in  generating  thai  most  important  com- 
pound has,  from,  time  to  time  to  the  present  d:iy,  occupied  the  attention  of 
some  of  the  Dio«r.  distinguished  cultivators  of  chemical 
science.      There  are  two  distinct  methods  of  research  in  Fig.Vil. 

chemistry  —  the  uii'di/iie/d,  or  that,  in  which  the  com- 
pound is  resolved  into  its  elements,  ami  tiie  si/ii!in-{i'''il. 
In  whieli  the  elements  are  made  to  unite  and  produce 
this  compound.  The  tirst  method  rs  of  much  snore  gen- 
eral :;|i;ili;-ai  km  than  tlio  second ;  but.  in  this  particular 
instance  both  nmy  he  cniphiyob,  ahkough  1  he  results  of 
the  synthesis  are  the  more  valuable. 

The  decomposition  of  water  may  be  effected  by  voltaic 
electricity.  When  ivaler  is  aciduiatod  so  as  "0  vender  it 
n  conductor, t  and  a  porliuii  interposed  bchveena  pair 
of  pSiiLimuu  plales  connected  with  the  extremities  uf  a 
voliaie  apparatus  of  moderate  power,  deeomposil.ion  of 
the  liquid  takes  place  in  a  very  interesting  manner  ;  oxy- 
gen, in  li  state  of  perfect  purity,  is  evolved  from  the  wa- 
ter in  eon; net.  with  the  piare  hehoiging  lo  the  Clipper  end 
of  the  battery,  and  hydrogen,  equally  pure,  1 
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nectel  with  the  zinc  extremity,  the  middle  portions  of  liquid  remaining  ap- 
parently  unaltered.      ]iy  placing    small   gradualed  jars  over  the  phitit i 

plates,  the  gases  can  be  collected,  unil  their  quantities  determined.  The 
whole  arrangement  is  shown  in  lis;.  Hi]  ;  ihe  eondadiug  wires  puss  through 
the  hotfoot  ol'  the  glass  cup,  anil  away  to  the  battery. 

When  this  experiment  1ms  been  continued  it  suilicient,  time,  it  will  be 
found  that  the  volume  of  the  hydrogen  is  a  wry  little  above  twice  that  of 
the  oxygen:  were  it  not  for  the  accidental  oircttiiislance  of  oxygen  being 
sensibly  more  soluble  in  water  tlian  hydrogen,  the  proportion  of  two  to 
one  by  measure  would  came  out  exactly. 

Water,  as  Mr.  Grove  has  shown,  is  likewise  decomposed  into  its  constit- 
uents by  heat.  The  effect  is  produced  by  introducing  platinum  balls, 
ignited  by  electricity-  or  other  means,  into  water  or  steam. 
Fig.  102.  The  two  gases  are    obtained  in  very  small  quantities  at  a 

When  oxygen  and  hydrogen,  liotli  as  pore  as  possible,  are 
mixed  in  the  prop orti tins  mentioned,  passed  into  a  strong 
glass  tube  stiLiidiii"  uvu  mercury,  autl  exploded  by  the  elec- 
tric spark,  all  the  mi\luio  disappears,  and  the  mercury  is 
forced  up  into  the  tube,  filling  it  completely.  The  same 
experiment  may  be  made  wiiit  the  explosion-vessel  or  eudi- 
ometer of  Cavendish  (tig.  102).  The  instrument  is  exhausted 
at  the  air-pump,  ami  then  filled  from  a  cupped  jar  with  the 
mixed  gases;  on  passing  an  electric  spark  by  the  wires 
shown  at  a,  explosion  ensues,  and  the  gbiss  becomes  bedewed 
with  moisture ;  atid  if  the  stop-cock  be  then  opened  under 
water,  the  latter  will  rush  in  and  iill  the  vessel,  leaving 
merely  a  bubble  of  air,  the   result  of  imperfect,  exhaustion. 

The  process  upon  which  most  reliance  is  placed,  is  (hat.  in 
which  pure  copper  oxide  is  reduced  at  a  red-heat  by  hy- 
drogen, and  the  water  so  formed  is  collected  and  weighed, 
This  otitic  sutlers  no  change  b_t  heat  alone,  but-  the-  momen- 
tary contact  of  hydrogen,  or  any  common  combustible  mat- 
ter, at  a  high  tcniperai  ore.  so  Hi  cos  to  reduce  a  corresponding 
portion  to  the  metallic  stale.  I'ig.  JOS  will  serve  to  convey 
some  idea  of  the  arrangement  adopted  in  researches  of  this 

A  copious  supply  of  hydrogen  :is  procured  by  the  action 
of  dilute  sulphuric  acid  upon  the  purest,  zinc  that  can  be 
obtained;  the  gas  is  made  to  pass  in  succession  through  so- 
lutions of  silver  and  strong  caustic  potash,  by  which  its 
purification  is  completed.  After  this  it  is  conducted  through 
a  tube  three  or  four  inches  in  length,  tilled  with  fragments 
of  pumice-stone  st.eeued  in  concentrated  oil  of  vitriol,  or 
with  anhydrous  phosphoric  acid.  These  substances  have  so 
great  an  attraction  for  aqueous  vapor,  thai  they  dry  the  gas 
completely  during  its  transit.  The  extremity  of  this  tube 
IS  shown  at  a.  The  dry  hydrogen  thus  arrives  at  the  pari 
of  the  apparatus  containing  the  oopper  oxide  represented 
at  b;  this  consists  of  a  livo-neeked  nasi;  of  very  hard  white  glass,  main- 
tained at  a  red-)ieai.  by  a  spirit -lamp  placed  beneath.  As  the  decomposition 
proceeds,  the  water  produced  by  the  reduction  of  the  oxide  begins  to  eon- 
dense  in  the  second  tied;  of  the  flask,  whence  ir  deeps  info  the  receiver  c, 
provided  for  the  purpose.  A  second  desiccating  lube,  prevents  the  loss  of 
aqueous  vapor  by  the  current  of  gas  which  passes  in  excess. 

Before  the  experiment  can  be  commenced,  tho  copper  oxide,  the  purity 
of  which  is  well  ascertained,  I 
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s  then  suffered  to  cool,  and  very  carefully  weighed 


le  action  ia  at  first  very  energetic;  the 
e  of  ignition;  but  as  (lie  decomposition 
proceeds,  it  becomes  mort  sinj!!;is!i,  and  reipiiies  tun  application  of  a  con- 
siderable heat  to  effect  its  completion. 

When  the  process  is  at  an  end,  and  the  apparatus  perfectly  cool,  the 
Stream  of  gas  is  discontinued,  dry  air  is  drriwti  through  (lie  whole  arrange- 
ment, and,  lastly,  the  parts  are  disconnected  and  roweighed.  The  loss  of 
the  copper  oxide  [rives  the  oxygen;  ilie  gain  of  the  receiver  and  its 
drying-tube  indicates  the  water:  and  the  difference,  between  the  two, 
the  hydrogen. 

A  set  of  experiments,  made  in  Pari*  in  the  year  1820, *  by  Dulong  and 
Bcrzelius,  gave  as  a  mean  result,  for  the  composition  of  water  by  weight, 
8-OOS  parts  oxygen  to  1  part,  hydrogen  ;  numbers  so  nearly  in  the  proportion 
Of  8  to  1,  that  the  latter  have  usually  been  assumed  to  he  true. 

More  recently  the  subjeet  has  been  roinvesliga.Tcd  by  Dumas,  f  with  the 
most  scrupulous  precisien,  and  the  above  supposition  fully  confirmed.  The 
composition  of  water  may  therefore  be.  consi'le.red  us  established;  it  con- 
tains by  weight  8  parts  oxygen  to  1  part,  hydrogen,  and  by  measure,  I  vol- 
ume oxygen  to  2  vol  nines  hydrogen,  '[iu.  densities  ol'  the  gases,  as  already 
mentioned,  correspond  very  closely  with  these  results. 

The  physical  properties  or'  water  are  too  well  known  to  need  lengthened 
description:  it  is,  when  pure,  colorless  anil  transparent,  destitute  of  taste 
and  odor,  and  an  exceedingly  bait  conductor  of  electricity  of  low  tension. 
It  attains  its  greatest,  density  Inwards  -l-.V-  C.  (-HP  P.),  freezes  at  0"  0.  (32° 
F.)4  and  boils  under  the  ordinary  atmospheric  pressure  at  or  near  100°  C. 
(212°  F.).     It  evaporates  ai  nil  temperatures. 

The  weight  of  a  cubic  centimetre  of  water  at  the  maximum  density  is 
chosen  as  the  unit  of  weight  of  the  mel  ileal  system,  and  called  a  gram; 
consequently  a  litre  or  cubic  decimetre  .:10(!  cubic  centimetres  of  water, 
at  the  same  temperature,  weighs  1000  grams,  or  1  kilogram-. 

A  cubic  inch  of  water  at  10-7°  t'l.  (i>2°  F.)  weighs  SCiSi-lS  grains;  a  cubic 
foot  woigha  nearly  1000  ounces  avoirdupois;  ami  an  imperial  gallon  weighs 
70,000  grains,  or  10  lbs.  avoirdupois*.  Water  is  S!io  times  heavier  than  air. 
To  all  ordinary  observations,  it  is  incompressible;  very  accurate  experi- 
ments have  nevertheless  shown  that.  it.  does  yield  to  a  small  extent  when 
the  power  employed  is  very  grcar.  1  he  it  ii  id  nut  ion  of  volume  for  each  atmo- 
sphere of  pressure  being  about.  •">)  ■millionth  of  the  whole. 

Clear  water,  although  colorless  in  sntali  hulk,  is  blue  like  the  atmosphere 
when  viewed  in  mass.     This  is  seen  in   ilie  deep  ultramarine  tint  of  the 

*  Ami.  Chim.  Phji.  xv.  m  t  Ibid.  3d  series,  viil.  1R9. 
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ocean,  and  perhaps  in  a.  still  more  beautiful  manner  in  the  lakes  of  Switzer- 
land and  other  Alpine  countries.  ;;  11  ■  I  in  the  rivers  which  issue  from  them, 
tin;  slightest,  admixture  of  mini  or  suspended  impurity  destroying  the  effect. 
The  mi  Hi!  magnificent  color  is  visible  in  i-li  ■  -  lissirn^  and  caverns  l'ov.  in!  in  t  he 
ite  of  the  glaciers,  which  is  usually  extremely  pure  a  ml  transparent  within, 
although  foul  upon  rite  surface. 

The  specific  gravity  of  stciim  or  vapor  of  water  is  fountl  by  experiment 
to  be  U'li-o,  enmparc:!  with  aii-  ;ii  Ihc  same  tomiicrniurt!  ami  pressure,  or  U 
as  ciuuuatvd  '.vi:h  hydro  gen.  Now,  it  has  been  already  slitun,  (hat  writer 
is  composed  of  two  volumes  of  hydrogen  and  one  volume  of  oxygon ;  and 
if  the  weight  of  one  volume  of  hydrogen  he  taken  as  unity,  Unit  of  two 
volumes  hydrogen  {-.-  _)  and  one  volume  oxygen  (=  16)  will  together  make 
18,  which  is  the  weight  of  two  volumes  of  water-vapor.  Cense  nueu'iy 
water  in  the  slutr.  of  cujuir  f-.inn.hts  of  two  nn/uii-.i.s  <;f  h'lih-r.ijm  ami  one.  i-.:l\twi:  if 
CJ-.j/i/-.  a  ?.ot\den?.ed  into  lv.m  vuiuiiirs.  A  ire;  bud  of  ocmou-araiing  Ibis  important 
fact  by  diced  experiment  has  been  devised  by  .He  llofmann.  It  consists  in 
'■xpl-idiuji  a  mixture,  of  two  volumes  hydrogen  and  one  volume  oxygco.  by 
the  eleutrie  spark,  in  a,  eudiometer  tube  enclosed  in  on  atmosphere  of  the 
vapor  of  a  liquid  (anijiif  ale  ohm)  which  boils  ai  a  temperature  considerably 
above  that  of  boiling  water,  so  that  the  waler  produced  by  the  combination 
of  tlie  gases  remains  in  the  state  of  vapor  instead  of  at  once  condensing  to 
the  liquid  form.  It  is  then  seen  that  the  three  volumes  of  raised  gas  are 
reduced  after  the  explosion  to  two  volumes.* 

"Water  seldom  or  never  occurs  in  nature  in  a  state  of  perfect  purity:  even 
the  rain  which  falls  in  Ihe  open  country  eonuius  a  trace  of  amnioniaeal 
salt,  while  rivers  and  spring-;  ace  invariably  eontaniitia'.cd  in  a  greater  or 
loss  eitent  with  soluble  matters,  saline  mid  organic.  Pimple  nitration 
throned!  a  porous  atone  or  a  bed  of  sand  will.  separaTC  suspended  in:  |  aunties. 
hut  distillation  alone  will  free  the  liquid  from  those  which  ace  dissolved. 
In  the  preparation  of  distilled  water,  which  is  an  article  of  large  consump- 
tion in  tho  scientific  laboratory,  it  is  proper  to  reject  the  first  portions 
which  pass  over,  and  to  avoid  carrying  the  distillation  to  dryness.  The 
process  may  he  conducted  in  a  metal  still  furnished  with  a  worm  or  condenser 
of  silver  or  tin;  lead  must  not.  be  used. 

The  ocean  is  the  great  recipient  ot  the  sdmc  mailer  carried  down  by  the 
rivers  which  drain  the  land:  hence  the  vast  accumulation  of  salts.  The 
following  table  will  serve  to  convey  an  idea  of  the  ordinary  composition  of 
sea-water;  the  ana  lysis  is  by  Dr.  Skill  wciuer,  j  of  Brighton,  the  water  being 
that  of  the  British  Channel: 

1000  grains  contained  — 

Water 964-745 

Sodium  Chloride            .            .            .  27-059 

Potassium  Chloride                .              .              .  0-766 

Magnesium  Chloride     .            .            .  it-WiG 

Magnesium  Bromide             .              .              .  0029 

Magnesium  Sulphate     .            .            .  2-296 

Calcium  Sulphate     ....  1-40S 

Csloinm  Carbonate         .              .              .  0-033 

Traoes  of  Iodine  and  Ammoniacal  salt      .  ■  ■ 
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ence  of  local  causes,  evieh   as  the  proximity  of  large  rivers,  or  masses  of 
melting  ice,  and  other  circumstances. 

Natural  springs  are  often  impregnated  to  a  great  extent  with  soluble 
substances  derived  from  Hie  rocks  they  traverse:  such  are  the  various 
mineral  waters  s-callered  over  the  whole  earth,  and  to  which  medicinal 
virtues  are  attributed.  Some  of  these  hold  ferrous  oxide  in  solution,  and 
are  effervescent  from  carbolic  acid  gas ;  other*  are  alkaline,  probably  from 
traversing  rocks  of  volcanic  origin:  seme  cimfain  a  very  notable  quantity 
of  iodine  or  bromine.  Their  toiiiperytiivos,  also,  arc  a-  vaviahk  as  their 
chemical  nature.  A  tabular  notice  of  some  of  the  most  remarkable  of  Iheso 
waters  will  he  found  in  Ihc  Appendix. 

Water  enters  into  direct  cm  dictation  with  other  bodies,  forming  a  class 
of  compounds  called  hydrates ;  the.  action  is  often  very  energetic,  much 
heat,  hcing  evolved,  as  in  the  case  of  the  slaking  of  lime,  which  is  really 
the  production  of  a  hydrate  of  ibao  base.  Sometimes  ihc  attraction  be- 
tween the  water  am!  the  second  lnaiv  is  so  great,  that  the  compound  is  not 
decomposable  by  any  heat  that  can  he  applied:  the  hydrates  Of  potash  and 
soda,  and  of  phosphoric  osirie,  furnish  examples.  Oil  of  vitriol  is  a  hy- 
drate of  sulphuric  oside,  from  which  the  water  cannot,  he  thus  Separated. 

Water  very  frequently  combines  with  saline  substances  in  a  less  inti- 
mate manner  than  that  above  described,  constituting  "hat.  is  called  v;tiT 
of  crystallisation,  from  its  con  nee  I  ion  will)  I  he  j;eumei  r  ic.nl  figure  of  the  salt. 
In  this  case  it  is  easily  driven  off  by  the  application  of  heat. 

Lastly,  the  solvent  properties  of  water  far  exceed  those  of  any  other 
liquid  known.  Among  salts  a  very  large,  proportion  are  soluble  to  a  greater 
or  less  extent,  the.  solubility  usnaiiy  ioereasittc:  with  the  tempe.ralure,  so 
that  a  hot  saturated  solution  deposits  crystals  on  cooling.  There  are  a 
few  exceptions  to  this  law,  one  of  the  most  remarkable  of  which  is  com- 
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mon  salt,  the  solubility  of  which  is  nearly  the  same  at  all  temperatures: 
the  hydrate  and  certain  organic  salts  of  calcium,  also,  dissolve  more  freely 
m  cold  than  in  hot  water. 
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The  diagram  (fig.  101';  cihieiis  the  unequal  solubility  of  different  suits 
in  n-iilcr  of  different  temperatures.  The  line:  <•)'  soluUUi;/  cut  the  verticals 
raised  from  points  indicating  'In-  temperatures,  upon  the  lower  horizontal 
line,  at  heights  proportioned  to  the  cjimnKitios  of  salt-  dissolved  by  100 
parts  of  water.  The  diagram  shows,  for  example,  thai.  100  parts  of  water 
dissolve,  of  potassium  sulphate  3  pis.  at  0°  C,  17  pis.  at  50°,  and  20  pts. 
at  100°.  There  are  salts  winch,  like  sodium  chloride,  possess,  as  already 
mentioned,  very  nearly  the  same  degree  of  solubility  in  water  at  all  tem- 
peratures;  in  others,  like  potassium  sulphate  nr  potassium  chloride,  the 
solubility  increases  directly  with  the  increment  of  temperature;  in  others, 
again,  like  potassium  nitrate  or  potassium  e-hloraic,  the  solubility  aug- 
ments much  move  rapidly  than  toe.  torn  lie  rat  tire.  The  diagram  exhibit?  the 
differences  in  the  deportment,  of  these  dill'eront  salts  very  conspicuously, 
hy  a  straight  horizontal  line,  by  a.  straight  inclined  line,  and  lastly  by 
curves,  the  convexity  of  which  is  turned  inward  the  lower  horizontal  line. 
In  the  diagram,  the  solubility  of  salt  is  represented  by  the  quantity  of 
anhydrous  salt  dissolved  i.y  101)  parls  of  water.  This  is.  in  fact,  the  com- 
mon mode  of  stating  the  solubility  of  tails.  It  is  obvious,  however,  that 
salts  containing  water  of  hydration  or  water  of  crystallization  cannot, 
within  certain  limits  of  temperature,  dissolve  in  water  in  the  anhydrous 
state,  hut  must  be  dissolved  as  hydrates.  The  solubility  of  a  hydrated  salt 
frequently  differs  very  considerably  (rom  t  hit  of  the  same  stilt  in  the  anhy- 
drous state.  Again,  many  sails  fi.irrn  more  than  one  hydrate;  and  these 
several  hydrates  may  also  differ  in  their  solubility.  Sodium  sulphate 
forms  a  peculiar  hydrate,  con -i  stir,  g,  in  100  parts,  of  53  parts  of  anhy- 
drous salt  and  47  parts  of  water,  which  is  obtained  In  crystals,  when  a 
solution  of  sodium  sulphate,  saturated  at.  100"  C.  i'lVP  V.),  is  considerably 
cooled  out  of  contact  with  the  air:  this  hydrate  is  much  more  soluble  than 
Glauber's  salt,  the  other  hydrate  of  sodium  sulphate,  which  differs  from 
the  former  one  in  its  crystalline  form,  .and  consists,  in  100  parts,  of  44  2 
parts  of  anhydrous  salt  and  55-8  parts  of  water.  When  a  solution  of 
sodium  sulphate  is  saturate!!  ai  the  boiling-point,  of  water,  and  cooled  to 
the  common  temperature  without,  deposititig  any  crystals,  the  salt  exists  in 
the  form  of  the  more,  soluble  hydrate.  This  salt,  when  coming  in  contact 
with  the  dust  of  the  air,  or  with  a  small  crystal  o."  common  Glauber's  salt, 
is  suddenly  transformed  info  the  less  soluble  hydraie,  part  of  which  sepa- 
rates from  the  solution,  in  the  form  of  Glaubers  salt.  From  0°  to  33°  C. 
(32°  to  91°  F.)  sodium  sulphate-  dissolves  as  Glauber's  salt,  the  solubility  of 
which  increases  with  the  temperature  :  heuee  tins  vapid  rise  of  the  curve 
representing  the  solubility  of  the  salt  in  the  diagram.  Above  33°  C, 
{'.)['J  I'.i  the  hydrate  of  sodium  sulphate  is,  even  in  solution,  decomposed, 
being  more  and  more  thoroughly  enlivened  into  the  anhydrous  salt  as  the 
temperature  increases.  Sodium  sulphate  appears,  however,  far  less  solu- 
ble in  the  anhydrous  stale,  and  hetiee  (lie  dimiiiuliun  of  solubility  of  the 
Bait  when  its  solution  is  heated  above  HZ"  C.  (01°  !■'.),  which  is  exhibited  by 
the  diagram. 

Liquid  Diffusion  Dinhisis.  —  When  a  solution  having  a  s p.  gr.  greater 
than  water  is  introduced  into  a  cylindrical  glass  vessel,  and  then  water  very 
cautiously  poured  upon  it,  in  such  a  manner  thai-  the  two  layers  of  liquid 
remain  unmoved,  the  substance  dissol veil  in  the  lower  liquid  will  gradually 
pass  into  the  supernatant-  water,  though  the  vessel  may  have  been  loft  un- 
disturbed, and  the  temperature  remain  unchanged.  This  gradual  passage 
of  a  dissolved  substance  from  its  original  solution  into  [jure  water,  taking 
place  notwithstanding  the  higher  specific  gravity  of  the  substance  which 
opposes  this  passage,  is  ended  i  he  lii'Xuuoii  ■•/  ii'tuids.  The  phenomena  of  this 
diffusion  have  been  lately  investigated  by  air.  Graham,  who  has  arrived  at 
very  important  results.     Different  substances,  when  in.  solution  of  the  same 
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concentration,  ar.d  under  oilier  sim.lar  rirouni.-lamey.  diffuse  with  very 
unequal  velocity.  Hydrochloric  no. J,  for  inula  rice,  diffuses  wnb  greater 
rapidity  tbau  potassium  chloride,  porassium  chloride  more  rapidly  than 
sod  I  u  111  chloride,  mid  the  larler.  again,  morn  quickly  than  magnesium  sul- 
phate;  pi- .'miiii.  allriiuin,  and  caramel  diffusu  very  slowly.  Diffusion  is 
generally  found  to  tarn;  place  inure  rapidly  ul  li!gh  ll:un  ul  low  temperatures. 
Diffusion  is  more  particularly  rapid  ivitli  crystallized  substances,  though 
not  exclusively,  lot-  hydrochloric  acid  arid  areolieS  are  aniong  the  highly 
diffusive  bodies.  Diffusion  is  slow  wit  h  n  on -crystal  line  bodies,  which,  lilie 
gelatin,  are  capable  of  forming  a  jelly,  though  oven  hero  exceptions  are 
met  with.  Mr.  Graham  culls  lite  substaneos  of  gi-cirt  dill'usibility  crystal- 
la*  h,  the  substances  of  low  difftisibility  collimh.  The  unequal  power  of 
dilfusuin  with  which  different  substances;  arc  endowed  frequency  furnishes 
the  means  of  separating  them.  When  water  is  poured  with  caution,  so  as 
to  prevent  mixing,  upon  a  solution  containing  equal  qua  mi  lies  of  potassium 
chloride  and  sodium  chloride,  the  more  diffusible  pota-nliim  chloride  travels 
more  rapidly  upwards  than  the  less  diffusible-  sodium  chloride,  and  very 

eim-ddcriihlo  portions  of  potassium  ohlm-ido  will  have  renewed  tin-  upper 
layers  of  the  water  before  the  sodium  chloride  has  arrived  there  in  ap- 
preciable quantity.  The  separation  of  vapidly  diffusible  crystalloids  and 
slowly  diffusible  colloids  succeeds  still  better. 

A  more  perfect  separation  of  crystalloids  and  colloids  may  be  accom- 
plished in  the  following  tit  an  nor :  Mr.  Graham  has  made  the  important  ob- 
servation, that  certain  membranes,  and  also  parchment  paper,  when  in 
contact,  on  the  one  surface,  with  a  solution  containing  a  mixture  of  crys- 
talloilal  and  eolliilal  .su'isi.anoes,  and.  on  the  oilier  surface,  with  pure 
water,  will  permit  the  pas-afro  !o  the  water  of  the  crystalloids,  but  not  of 
the  colloids.  To  carry  om.  litis  important-  mode,  of  separation,  which  is  des- 
ignated by  the  term  dialysis,  the  lower  mouth  of  a  glass  vessel,  open  on 
both  sides  (fig.  105),  is  tied  over  with  pareh!:;er,t.  paper  placed  upon  an  ap- 
propriate support  (fig.  lOli),  and  transferred,  together  with  the  latter,  into 
a  larger  vessel  filled  with  waler  (fig.  107) ;  or  the  vessel  may  be  suspended, 
as  shown  in  fig.  108.     The  liquid  containing  the  different  substances  in 


Fig.  105. 


solution    is  then  poured  into  Ihe  inner  vessel,  so  as  to  form   a  layer   of 

about  half  an  i:ir.h  in  heijilit  it'teii  Ihe  pareiiiiiont.  paper.      The  cry-ialloYd.-il 
substances  gradually   pass  through  the  parchment   paper  into  the  outer 
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Wilier,  which  rcny  he  renewed  frnrrs  time  fo  time  :  the  colloi'dni  substances 
are  almost  entire Ly  retained  by  too  liquid  i:i  the  inner  vessel.  In  tjiie  iuii- 
ner  Mr.  Graham  lists  prepurtSLl  several  oolluids,  free  from  crystalloids;  lie 
has  shown,  moreover,  that  poisonous  crysialloi'ds,  sueli  as  arsenious  acid 
or  strychnine,  even  when  mixed  with  very  large  proportions  of  colloidal 
substances,  pass  over  into  the  water  of  the  dialyzer  in  such  a  stuie  of 
purily  that  their  presence  may  ]j i;  established  bv  re-agents  with  Ihe  utmu-t 
facility. 

Osmose.  —  When  two  different  liquids  are  separated  by  a  porous  dia- 
phragm, as,  for  instance,  hy  it  membrane,  ami  the  liquids  mix  through  tins 
diaphragm,  it  is  found  that  in  most,  cases  the  quantities  travelling  in  op- 
posite direction  am  unequal.  Suppose  three  cylinders,  lite  lower  mouths 
of  which  nro  tied  over  with  bladders,  filled  respectively  with  concentrated 
solutions  of  copper  sulphate,  sodium  chloride,  iind  dcoliol,  and  let  them  be 
immersed  in  vessels  containing  water  to  such  a  depth  that  the  liquids  inside 
and  outside  are  level  (fig.  109).  After  some  time  the  liquid  within  the 
tube  is  found  to  have  risen  appreciably  above  the  level  of  the  water 
(fig.  110].    On  the  other  hand,  if  the  cylinder  filled  w    " 


mersed  in  a  solution  of 

oohol,  the  liquid  in  the  cylinder  is  scon  to  diminish  after  : 

A  larger  quantity  of  wnter  pusses  through  the  bladder  i 
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co  pper  sulphate,  of  sodium  chloride,  or  into  iilcoi.ol,  than  the  amount  of 
either  of  these  three  liquids  which  passes  through  the  bladder  into  ihc 
water.  The  mixing  of  dissimilar  subslatiees  i h; un trh  a  porous  diaphragm 
is  called  osmose.  The  passage  in  larger  proportion  of  one  liquid  into  "an. 
other  is  designated  by  the  term  exosmoae. 

These  phenomena  are  due  to  the  altruction  which  the  two  liquids  have 
for  each  other,  and  to  the  difference  of  the  attraction  exercised  by  the 
diaphragm  upon  these  liquids,  Bladder  takes  up  a  much  larger  quantity 
of  water  than  of  a  solution  of  salt  or  of  alcohol.  Very  rarely  only  one  of 
the  liquids  traverses  the  diaphragm;  generally  two  currents  of  unequal 
strength  move  in  opposite  d'irections.  "  When  water  is  separated  by  an 
animal  membrane  from  a  solution  of  salt  or  from  alcohol,  not  only  is  a 
transition  of  water  to  these  liquids  observed,  hut  a  small  quantity  of 
hydrochloric  acid  and  of  alcohol  also  passes  over  into  the  water.  In  some 
cases,  however,  when  colloid  ill  substances,  in  concentrated  solutions  are  on 
one  side  of  the  diaphragm  and  water  on  th"  other,  I  he  latter  alone  traverses 
the  diaphragm,  not  a  truce  of  the  former  passing  through  to  the  water. 

Water  likewise  dissolves  gases.  Solution  of  gases  in  water  (or  m  other 
liquids)  is  called  al.wn>H'-n.  unless  this  solution  gives  rise  to  the  formation 
of  chemical  compounds  in  doumic  proportions.      The  p 
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tion  have  boon 
losopher  that  v> 
subject. 

Water  dissolves  very  unetpial  quantities  of  the  different  gases  and  very 
uuciput!  quantities  of  the  same  gas  nt  different  temperatures.  1  vol.  of 
water  absorbs,  at  tins  temperatures  staled  in  1  Sir.  table,  mid  under  the  pres- 
sure of  3D  indies  of  mercury,  the  following  \uli»ni>s  of  d life v cut  gases, 
measured  at  0°  (.!.  and  '■'•!)  inches  pressure: 

Oxrgsn.  nitrogen.  Hydrogen,  ji"ii'\i"'-  m'oxid". 

1°  C.     .  .     0-041  0-020  0.019            1-81  1.80 

10°         .  .     0033  0-018  0019            0-92  1-18 

20°         .  .     0-028  0-014  0-019            0-G7  0-90 


40°  .  .       1-37  1-8S  15-6  387  444 

When  the  pressure  increases,  a  larger  quantity  of  Hie  gases  is  absorbed. 
Gases  moderately  soluble  in  water  fellow  in  their  solubility  the  law  of 
Henry  and  Daltoii,  according  to  which  the  quantity  of  gas  dissolved  is  pro- 
portional to  tho  pressure.  At  10°  C.  1  vol.  of  water  absorbs  under  a  pres- 
sure of  1  atmosphere  1-18  vol.  uf  carbon  dioxide,  treasured  at  0°  and  under 
a  pressure  of  30  inches  mercury.  The  quantity  of  oarbon  dioxide  dissolved 
under  a  pressure  of  '2  atmosphere*,  ami  .measured  tinder  conditions  pre- 
cisely similar  to  those  of  I  he  previous  oxpoviments,  equals  2-36  vol.  Again, 
i  vol.  of  water  dissolves  under  a  pressure  of  J  atmosphere,  0.09  vol.  of 
carbon  dioxide  also  measured  at  i)"  and  under  ",ii  inches  of  mercury.  Gases 
which  are  exceedingly  so'tsblo  in  water  do  not  obey  this  law,  except  at 
higher  temperatures,  when  Lhc  soliihility  has  been  already  considerably 
diminished. 

It  deserves,  however,  to  be  noticed,  that,  the  pressure  which  determines 
the  rate  of  absorption  of  a  gas  is  by  no  means  the  general  pressui-e  to 
which  (he  absorbing  liquid  is  exposed.  Inn  (hat.  pressure  which  the  gas 
under  consideration  would  exert  if  it.  were  alone  pri.-s.eni.  in  the  space  with 
which  the  absorbing  liquid  is  in  contact.  Thus,  supposing  waler  to  he  in 
contact  with  :■„  mixture  of  1  vol.  of  carbon  dioxide  ami  ;j  vol.  of  nitrogen, 
under  a  pressure  of  4  atmospheres,  the  amount,  of  carbon  dioxide  dissolved 
by  the  water  will  be  by  no  means  equal  to  that  which  the  water  would  have 
absorbed  if  it  hud  been  at  the  same  pressure  of  ■)  atmospheres  in  contact. 
with  pure  carbon  dioxide.  In  a  mixture  of  curium  dioxide  anil  nitrogen 
in  the  stated  nronuri  ion?,  tho  carbon  diuvide  exercises  only  !.  the  nitrogen. 
only  J,  of  the  total  pressure  of  the  gaseous  mixture  i'4.  atmospheres);  the 
pr.rtial  pressure  due  in  the  carbon  dioxide,  is  in  this  case  1  aim  (■sphere,  that, 
due  to  the.  nitrogen  :■!  atmospheres;  and  wilier,  1  hetigh  ex  nosed  t  o  a  press  tire 
of  4  atmospheres,  f.'oitmt,  nudes-  these  otrotunsia.iioes.  absorb  more  carbon 
dioxide  than  it  would  if  it  were  in  contact  with  pure  carbon  dioxide  under 
a  pressure  of  1  aimnsphere. 

It  is  necessary  to  bear  this  in  mind  in  order  to  understand  why  the  air 
which  is  absorbed  by  waler  out  of  the  atmosphere  differs  in  composition 
from  atmospheric  air.  Tho  hitler-  con  si  sis  very  nearly  of  -1  vol.  of  oxygen 
and  79  vol.  of  nitrogen  In  atmospheric  air  which  acts  under  a  pressure  of 
1  atmosphere,  tho  oxygen   exerts  a  partial  pressure,  of -j'-^,  tbo  nitrogen  a 
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supposing  these  gases  to  acl  hi  the  pure  slaw  under  a  pressure  of  1 
sphere.  But.  under  the  partial  pressures  jus:  indicated,  water  of  10°  0. 
cannot  absorb  mo™  than  yU,  x  iH.i:M  —  0-007  of  oxygon,  and  T',9?  >-  0016 
=  0-013  vol.  of  nitrogen.  In  0-007  +  0-018  _-^n-0J0  vol.  of  gaseous  mixluro 
absorbed  by  water  (hero  are  consequently  0i.i07  vol.  of  oxygen,  and  (JOT fl 
Vol.  of  nitrogen,  or  in  20  vol.  of  this  mixture,  1  vol.  of  oxygen  and  13  vol. 
of  nitrogen,  or  in  100  vol.  of  the  gaseous  mixture,  ."/i  vol.  of  oxygen  and 
69  vol.  of  nitrogen.  The  air  contained  at.  the  common  temperature  in 
water  is  thus  seen  to  be  very  much  i-ichi;r  in   oxygen   than  ordinary  atmo- 

Water  containing  a  gas  in  solution,  when  exposed  in  a  vacuum  or  in  a 
space  filled  with  another  gas,  allows  the  gas  absorbed  to  escape  until  the 
quantity  retained  corresponds  with  I  lie  share  of  the  pressure  belonging  to 
the  gas  evolved.  If  the  latter  be  constantly  removed  by  a  powerful  ab- 
sorbent or  by  a  good  air-pump,  it  is  in  most  eases  easy  to  separate  every 
trace  of  gas  from  the  water.  The  same  rcsuli  is  obtained  when  water  con- 
taining a  gas  in  solution  is  exposed  in  a  space  of  comparatively  infinite 
size  filled  with  another  gas.  Water  in  which  nitrogen  monoxide  is  dis- 
solved loses  the  latter  entirely  by  mere  exposure  to  the  atmosphere,  and 
the  gas  evolved  cannot,  at  any  moment.,  exert  more  than  an  infinitely  small 
share  of  the  pressure.  If  water  lie  freed  from  gases  by  ebullition,  the 
Separation  depend;  partly  upon  the  diuii.Mitioe  of  'he.  solubility  by  the  in- 
crease of  temperature,  partly  also  upon  the  formation  above  the  surface 
of  the  liquid  of  a  constantly  renewed  atmosphere  into  which  the  gas  still 
retained  by  the  liquid  may  escape. 

Some  gases  which  ate  absorbed  in  bi  rge  quantities,  and  very  quickly  by 
water,  —  hydrochloric  acid,  for  instance, —cannot  be  perfectly  expelled 
either  by  the  protracted  action  of  another  gas  [exposure  to  the  atmosphere) 
or  by  ebullition;  in  such  cases  the  liquid  si  i'.l  cba  rgod  with  gas  evaporates 
as  a  whole  when  it.  has  assumed  a  certain  composition.  This  composition 
varies,  however,  if  the  liquid  be  .submitted  to  a  current  of  air,  with  the 
tomperatuve;  and  if  it  be  boiled,  with  the  pressure  under  which  ebullition 
takes  place. 

Liquids  also  lose  the  gas  they  contain  in.  solution  by  freezing:  hence  the 
air-bubbles  in  ice,  which  consist,  of  the  air  which  had  been  absorbed  from 
the  atmosphere  by  the  water.  Gas  is  retained  by  liquids  at  the  freezing 
temperature  only  when  it  forms  a.  chemical  en  mi;-:  nation  in  definite  propor- 
tion with  the  liquid.  Water  ctuitainiug  chlorine  1 1 1-  sulphurous  acid  in  so- 
lution freezes  without  evolution  of  gas,  with  formation  of  solid  hydrates  of 
chlorine  or  sulphurous  acid. 

Pure  water  generally  dissolves  gases  mare  copiously  than  wafer  contain- 
ing solid  bodies  in  solution  [salt,  water,  for  instance).  If  in  some  few  cases 
exceptions  are  observed  to  take  piaee.  they  appear  to  depend  upon  the  for- 
mation of  feeble  but  true  chemical  compounds  in  definite  proportion;  the 
fact  that  carbon  dioxide  is  more  copiously  absorbed  by  water  containing 
sodium  phosphate  in  solution  than  by  pure  water  may  perhaps  be  explained 

When  water  is  heated  in  a  sirong  vessel  to  a  temperature  above  that  of 
the  ordinary  boiling-point,  its  solvent  powers  are.  still  further  increased. 
Dr.  Turner  inclosed  in  the  upper  part  of  a  high-pressure  sleaui-boilcr, 
worked  at  140°  C.  (300a  E.i,  pieces  of  [date  ami  crown  glass.  At  the  ex- 
piration of  four  months  the  glass  was  found  completely  corroded  by  the 
action  of  the  water:  what,  remained  was  a  white  mass  of  silica,  destitute 
of  alkali,  while  stalactites  of  siliceous  matter,  above  an  inch  in  length, 
depended  from  the  Utile  wire  case  which  enclosed  the  glass,     This  expert- 
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metlt  tends  to  illustrate  the  changes  wliic'i  may  lis  p  roil  'iced  by  the  action 
Of  water  at  ft  high,  temperature  in  the  interior  of  (ho  earth  upon  fulapathic 
and  other  rocks.     The  phenomenon  is  manifest  in  the  Geyser  springs  of 

Iceland,  which  deposit-  siliceous  sinter.* 

Htdkogen  Diuxitn:,f  sometimes  called  oxyunuiii-dn-nJt.r,  is  an  exceedingly 
interesting  substance.  Licit  very  d:!liou!t  of  preparation.  It  is  formed  by  dis- 
solving barium  dioxisle  in  dilc'e  l:v-.ti-;j(;-ii !i>vic  ari.l  care fully  cooled  by  ice, 
and  then  precipitating  rlie  barium  by  sulphuric  acid  ;  tin;  excess  of  oxygen 
of  the  dioxide,  instead  of  being  disengaged  as  gas,  unites  with  a  portion 
of  the  water,  and  converts  it  into  hydrogen  dioxide.  This  treatment  is 
repeated  with  the  same  solution  and  fresh  portions  of  the  barium  dioxide, 
until  a  considerable  quantity  of  the  latter  lias  been  consumed,  and  a  cor- 
responding amount  of  hydrogen  dioxide  formed.  The  liquid  yet  contains 
hydrochloric  acid,  to  get  rid  of  which  it  Is  [rented  in  succession  with  silver 
sulphate  and  baryta- water.  The  whole  process  1-oo.nircs  the  utmost  care 
and  attention.  The  barium  dioxide  itself  is  prepared  by  exposing  pure 
baryta,  contained  in  a  red-hot  porcelain  tube,  to  a,  SI  mam  of  oxygen.  The 
soir.r'on  of  hydrogen  dioxide  may  lie  concentrated  under  the.  air-pump 
receiver  until  it  acquires  tlie  speei'-.c  gravity  of  1  ■■) 5.  In  litis  state  it  pre- 
sents the  aspect  of  a  colorless,  transparent,  inodorous  liquid,  possessing 
remarkable  bleaching  powers.  It  is  very  prone  to  decomposition;  the  least 
elevation  of  temperature  causes  effervescence,  due  to  the  escape  of  oxygen 
gas;  near  100"  it  is  decomposed  with  explosive  violence.  Hydrogen  dioxide 
contains  exactly  twice  as  much  oxygen  as  water,  or  1G  parts  to  1  part  of 
hydrogen. 

A  trioxute  of  hydrii.'im  is  said  to  exH,  although  it.  has  never  been  obtained 
in  the  pure  state.  It-  is  likewise  a  powerful  oxidizing  agent,  and  altogether 
similar  in  its  properties  to  the  dioxide.  According  to  llie  researches  of 
Dr.  Baumert,  minute  quantities  of  Ibis  substance  are  formed  in  the  decom- 
position of  water  by  electricity,  and  impart  the  odor  by  which  the  prod- 
ucts of  this  process  are  characterized  :  but .  according  to  the  experiments 
of  Andrews  and  others,  alrertdy  referred  to  ;'p.  IsbVj,  lite  supposed  trioside 
really  consists  of  active  oxygen  or  o.'.dic,  with  a  small  quantity  of  hydrogen 
dioxide. 


NITBOGEH. 

Nitrogen  %  constitutes  about,  four-til't  It-  of  the  aimnspberc,  and  enters  into 
i  great  variety  of  combinations,  tt  may  be  prepared  by  several  methods. 
One  of  the  simplest  of  these  is  to  burn  out  the  oxygen  from  a  confined  por- 
tion of  air  by  phosphorus,  or  by  a  jet  of  hydrogen. 

A  small  porcelain  capsule  is  flouted  on  I  lie  water  of  the  pneumatic  trough, 
and  a  piece  of  phosphorus  is  placed  in  it  and  set  on  fire.  A  bell-jar  is 
then   inverted   over   the  whole,   and   suffered,   to  rest  on  the  shelf  of  the 
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s  to  project  n  little  over  it?  edge.  At.  first  the  bent  causes 
the  air  of  the  jar,  and  a  few  bubbles  are  expelled,  after 
which  the  level  of  the  ■•■ato:-  t  :sos  caiisidora.hly,  When 
the  phosphorus  becomes  extinguished  by  exhaustion 
of  the  oxygen,  and  time  lias  been  given  for  the  sub- 
s Id once  oi'  i  In.'  cloud  of  finely  divided  snow-like  phos- 
phoric oxide  which  (fiats  in  ihe  residual  gas,  the 
nitrogen  may  be  transferred  into  another  vessel,  and 
its  properties  examined. 

Prepared  by  the  foregoing  process,  nitrogen  is  con- 
(utoioalett  with  »  liltle  vapor  of  phosphorus,  which 
eammiiTiicalos  i's  peculiar  O'lor.  A  preferable  method 
is  to  fill  a  porcelain  tube  with  turnings  of  copper,  or, 
still  better,  will)  the  spoil  fry  metal  obtained  by  redu- 
cing the  oxide  with  hydrogen  ;  to  heat  this  tube  to  red- 
n ess,  and  thou  pass  through  il  a  slow  stream  of  at- 
mospheric idr,  the  fi\y»fii  of  which  is  entirely  removed 
during  its  progress  by  the  heated  copper. 
=...  .3  passed  into  solution  of  mum  on  hi,  the  bitter  substance, 
which  is  it  eonipound  of  nitrogen  with  hydrogen,  is  decomposed  ;  the  chlorine 
combines  with  the  hydro 0:1111,  and  the  nitrogen  is  set  free  with  effervescence. 
In  this  manner  very  pure  nitrogen  can  be  obtained.  In  making  this  ex- 
port ol  out.  it.  is  necessary  to  stop  short  of  Mil  oral  it:;:  or  decomposing  (lie 
whole  of  I  he  itouiionbi  ;  otherwise  tbcre  will  be  greet,  risk  of  accident  from 
the  formation  of  an  exceedingly  dangerous  explosive  compound,  produced 
by  the  contact  of  chlorine  wiili  an  ammoniaoiil  salt. 

Another  very  easy  and  perfectly  safe  method  of  obtaining  pure  nitrogen 
is  to  decompose  a  so'uit.ion  of  potassium  nitrite  will:  ammonium  chloride 
(sal-ammoniae).  The  potassium  nitrite  is  prepared  by  passing  the  red 
vapors  of  nitrous  acid  obtained  by  heating  di'.uio  nitric  acid  with  starch 
into  a  solution  of  oaustio  potash.  On  boiling  the  resulting  solution  with 
sal-ammoniac,  nitrogen  gas  is  evolved,  while  potassium  chloride  remains 

Nitrogen  is  destitute  of  color,  taste,  and  odor;  it  is  a  little  lighter  than 

air,  its  density  being,  according  to  Dumas,  O07"J.  _A  litre  of  the  gas  at  li'1 
C,  and  7IJ0  111111.  barometric  pressure  weighs  I-'Jt"Go8  gr:tm.  Kid  cubic-  inches, 
at  60°  F.  and  30  inches  barometer,  weigli  80-14  grains.  Nitrogen  is  in- 
capable of  sustaining  combust  ton  or  an  in  oil  exist  0  roe,  :il  1I1  on  gh,  like  hydro- 
gen, it  has  no  positive  poisonous  properties;  neither  is  it  soluble  to  any 
notable  extent  in  water  or  in  caustic  aika'.i ;  it  is,  in  fact,  best  character- 
ized 1.1  y  negative  properties. 

The  exact  composition  of  the  atmosphere  lias  reneasedly  been  made  the 
subject  of  experimental  research.  Kesides  nitrogen  and  oxygen,  the  air 
Contains  a  little  carbon  dioxide  (carbonic  acid),  a  very  variable  proportion 
of  aqueous  vapor,  a  trace  of  ammonia,  and,  perhaps,  0.  little  carburetted 
hydrogen.  The  oxygen  and  nitrogen  aro  if.  a  -0.1'  e  of  mixture,  not  of  com- 
bination, yet  iheir  ratio  is  always  uniform.  Air  has  been  brought  from 
lofty  Alpine  heights,  and  compared  with  that  from  Ihe  plains  of  Egypt; 
it  has  been  brought,  from  an  elevation  of  vJl.t.Hld  font,  by  the  aid  of  the  bal- 
loon; it  has  been  collected  and  examined  in  London  and  Paris,  and  many 
other  places;  still  the  proportion  of  oxygen  and  nitrogen  remains  unaltered, 
the  diffusive  energy  of  the  gases  being  adequate  to  maintain  this  perfect 
uniformity  of  mixture.      The  carbon  dioxide,  on   Ihe  et.'ii'.rary.  being  much 
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proportions  of  o\\e/i-n  aii.j  nitrogen  are   given  on  til 

and  the  carbon  dioxide  on  that,  of  Do  Sattssure:    the  ammonia,  the  discovery 
of  which  in  atmospheric  air  is  duo  to  Liebig,  is 
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Carbon  dioxide,  from  37 

of  air. 
Aqueous  vapor  variable,  ■  J ■. ■  | : ■  ■  i L ■  1  i i : ^  much  upon  the  temperature. 
.Ammonia,  a  trace. 

Dr.  Frankland  lias  analysed  samples  of  air  lakou  by  himself  iu  the  valley 
of  Chamouni,  on  the  summit  of  Mont  Blanc,  and  at  the  Grands  Mulcts. 
The  following  arc  tho  results  of  bis  analyses: 


Chamouni  ROOO  feet)  .  .    0- 

0 rands  Mulcts  .'1.1.000  feet)    .  0' 

Mont  Blanc  (15,732  feet) 


.     0-061  20-96S 

A  litre  of  pure  and  dry  air  at  0°  C.  and  760  mm.  pressure  weighs  1-2 
grams.  100  cubic  inches  at  60"  1'.  and  :.i(j  indies  barom.  weigh  3C 
grain.;:  honoo  a  cubic  foot,  weighs,  oliii-'ib  gvi.itis,  wi.ieh  is  j|s  of  the  wi 
of  it  cubic  foot-  of  water  ai  the  same  temperature. 

The  analysis  of  air  is  very  well  effected   by  passing  it  ever  finely  div 
copper  contained  in  a  tube  of  hard  i'ias-i,  carefully  weighed  and  then  he 
torodness:   the  nitrogen  is   stitl'ercd    lo    How  into  an   ex- 
hausted  glass  globe,    also    previously   weighed.      The  in-  Fig.US. 
crease  of  weight  after  the  experiment  gives  the  informa- 
tion sought. 

An  easier,  but  less  accurate  method  consists  in  intro- 
ducing into  n  graduated  tube,  standing  over  water,  a 
known  tjuautUy  of  the  air  to  be  examined,  and  then 
passing  into  ibe  latter  a  stick  of  phosphorus  affixed  to 
the  end  of  a  wire.  The  whole  is  left  about  twenty-four 
boors,  during  which  the  ovygen  is  slowly  but  completely 
absorbed,  after  which  the  pLusphoi-.ts  is  withdrawn,  and 
the  residual  gas  read  off. 

Lifh::g  has  proposed  to  use  an  alkaline  solution  of  py- 
rogallic  aei.l  (a  substance  which  will  be  described  in  the 
department  of  organic  chomisleyj  fur  the  absorption  (it 
oxygon.  The  absorptive  power  of  such  a  solution,  which 
funs  deep  black  en  corning  in  oontsei  -with  the  oxygen,  is 
very  considerable.  Licb'g's  method  combines  great  ac- 
curacy with  unusual  rapidity  :snd  facility  of  execution. 

Another  plan  is'  to  mix  the  air  with  hydronen  ami  pass  an  electric  spark 
through  the  mixture:  after  e\plosion  the  volume  of  gas  is  read  off  and 
compared  with  that  of  the  air  employed.  Since  the  analysis  of  gaseous 
bodies  by  explosion  is  an  oper-ai  ii;:t  uf  grea.l  importance  in  practical  chem- 
istry, it  may  he  worth  while  describing  ihe  process  ::t  detail,  as  it  is  appli- 
cable, with  certain  obvious  variations,  i.o  a  nuniher  of  analogous  cases. 
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t  form  of  apparatus  for  'lie  purpose,  when  great  accuracy 
d,  is  tie  syphon  eudiometer  of  1)v.  Tiro:  this  cuiiHiwts  of  a 
stout  glass  lube,  having  an  internal,  diameter  of  about 
one  third  of  an  inch,  closed  at  one  cud,  and  bent,  into 
the  form  represented  in  fig.  114.  Two  pieces  of 
platinum  wive,  melted  into  t.hc  glass  imar  tlie  closed 
extremity,  serve  to  giro  passage  to  Die  spark.  The 
closed  limb  is  carefully  graduated.  When  required 
for  use,  the  instrument  is  filled  with  mercury,  and 
inverted  in  a  vessel  id'  the  same  liquid.  A  quantity 
of  the  air  to  be  examined  is  then  introduced,  the 
manipulation  being  precisely  the  same  as  with  expe- 
riments over  water;  Hie  open  end  is  stopped  with 
the  thumb,  and  the  air  Iraiisfcrretl  lo  the  closed  ox- 
]      !|  tremity.      The  instrument  is  next  held  upright,  and 

.i  after  the  level  of  the  mercury  has  been  made   equal 

■        \3  on  both  sides  by  displacing  a  portion  from  the  open 

limb  by  thrusting  doivu  a  piece  uf  stick,  the  volume 
of  air  is  read  off.  This  done,  the  open  part,  of  the 
tube  is  again  filled  up  with  mercury,  closed  with  the 
finger,  inverted  into  the  liquid  metal,  and  a  quantity 
of  pure  hydrogen  iril  rod  need,  equal,  as  nearly  asean 
be  guessed,  to  about,  half  the  volume  of  the  air.  The  eudiometer  is  once 
more  brought  into  the  erect  position,  the  level  of  the  mercury  equalised, 
and  the  volume  again  read  oil;  I  lie  quantity  of  hydrogen  added  is  thus 
accurately  ascertained.  All  is  now  ready  for  ibe  explosion  ;  the  instrument 
is  held  in  the  way  represented,  tin;  open  end  being  firmly  closed  by  the 
thumb,  while  the  knuckle  of  the  fore-finger  touches  the  nearer  platinum 
wire;  the  spark  is  then  passed  by  the  aid  of  a  charged  jar  or  a  good  elec- 
trophorus,  and  the  explosion  ensues.  The.  air  confined  by  the  thumb  in 
the  open  part  of  the  tube  acts  as  a  spring  ami  meliorates  the  explosive 
effect.  Nothing  now  remains  but  lo  equalize  Hie  level  of  the  mercury  by 
pouring  a  little  more  into  the  instrument,  and  then  ta  read  off  the  volume 
for  the  last.  time. 

What  is  required  to  be  kuonn  from  this  experiment  is  iln;  tHit/im/li'mi  llio 
mixture  suffers  by  explosion  :  for  since  'lie  hydrogen  is  in  excess,  and  since 
that  body  unites  with  oxygen  in  tin;  proportion  by  measure  of  two  to  one, 
one-third  part  of  t.bal  iliminni  ion  must  he  due  to  the  oxygen  contained  in 
the  air  introduced.  As  the  amount  of  Hie  hitler  is  known,  the  proportion 
of  oxygen  it  contains  thus  admits  of  determination.  The  case  supposed 
will  render  this  clear. 


Air  introduced 


100 


-  =  21 ;   oxygen  in  the 


mked  m 


The  syphon  eudiometer  in  the  simple  form  above  described  is  not  well 
adapted  for  accurate  analysis,  especially  when,  as  in  the  analysis  of  many 
gaseous  mi  it  lives,  can-ale  pola.-di  and  oilier  reageuls  have  to  be  in;  rod  need 
into  the  closed  limb,  to  absorb  some  of  the  components  of  the  mixture,  or 
of  the  products  resulting  free:,  (he  explosion;  inn.  it  forms  the  essential 
part  of  the  more  exact   and  complex  forms  of  eudiometer  devised  by  ~R6g- 
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e  sixth  of  the  tube,  is  then  ii 
Fig.  115. 


nault,  and  by  Fniiikliiinl  and  VVuni.  ill  v-hirh  provision  is  made  for  accu- 
rately adjusting  the  level  of  tin;  mercury,  and  for  quickly  transferring  the 
gas  to  another  tube  in  whidi  it  inny  bo  stibjec-r cd  to  i.iio  action  of  absorbing 
agents,  aixd  then  returnm;;  it  id  llu:  syphon  tube  for  measurement.* 

The  simplest,  and,  ou  ilie  wiiole.  [.in.1  most,  ronvonirnt  form  of  eudiometer 
consists  of  a  straighl  gradunied  gliiss  tube  iSijr.  ]  1f>)  closed  at  the  ton,  and 
having  platinum  wires  inscricd  near  iiie  eloped  end.  This  tube  is  filled 
with  mercury,  and  inverted  in  a  lnornn-itvl  pneumatic  trough. 

A  quantity  of  air,  suflieienl  to  :iil  about  oi 
trodueed,  and  its  volume  accurately  as- 
certained by  reading  off  with  a  teloscope 
the  number  of  divisions  on  the  tube  to 
which  the  mercury  reaches,  whilst  the 
height  of  the  column  of  mercury  in  the 
tube    above    the    trough,    together  with 
that  of  the  barometer,  and  the  tempera- 
ture of  the  air,  arc   also  read  off.     A 
quantity  of  pure  hydrogen   gus  is  now 
added,  more  than  sufficient  to  unite  with 
all  the  oxygen  present;  and  the  volume 
of  the  gas  and  tie  pressure  exerted  upon 
it,  are  then  determined  as  before.     An 
electric   spark    is    now    passed    through   . 
the  mixture,  eare  being  taken  to  prevent  l 
any  escape,  by  pressing  the  open  end  of     I 
the  eudiometer  against  a  piece  of  sheet    \ 
caoutchouc    under    the    mercury  in  the 
trough.    After  the  explosioix,  the  volume 
is   again    determined   as   before,   and  is 
found  to  be  less  than  that  before  the  ex- 
plosion. 

One  third  of  the   diiriiiiiitif.n  j:h'es.  "^  alreaily  evpiained,  the  volum 
oxygen  contained  in  tin:  air  taken  for  analysis. 


and  constituted :  - 


Compounds  of  Nitrogen  am>  Owim. 
iis'.iucL  compounds  of  nitrogen  and  oxygen,  thus  nami 


Nitrogen  monoxide  f        ....  28  .  16  2.1 

Nitrogen  dioxide 28  .  32  2.2 

Nitrogen  trioxide,  or  Nitrous  oxide  .  28  .  48  2.3 

Nitrogen  tetroxide 28  .  64  2.4 

Nitrogen  pentoxide,  or  Nitric  oxide  .  .  28  .  80  2.6 

A  comparison  of  these  numbers  will  show  that  the  quantities  of  oxygen 
which  unite  with  a  given  quantity  of  nitrogen  are  to  one  another  in  the 
ratio  of  the  numbers  1,  2,  8,  t,  5. 

*  See  the  article  "  Analysis  of  Gun,"  by  Dr.  Rnweu,  in  Vratts's  " Dictionary  of  Chemistry," 
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The  third  and  fifth  of  (he  compounds  in  (ho  talile  are  ciipahlr  of  f.r.k-iii^ 
up  the  element!!  of  water  and  of  metiillie  <ixitles  to  form  salts*  (p.  133),  called 
respectively  nitrites  and  nitrate,  the  hydrogen  salts*  being  also  called  m'frous 
and  niiric  aeiVt*  The  other  three  nitrogen  oxide;*  do  no,  form  salts.  It  will 
bo  convenient  to  commence  the  description  of  these  compounds  with  the 
last  on  the  list,  viz.,  the  pemfiside.  sis  iis  ssills,  t.hc  nitrates,  arc  the  sources 
from  which  all  the  other  compounds*  in  Lhe  series  are  obtained. 

Nitrogen  pEN'Tcmor.  or  Xiigh:  Oxmt  ['also  called  Anh/drins  Xi'rk  Acid 
or  JViYrw  Anhj/drick).  —  This  compound  '.van  discovered  in  1849  by  Deville, 
who  obtained  ii  by  exposing  silver  nitrate,  which  may  be  regarded  as  a 
compound  of  nitrogen  pcn[.i>\ido  with  silver  ns:;L  oxygon,  to  the  action  of 
chlorine  gas.  Chlorine  and  silver  then  combine,  forming  silver  chloride, 
which  remains  in  the  apparatus,  while  oiygen  and  nitrogen  pentoxide 
separate, f  The  hitter  is  a  colorless  substance,  crystallising  in  sis-sided 
prisms,  which  melt  at.  ol")c  and  boil  between  WiD  and  -lip,  when  they  begin 
to  decompose.  Nitrogen  pontoxido  sometimes  explodes  spontaneously.  It 
dissolves  in  water  wil.li  great  idee  of  icinpcvaiure,  forming  hydrogen  nitrate 

Nitkates  —  Nitbic  Aero. —  In  certain  parts  of  India,   and  in  other  hot 


apparent  on  newly  plastered 
t  water,  and  crystallised  from 
.inportaiit.  salt  kno 


walls:  this  substance  collected,  dissolved  in 
the  filtered  solution,  furnishes  (lie  highly  in  , 

as  nitre  or  saltpetre,  and  consisting  of  potassium  nitrate.  To  obtain  nunc 
acid,  equal  weights  of  powdered  uiire  and  strong  sulphuric  acid  are  in- 
troduced into  a  glass  re  I  oil,  and  hear  in  applied  by  moans  of  an  Argand  gas* 
lamp  or  charcoal  chauffer,  (sec  fie.  i\H),  A  flask,  cooled  by  a  wet  cloth,  is 
adapted  to  the  retort  to  serve  for  a  receiver.  No  luting  of  any  kind  must 
be  used. 

As  the  distillation  advances,  the  red  fumes  which  first  arise  disappear, 
hut  towards  the  end  of  tile  process  they  again  become  manifest.  When 
this  happens,  and  very  little  liquid  passes  over,  while  the  greater  part  of 
the  saline  matter  of  the  retort  is  in  a  state  of  tranquil  fusion,  the  opera- 
tion may  be  stopped ;  and  when  the  retort  is  quite  cold,  water  may  be 
introduced  to  dissolve  out  the  saline  residue.  The  reaction  consists  in  an 
interchange  between  the  potassium  of  the  nitre  and  half  the  hydrogen  of 
the  sulphuric  acid  (hydrogen  sidphsi.e';.  whereby  there  sire  formed  hydro- 
gen  nitrate  which   distils    over,   and   hydrogen   and    potassium    sulphate 

In  the  manufacture  of  nitric  aeid  on  the  large  scale,  the  glass  retort  is 
a  cylinder,  and  the  receiver  by  a  series  of  earthen 
mected  by  lubes.      Sodium  nitrate,  found  native  in 
Peru,  is  now  generally  substitute!  for  potassium  nitrate. 

Nitric  acid  thus  obtained  has  a  specific  gravity  of  from  15  to  1-52;  it 
has  a  golden-yellow  color,  due  to  nitrogen  trioxide,  or  tetroxide,  which 
is  held  in  solution,  and,  when  the  acid  is  diluted  wit  h  water,  gives  rise  by 
its  decomposition  to  a  disengagement  of  nitric  oxide.     Nitric  acid  is  ex> 

*  Hydrogen  nitrate,  or  Nlt.rmis  nciti    ....        K,J\f>lt,,:T  *OU,. 

P*  a  :is-  i  ntn  nitrate NJi.J'Iv.  .:•■  >  uh» 

My,    ;.-■>'-;■   -  Nitric  ;,cM  -        .        »£■;"■     .^'Jl 
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ceedingly  corrosive,  staining  the  *l:i"  "leep  yellow,  and  causing  total  dis- 
organization, rouse.  I  upon  red  iii>t  powdere  1  elm  re  on;,  it.  causes  brilliant 
Combustion;  and  when  added  to  warm  oil  of  turpentine,  aula  upon  that 
substance  so  energetically  as  to  set  it  on  fire. 

Pure  nitric  acid,  in  its  luosi  concentrated  form,  is  obtained  by  mixing 
the  above  with  about  an  coital  quantity  of  strong  sulphuric  acid,  redistil- 
ling, collecting  apart  the  lUst  port.ii.in  which  comes  over,  and  exposing  it 
in  a  vessel  slightly  vyarruo;!  and  sheltered  IVoni  the  light.,  to  a  current  of 
dry  air  made  to  bubble  through  it,  wuioh  oompletoly  removes  the  nitrous 
actd.  In  this  state  the  product,  is  as  colorless  its  water:  it  has  the  sp.  gr. 
1-517  at  lo-5°  (GO0  F.),  toils  at  8i-!>°  (181"  I'M,  and  consists  of  54  parts 
nitrogen  pentoxide  and  'j  parts  water.  Although  nitric  acid  in  a  more 
dilute  form  acts  very  violently  upon  many  metals,  and  upon  organic  sub- 
stances generally,  this  is  not  tlio  case  wilh  i  lie  most,  concentrated  acid: 
even  at  a  boiling  beat,  it.  refuses  to  attack  iron  or  tin;  and  its  mode  of 
action  on  lignin,  starch,  ami  similar  substances  is  quite  peculiar  and  very 
much  less  erim-get.ie  than  ilisit.  of  an  ani.l  containing  more  water. 

On  boiling  nitric  acid  of  diffoi-ent  degrees  of  concent ration,  at  the  ordi- 
nary atmosphoric  pressure,  a  residue  is  '.eft,  boiling  at  i'.'0-f)°  and  29  inches 
barometer,  and  having  the  sp.  gr.  1-414  at  15-5°.  This  acid  was  formerly 
supposed  to  be  a  deli  nit  e  coinpuitud  of  nitric  acid  with  water;  but  lloscoe 
has  recently  proved  this  assumption  t.o  be  incorrect,  (he  composition  of  the 
acid  varying  according  to  the  pressure  under  wiiic-h  the  liquid  boils. 

The  nitrates  form  it  very  extensive,  uml  important  group  of  salts,  which 
are  remarkable  for  being  all  soluble  in  v.at.cr.  Hydrogen  nitrate  is  of 
great  use  in  the  laboratory,  ami  also  in  many  branches  of  industry. 

The  acid  prepared  in  the  way  described  is  apt  to  contain  traces  of 
chlorine  from  common  salt  in  the  nitre,  and  sometimes  of  sulphate  from 
accidental  splashing  of  the  pasty  mass  in  the  retort.  To  discover  theso 
impurities,  a  portion  is  diluted  with  four  or  five  times  its  bulk  of  distilled 
water,  and  divided  between  two  glasses.  Solution  of  silver  nitrate  is 
dropped  into  the  one,  and  solui  Lot  of  barium  nilral  c  into  the  other;  if  no 
change  ensue  in  either  ease,  the  acid  is  free  from  the  impurities  men- 
tioned. 

Nitric  aciil  lias  been  formed  in  small  quantity  by  it  very  curious  process, 
namely,  by  passing  a  scries  of  electric  spares  through  a  portion  of  air 
in  contact  with  water  or  an  alkaline  solution.  The  amount  of  acid  so 
formed  after  many  hours  is  very  minute;  still  It  is  not  impossible  that 
powerful  discharges  of  atmospheric  electricity  may  sometimes  occasion 
a  trifling  production  of  nil  vie  acid  in  (ho  air.  A  very  minute  quantity  of 
nitric  acid  is  also  produced  by  Ihc  comb  us  I  ion  of  hydrogen  and  other  sub- 
stances in  the  atmosphere;  it  is  also  fcrnii-d  by  ilie  oxidation  of  ammonia. 

Nitric  acid  is  not  so  easily  detected  in  solution  in  small  quantities  as 
many  other  acids.  Owing  to  the  solubility  of  all  its  compounds,  no  precip- 
itant can  bo  found  for  this  substance.  An  excellent  mode  of  testing  it  is 
based  upon  its  power  or'  bleaching  a  solution  of  indigo  in  sulphuric  acid 
when  boiled  with  that  liquid.  The  absence  of  chlorine  must  be  insured 
in  this  experiment  by  means  which  w.il  .lierciU'icr  be  described:  otherwise 
the  result  is  equivocal. 

The  best  method  for  the  detection  of  nitric  acid  is  the  following.  The 
substance  to  be  examined  is  boiled  with  a  small  quantity  of  water,  and 
the  solution  cautiously  raised  with  an  equal  volume  of  concentrated  sul- 
phuric acid;  the  liquid  is  then  allowed  to  cool,  and  a  strong  solution  of 
ferrous  sulphate  carefully  poured  upon  it,  so  as  to  form  a  separate  layer. 
If  large  quantities  of  nitric  acid  arc  present,  Ihc  surface  of  contact,  first, 
and  then  the  whole  of  the  liquid,  becomes  black.  If  but  small  quantities 
of  nitric  acid  are  present,  the  liquid  becomes  reddish-brown  or  purple. 
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Nirnin'.cs-   Moxoxidt 

i  (sometimes  called  Nitrotu 

■     ()x»h;     alsa     Llil/'jAillff- 

Gas).—  When  solid  ami 

aoiiium  nitrate  is  heated  ii 

11U,    furnished  with  a  pe 

rforated  cork   and  hciil 

Fig.  ne. 

tube,  it  is  resolved  into  w 

ater  and  nitrogen  mon- 

Ko  particular  precaution  is  required  in  the 
operation,  save  due  regulation  of  the  heat,  and 
the  avoidance  of  tumultuous  disengagement  of 
thegaa. 

Kitrogert  monoxide  is  a  colorless,  transparent, 
and  almost  inodorous  gas,  of  distinctly  sweet  taste. 
Ita  specific  gravity  is  1-525;  a  litre  of  it  weighs 
01I71 72  grams;  H!(!  cubic  inches  weigh  47  -afl  grains. 
It  supports  the  combustion  of  :i  taper  or  a  piece  of 
phosphorus  with  almost,  as  much  energy  as  pure 
Oxygen:  it  is  easily  distinguished,  however,  from 
that  gas  by  its  solubility  in  cold  water,  which  dis- 
solves nearly  its  own  volume  ;  hence  it  is  necessary 
to  use  tepid  water  in  tins  pneumatic  trough  or  gas- 
holder; otherwise  great  loss  of  gas  will  ensue, 
Nitrous  oxide   has   been    liquefied,  hut  with   diffi- 


of  50  atmospheres:  the  liquid,  when  exposed  under 
air-pump,  is  rapidly  converted  into  a  snow-like  solid.  "When  mixed  with 
an  equal  volume  of  hydrogen,  and  tired  hy  the  electric,  spark  in  the  eudi- 
ometer, it  explodes  with  violence,  mid  liberates  its  own  measure  of  nitrogen. 
Kvery  two  volumes  of  the  gas  must,  consequently  contain  two  volumes  of 
nitrogen  and  one  volume  of  oxygen,  the  whole  being  condensed  or  con- 
tracted one  third  —  a  constitution  resembling  thai  of  vapor  of  water, 

The  most  remarkable  property  of  this  gas  is  its  intoxicating  power  upon 
the  animal  system.  If  quite  pure,  or  merely  mixed  with  atmospheric  air, 
it  may  be  respired  Cor  a  short  time  without  dunjxor  or  inconvenience.  The 
effect  is  very  transient,  ami  is  not  folio  wed  by  depression, 

Niteooen  Dioxrnn  (sometimes  culled  Mirk  Oi-i'k).  — Clippings  or  turn- 
ings of  copper  are  put.  into  the  apparatus  empleyed  for  preparing  hydrogen 
(p.  137),  together  with  a  little  water,  and  nitric  acid  is  iidded  hy  the  funnel 
until  brisk  effervescence  is  excited.  The  gas  may  he  collected  over  cold 
water,  as  it  is  not  sensibly  soluble. 

The  reaction  is  a  simple  deoxiilaliu.n  of  some  of  the  nitric  acid  hy  the 
copper:  the  metal  is  oxidized,  ami  the  oxide  so  formed  is  dissolved  by  an- 
other portion  of  the  acid.  Nitric  acid  is  very  prone  to  act  thus  upon 
certain  metals.}. 

The  gas  obtained  in  this  manner  is  colorless  and  transparent:  in  contact 
with  air  or  oxygen  gas  ii  produces  deep  red  fumes,  which  are  readily  ab- 
sorbed by  water:    this  character  is  sufficient  to  distinguish  it  from  all  other 


form  a  lip,  or  bonier.     Tl„,  n.'.-i:  will  then  licav  it  i 
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gaseous  bodies.     A  lighted  taper  plunged  into  the  gas  is  extinguished ; 

lighieu  phosphorus,  however,  burns  iti  it  with  great-  brilliancy. 

The  specific  gravity  of  nitrogen  dioxide  is  ]■(>;;!!;  a  litre  weighs  1-34343 
grams.  It  contains  equal  measures  of  oxygen  sun.!  nitrogen  gases  united 
Without  condensation.  IV lien  this  gsiv=  is  passed  into  the  solution  of  a  fer- 
rous salt,  it  is  absorbed  in  large  qnsiuiitv.  si  ml  a  deep-brown  or  nearly  black 
liquid  produced,  which  seems  to  be  a  dchniio  compound  of  the  two  sub- 
stanoes  (p.  159).      The  compound  is  again  decomposed  by  boiling. 

Nituc-oen  Thioxide,  or  NtTKOUS  Oxide.  —  When  four  measures  of  ni- 
trogen dioxide  ore  mixed  with  one  measure  of  o\ygcii,  and  the  gases,  per- 
fectly dry,  arB  expired  io  a  temperature  of  — IS",  ibey  condense  to  a  thin 
mobile  bine  liquid,  widen  emits  orange-red  vapors. 

Nitrous  oxide,  sufficiently  pure  for  most  nut-poses,  is  obtained  by  pouring 
Concentrated  nitric  acid  on  lumps  of  arsonious  aeii!,  and  gently  warming 
the  mixture,  in  order  to  start,  the  reaction.  Nitrous  oxide  is  then  evolved 
as  an  orange-red  gas,  arsenic  acid  remaining  behind. 

Nitrous  oxide  is  decomposed  by  inner,  bciti;*  converted  into  nitric  acjd 
and  nitrogen  dioxide.""  lor  this  reason  it  cannot  be  made  to  unite  directly 
with  metallic  oxides;  potassium  nitrite  may,  however,  be  prepared  by 
fusing  potassium  nitrate,  whereby  part  of  its  oxygen  is  driven  off;  and 
many  other  salts  of  nitrous  acid  may  be  obtained  by  indirect  means.  Thus 
a  solution  of  potassium  or  sodium  udriie  may  be  prepared  by  passing  the 
vapor  of  nitrogen  trioxido,  obtained  as  above  by  healing  nitric  acid  with 
arscnious  acid  (or  with  starch),  into  a.  solution  of  csuistic  potash  or  soda. 

Nitrogen  Tethoxtti'  (also  called  .Vitric  Pa-oxide).  —  This  is  the  principal 
constituent  of  the  deep-red  fumes  always  produced  when  nitrogen  dioxide 
escapes  inlo  the  air. 

When  carefully  dried  lead  nitrate  is  exposed  to  heat  in  a  retort  of  hard 
glass,  it  is  decomposed,  lead  oxide  rem  a;  nine:  behind,  w  title  a  mixture  of 
oxygen  and  nitrogen  tciroxido  is  evolved.  By  surrounding  the  receiver 
with  a  very  powerful  freezing  mixture,  the  latter  is  condensed  in  trans- 
parent crystals,  or  if  the  slightest  truce  of  moisture  is  present,  as  a  color- 
loss  liquid,  which  acquires  a  yellow  ami  ultimately  a  red  tint,  as  the  tem- 
perature rises.  At  2~i-ii°  il  boils,  giving  n'X  its  well-known  red  vapor,  the 
intensity  of  the  color  of  which  is  grcatSy  augmented  by  elevation  of  tem- 
perature. Its  vapor  is  absorbed  by  strong  nitric  acid,  wdtioh  thereby  ac- 
quires a  yellow  or  red  tint,  passing  into  green,  then  into  blue,  and  after- 
wards disappearing  altogether  on  (he  additii.m  of  successive  portions  of 
water.  The  deep-red  fuming  acid  of  commerce,  called  liiirous  acid,  is  simply 
nitric  acid  imprognai  ed  with  aits  ogen  tetroxide. 

Nitrogen  tetroxide  is  decomposed  by  water  at  very  low  temperatures  in 
sueh  a  manner  as  to  yield  nitric  ami  nitrous  acid;  ■[■  but  when  added  to 
excess  of  water  at  ordinary  temperatures,  ji.  yields  nitric  acid,  and  the 
products  of  decomposition  of  nitrous  acid,  us.mctv.  nitric  acid  and  nitrogen 
dioxide.  In  like  manner,  when  passed  into  alkaline  solutions,  it  forms  a 
nitrate  and  a  nitrite  of  the  alkali-metal :  hut  if  has  been  also  supposed  to 
unite  directly,  under  certain  circumstances,  with  metallic  oxides  —  lead 
oxide,  for  example  —  forming  dei'mile  crystalline  salts,  and  has  hence  been 
called  huponitrir.  nci>l ;  but  it  is  most  probable  Ilia:  these  salts  are  compounds 
of  nitrates  and  nitrites.  J 

*         SN.,0,  +       OIIj    =       SKOjH        +  2N,0, 

Kitruseu  tiioxide.  Water.  Nitric,  acid.        Nismsi:  iliuxkk. 

t      _  Hs%  +  OH™        =        NOjII         +    _     NfUI 

X  B-  9-    MTA.PliO)         =        (NOsl^Pb         +        (NOjVPb 
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Nitrogen  appears  So  rombinn.  under  favorable  oircums'ances,  ivifh  metals. 
When  iron  is  heated  lo  redness  in  :ui  nt rno==pJi (.■:-■.*  of  ammonia,  it  becomes 
brittle  and  erystalline,  and  shows  an  increase,  in  wui^-ii*.  said  to  vary  from 
6  to  12  per  cent.  ;  while,  according  lo  ether  observers,  r lit:  physical  charac- 
ters of  the  metal  an:  chanced  wiihour.  -enslblo  nil <-t-m tion  of  weight.  By 
healing  copper  in  ammonia,  no  compound  of  nitrogen  with  copper  is  pro- 
duced. But  when  ammonia  is  passed  over  copper  oxide  heated  to  300°, 
water  is  formed,  and  a  soil  brown  powder  proitnced.  which,  when  healed 
further,  evolves  nitrogen,  and  leaves  metallic  copper.  The  same  effect  is 
produced  by  the  oon!aci.  of  strong  acids,  A  similar  compound  of  chromium 
will:  uiu-ugen  appears  to  exist. 


When  powdered  sal-ammoniac  is  mixed  with  moist  calcium  hydrate 
(slaked  lime),  and  gently  healed  in  a  glass  flask,  a  large  quantity  of  gas- 
eous matter  is  disengaged,  which  must  lie  collected  over  mercury,  or  by 
displacement,  advantage  being  taken  of  its  low  specific  gravity. 

Ammonia  gas  thus  obtained  is  colorless  ;  11.  has  a  strong  pungent  odor, 
and  possesses  in  an  eminent  degree  those  pro]iov;ies  to  which  the  term 
alkaline  is  applied ;  that  is  to  say,  it  (urns  the  yelluw  Co' or  of  turmeric  to 
brown,  that  of  reddened  litmus  to  blue,  and  combines  readily  with  acids, 
neutralizing  them  completely ;  by  these  reactions  it  is  easily  distinguished 
from  all  other  bodies  possessing  the  same  physical  characters.  Under  a 
pressure  of  6*5  atmospheres,  a!.  ]•!>'•:",  ammonia,  condenses  to  the  liquid 
form.*  Water  dissolves  abo»-  700  times  iLs  volume  of  this  gas,  forming 
a  solution  which  in  a  more  dilute  state  has  long  been  known  under  the 
name  of  liquor  aimiioniii: ;  by  neat,  a  great  par!  is  again  expelled  -|-  The 
solution  is  decomposed  by  chlorine,  sal-ammoniac  being  formed,  and  ni- 
trogen set  free. 

Ammonia  has  a  density  of  0-589;  a  Hire  weighs  0-TU271  grams.  It  can- 
not be  formed  by  the  direct,  union  of  its  elements,  akhough  it  is  sometimes 
produced  under  rather  remarkable  circumstances  by  the  deoxidation  of 
nitric  acid, J  The  great  source;  or"  ammonia  are  the,  feebly  compounded 
azotised  principles  of  (ho  animal  and  vegetable  kingdoms,  which,  when  left 
to  putrefactive  change,  or  subjected  lo  destructive  distillation,  almost  in- 
variably give  else-  to  an  abundant  promotion  of  this  substance. 

The  analysis  of  ammonia  gas  is  easily  ell'ected.  When  a  portion  is  con- 
fined in  a  graduatcii  tube  over  mercury,  and  electric  sparks  passed  through 
it  for  a  considerable  time,  the  vohiuie  of  the  gas  gradually  increases  until 
it  becomes  doubled.  On  examination,  the  tube  Is  found  to  contain  a  mixture 
of  3  measures  of  hydrogen  «:is  ami  1  measure  of  nitrogen.  Every  two 
volumes  of  the  ammonia,  therefore,  contained  three  volumes  of  hydrogen 
and  one  of  nitrogen,  the.  whole  being  condensed  (o  the  extent  of  one  half. 
The  weight  of  the  two  constituents  is  in  (he  proportion  of  B  parts  hydrogen 
to  14  parts  nitrogen,  \ 

*  [At  HiB  temprratiis-o  c-r  —  7-1°  F..  TiiubT  m  :i  :ivi  :i:L. .  frc-ws  iafo  n  irulr.rlcss  solid,  uravier  than 
tlT:  ,.":.-,-'i-l  il?=-'.V." —  iloc.-.il.iv.)  —  R.B.] 
f  A  ciiiifdrjtl'iit'j'l  s";-iti<ju  ;■!'  '": li.i  li:i*i  i"i:l-l- ill  ly  1  ■■.'■.  ti   appll  ■■!   I.j-  M.  flam'  fur  ]re(ba:a.n 

i  !!■■ it :,.i-i  ■      ■  ■      !■■    r     ■       !■  sulul t  .Nil 

nimiia.  lire  otlior  IiHi.i;  -tu|.(v.  '  llie  wli..b'  ,i;:]i,!:nl  i:-   I. '-la-  ;i. I'm  llv  iiii-ti^ht.     'I.'lio  cm-ify 

cylinder  is  now  c-ohImI  witli  waler.  at'!  tin    u-.l>"  .  ;.  l:-i.l.-i         :■■■:,!  I>  v.-iiun.  .1.     1'he  nti::n. -11:11 
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Ammonia  may  also  bo  decomposed  into  its  elements  by  transmission 
through  a  red-hot  tube. 

Solution  of  ammouia  is  a  very  valuable  reagent,  and  is  employed  in  a 
great  number  of  chemical  operations,  for  some  of  which  it  is  necessary  to 
havo  It  perfectly  pure.      Tins  best  mode  of  pi'epiirjition  is  the  following: 

Equal  weights  of  S'll-amniojiiac  and  ;( i.icklLiiK:  sj.ro  taken;  the  lime  is 
slaked  in  a  covered  basin,  ami  the  ssilt.  reduced  to  powder.  These  are  mixed 
and  introduced  into  i  hi1  lbi.sk  employed  ic  preparing  solution  of  hydrochloric 
acid,*  together  with  just-  enough  water  in  dump  the  is;  is  aire,  and  cause  it 
to  aggregate  into  lumps  ;  the  rest  of  the  appssraius  is?  arranged  exactly  as 
in  the  former  ease,  with  an  ounce  or  two  of  water  in  the  wash-bottle,  or 
enough  to  cover  the  ends  of  the  tubes,  mid  the  gas  conducted  afterwards 
into  pure  distilled  water,  ariitidst'.'.y  cooiesi  sis  before.  The  cork  joints  are 
made  tight  with  was ;  a  little  mercury  is  put  into  the  safety-funnel,  heat 
cautiously  applied  to  the  flask,  and  the  whole  left  (o  itself.  The  disen- 
gagement of  ammonisi  is  very  regular  and  uniform.  Csitcium  chloride, 
with  excess  of  calcium  hydrate  (slake  1  lime),  remains  in  the  flask. 

The  decomposition  of  I  he  salt  tiLiiy  be  represented  in  the  manner  shown 
by  the  following  diagram: 

f  Ammonia — — Ammonia. 

Sal-ammoniac     Hydrochloric  1  Hydrogen —-^j- "Water. 


.ride-t 

i. old  be  perfectly  colorless.,  lostve  no  residue  on 
■crsaiurstted  by  nitric  acid,  give  no  cloud  or  mud- 
Its  density  diminishes  with  its  strength,  that,  of 
ig  about  0-H?;"> ;  I  lie  vsthio  in  alkali  of  any  sample 
it  safely  inferred,  not  from  si  knowledge-  of  it? 
ntity  of  acid  :t  given  siuiois.nl  will  saturate.  The 
:xp  crime  ill  will  in;  tiniU'l    d  escribed  under  Alka- 

ia  is  mixed  with  acids  of  various  kinds,  salts  are 
in  the  most  complete  maimer  the  corresponding 
tpounds:  these  are  host,  discussed  m  connection 
moniacal  salt  cm  sit  once  he  recognized  by  the 
li  takes  place  when  il  is  heated  with  slaked  lime, 


+       p-.'-Ch       +       HjO 


■d,-d  cither  as  di-Kt   ;:,.„>  .,;„!<  of  *ir:r...n:a.  Nil...  vsii: 
of  si. i  acid  by 


of  the  hyfc  _ 

A siit ii;i  i  i    I.,    it..  .!■.■  '.  II  .'I'  I  -         Mtj.r:   Ai;ii:iii:iiii:n  rleiaid'S. 

>'        nitrate  NH5.II.YO.,        =         .vtr.,.\(.!,  »  nitr-tr,. 

Etillihate       :MIO...II.-.Sit.       =      fNH.,i,.SO<        "         sulphate. 
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bago.  II  constitutes  a  large  proportion  (if  all  uremic  structures,  animal 
and  vegetable  :  when  these  latter  iirc  expo-sod  to  destructive  distillation  in 
close  vessels,  a  great  part  of  their  carbon  remains,  obstinately  retaining 
some  of  the  hydrogen  and  ovygcn.  ami  associated  with  tiie  earthy  and  alka- 
line matter  of  the  tissue,  giving  rise  ( ■>  1  lie  many  v:n-it-r  ics  of  charcoal,  coke, 
etc.  This  residue,  when  pcnccily  ■separated  from  all  foreign  matter,  con- 
stitutes a  (.bird  variety  of  carbon. 

The  diamond  is  one  of  the  most  romurkiililn  sitb'innees  known:  long 
pvi/od  fin  accounl  of  its  brill ianey  as  an  ornitmcntul  gem,  rbo  discovery  of 
its  curious  chemical  nature  confers  upon  it  a  high  degree  of  scientific  in- 
terest. Several  localities  in  India,  the  island  of  I'oinoo,  and  more  espe- 
cially liraiil,  furnish  tliis  beautiful  substance.  It  is  always  distinctly  crys- 
tallised, often  quite  I  ran spa runt,  and  colorless,  inn  now  and  then  having  a 
shade  of  yellow,  pink,  or  hlue.  The  origin  and  true  geological  position  cf 
the  diamond  are  unknown;  it  is  always  found  cm  boil  (led  in  gravel  and 
transported  materials  whose  liisiory  cannot  be  traced.  The  crystalline 
form  of  the  diamond  is  that  of  the  regular  oeieheih-oo  or  cube,  or  some  fig- 
ure geometrically  connected  with  ttiesc,  Many  of  tin;  octahedral  Crystals 
exhibit  a  very  peculiar-  appeo  ranee,  arising  from  the  faces  being  curved  or 
rounded,  which  gives  lo  the  crystal  an  almost  spherical  figure. 

The  diamond  is  infusible  and  unalterable  even  by  a  vory  intense  heat, 
provided  air  bo  excluded;  but  w-ben  Lea.i.od,  thus  protected,  between  the 
poles  of  a  strong  pLlmnic  battery,  it-  is  convened  into  coke  or  graphite  ; 
heated  to  whiteness  in  a  vessel  of  osygon,  it  bums  with  facility,  yielding 
cai-lcujie  acid  gas. 


The  diamond  is  tli»  hardest,  substance  known  :  it  admits  of  being  :  _ 
cloven  without  difficulty  in  certain  particular  directions,  but  can  only  be 
cut.  or  abraded  by  a  seem  id  portion  of  the  same  material  :  the  powder  rubbed 
off  in  this  process  serves  for  polishing  the  new  faces,  and  is  also  highly  use- 
ful to  the  lapidary  and  seat-engraver.  One  very  curious  and  useful  appli- 
cation of  the  diamond  is  made  by  the  glacier:  a  fi;upi:ni.i  of  this  mineral, 
like  a  bit  of  flint,  or  any  other  ban!  substance,  scratches  the  surface  of  the 
glass;  a  crystal,  of  diamond  having  the  rounded  oci  ohedral  figure  spoken  of, 
held  in  one  particular  position  on  the  glass  —  namely,  with  an  edge  formed 
by  the  meeting  of  two  adjacent,  faces  presented  lo  the  surface  — and  then 
drawn  along  with  gentle,  pressure,  onuses  a  split,  or  cut,  which  penetrates 
to  a  considerable  depth  into  the  glass,  a.nd  determines  its  fracture  with  per- 
fect certainty. 

Graphite  or  plumbago  appears  to  consist,  essentially  of  pure  carbon,  al- 
though most  specimen-  contain  iron,  the  quantity  of  which  varies  from  a 
mere  trace  up  to  five  per  cent.  Graphite  is  a  somewhai  rare  mineral :  the 
finest  and  most  valuable  for  pencils  is  bronchi  from  Uorrowdale,  in  Cumber- 
land, where  a  kind  of  irregular  vein  is  found  traversing  the  ancient  slate 
bods  of  that  district.*     Crystals  arc  not,  common:  when  they  occur,  they 
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have  the  figure  of  a  -hurl  m-sided  prism —  a  form  bearing  no  geometric 

relation  to  that  of  the.  diamond. 

Graphite  isoCi.cn  formed  nrtiucially  in  ceriiiin  hictadiurgic  operations: 
the  brilliant  scales  which  sometimes  scpnrnie  from  melted  cast-iron  on 
cou" in;:,  called  by  tiic  workmen  "  kisli,''  consist  of  graphite. 

Lampblack,  the  soot  produced  by  tin:  imperl'cci  combustion  of  oil  or 
resin,  is  the  best,  example  ilial  hii  be  given  of  carbon  iti  its  uncrystallized 
or'  amorphous  state.  To  the  sunt  chins  belong  tins  different,  kinds  of  char- 
coal. That  prepared  from  wood,  eii  her  by  disl  illation  in  a  large  iron  retort, 
or  by  tho  smothered  comb  nation  of  a  pile  of  fagot  j  partially  covered  with 
earth,  is  the  most  valuable  as  fuel.  Coke,  the  charcoal  of  pit-coal,  is  much 
more  impure;  it  contains  a  large  uuaniity  of  eartby  nun  ler,  and  very  often 
sulphur,  the  quality  depending  very  rucioli  i:pon  the  mode  of  preparation. 
Charcoal  fi'om  bones  and  animal  matters  in  general  is  a  very  valuable  sub- 
stance, on  account  of  Ihe  eite^onlinary  power  it  possesses  of  removing 
Coloring  matters  from  organic  solutions;  h  is  used  for  this  purpose  by  the 
sugar- re  liner  s  to  a  very  great,  extent,  and  also  by  the  manufacturing  and 
scientific  chemist.  The  property  in  question  is  possessed  by  all  kinds  of 
charcoal  in  a  small  degree. 

Charcoal  made  from  box,  or  other  dense  wood,  has  tho  property  of  con- 
densing gases  ami  vapors  imo  iis  pores:  of  amiaoniaca.l  gas  it  is  said  to 
absorb  not  less  than  ninety  times  iis  volume-,  while  of  hydrogen  it  takes  lip 
less  than  twice  its  own  bulk.  I. he  ijuamity  being  apparently  connected  with 
the  property  in  the  gas  of  suffering  liiiuefacl  ion,  'I'll is  property  of  absorb- 
ing gases,  as  well  us  Ihe  decolorizing  power,  no  doubt  depends  in  some  way 
upon  the  same  peculiar  action  of  surface  .so  remarkable  in  ihe  case  of  pla- 
tinum in  a  mixture  of  oxygen  and  hydrogen.  Tim  absorbing  power  is,  in- 
deed, considerably  inorea.sod  by  saturating  charcoal  with  solution  of  pla- 
tinum, and  subsequently  igniting  il,  so  as  ro  coal  Ihe  charcoal  with  a  thin 
film  of  platinum.  Dr.  Stonhonse,  who  suggested  this  plan,  finds  that  the 
gases  thus  absorbed  under;.-)  a  k;;u!  of  oxidaiion  within  the  pores  of  the 
charcoal.* 

Compounds  of  dn-b'-n  mil  Ori!y-t>. 
There    are    two    direct   inorganic    compounds    of    carbon    and     oxygen 

.ngrapliile.  Thin 
1 1 rti I? US.SI  eonsisl.H  ni  ii>!i::-,l:,:ai.:\-  I::  ■  ,e-.:!y  ,, ..■■--, I.  r.-  I  !■:-.- p::: I, ■,  Mi;:Ya.o-,ly  11li*oil  with  J,  of 
its  wi'iiitit  ill'  potns'lniii  ,-iili.nU!',  in  I,  i  1  ].;■--  ..if  i:ea   enlr.ltiil  .11  plinric  LieilJ.  which  is  heated 

ami  til?  ^r.liiiiiti:  itrleil.  'J/N  a;  |iri:ji;ui:.l.  Ihh  snlisl  :m:i\  v.linri  he;ihj..l  to  ;L  L t ]llIK5|-^t lli'u  il|e 
I'nvtctiion  a  roil  lie.il.  s*v..ll.-  <:■:  to  .1  I  ille.'  iih'  .'  ii  :i.|  ■.■  .li.i.l.-  I  >.r:i[ihil.>.  Tim  Erapliite 
lately  nl^ovoreiUn  S;!i  a:, i.  ivhiili  ,!  I::,.  .'■;'■;,. I.  -„■■,.,!  :,;:.-,:  ,■:,  ;d  I  xhiljlliiju  of  JSfjJ, 

lilinwiss  .uliuit-i  of  l>t-]i,-  iicilinl  i>v  sii    II.  l'.i.,:liu's  process. 
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of  color.  Metal  lit  Mil*,  .a-,,:  in)  in  nana.  ...:■  iliiiri-i  :  1 1 :  ■  -  1 . .  .1 .  air  pie^iiiniloil.  theo^li  not 
■  ntltaly,  rmniring  about   thlrtj   tlmn  ■  wi  _ r  i  ntaml   •  tarooi  ;.    AremLmia  wM  ia 
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Cakbow  Dioxiun.  or  ('akiiontc  fl\i:n:  (commonly  ca'lod  Carbonic  Acid), 
ia  always  produced  ivhon  oliarcQ.il  burns  in  air  or  osyjrcu  gas:  it  is  most 
conveniently  obtained,  however,  for  study,  by  decomposing  a  carbonate 
with  one  of  the  stronger  acids.  For  tliis  purpose,  the  apparatus  for  gen- 
erating hydrogen  may  ;j ira in  be  employed:  Fragments  ol  marble  are  put 
into  the  bottle  with  enough  water  to  cover  the  extremity  of  the  funnel- 
tubo,  and  hydrochloric  or  nitric  acid  is  added  liy  tbe  btlier,  until  the  gas  ia 
freely  disengaged.  Chalk-powder  :i:id  dilute  sulphuric  acid  may  be  used 
instead.  The  gas  may  bn  collected  over  water,  although  with  some  loss; 
or  very  conveniently  by  displacement,  if  it  lie  required  dry,  as  shown  in 
fig.  118.      The  long  drying-tube  is  filled  wii.li  fragnicuis  of  calcium  chloride, 


and  the  heavy  gas  is  conducted  to  the  bo  I  loin  of  tin?  vessel   in  which  it  is 
to   be  received,  "the  month  of  the  hitter  being  lightly  closed.* 

Carbon  dioxide  is  it  colorless  gas;  it.  has  an  agreeable  pungent  taste  and 
color,  hut  cannot  be  respired  for  a  minute,  withoui  insensibility  following. 
Its  specific  gravity  is  l-o24,-|-  a  litre  weighing  1  -iHibu-i  -rams  and  100  cubic 
inches  weighing  17-20  grains. 

Pig.  us.  This    gas    is    very    hurtful    to     animal     life,    even 

when  largely    diluted   with  air;    it    acts    as    a    nar- 
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cotic  poison.  Ilence  the  danger  arising  from  imperfect  ventilation, 
the  use  of  fireplaces  ami  stoves  of  all  kinds  unprovided  with  proper 
chimneys,  and  the  crowding  mgy[.huv  of  many  individuals  in  houses 
and  ships  without  efficient,  iiienns  for  renewing  tho  air;  for  oarbon 
dioxide  is  constantly  disotmaged  during  die  process  of  reap! ration,  which, 
as  we  have  aeon  ip.  131),  is  mulling  but  a  process  of  slow  combustion. 
This  gas  is  sometimes,  emitted  in  large  quaul  ity  IVoui  tlie  earth  in  voleanio 
districts,  and  it  is  constantly  goutsaied  where,  organic  mailer  is  in  the  act 
of  undergoing  fermentivu  decomposition.  Tlie  fatal  "  aflur-danip"  of  the 
coal-mines  contains  a  large  proportion  of  carbon  dioxide. 

A  lighted  taper  plunged  in: o  carbon  dioxide  is  instantly  extinguished 
even  to  the  red-hot  sun:!'.  When  dilated  witii  three  limes  its  volume  of 
air,  it  still  retains  tho  power  of  extinguishing  a  light.  The  gas  is  easily 
known  from  nitrogen,  which  is  also  ineapabie  uf  supporting  combustion, 
by  its  rapid  absorption  by  caustic  alkali,  or  by  limo-water;  the  turbidity 
communicated  to  the  latter  from  the  production  of  insoluble  calcium  car- 
bonate is  very  characteristic. 

Cold  water  dissolves  alum!  lis  own  volume  of  carbon  dioxide,  whatever 
be  the  density  of  the  gaa  with  which  it.  is  iu  contact  (comp.  p.  151);  the 
solution  temporarily  reddens  litmus-paper.  In  common  soda-water,  and 
also  in  effervescent  wines,  examples  may  be  seen  of  the  solubility  of  the 
gas.     Even  boiling  water  absorb,  a  perceptible  quantity. 

Some  of  the  interesting  phenomena  ::i  i ending  the  lb.  oof action  of  carbon 
dioxide  have  been  already  deseribed:  it.  requires  for  the  purpose  a  pres- 
sure of  between  27  and  '28  atmospheres  at  <iD,  aceording  to  Mr.  Adams. 
The  liquofiud  oxide  is  colorless  and  limpid,  lighior  than  water,  and  four 
times  more  expansible  than  air:  it  mixes  in  all  proportions  with  ether, 
alcohol,  naphtha,  oil  of  turpentine,  and  carbon  disulphido.  and  is  insoluble 
in  water  and  fat  oils.  In  this  condition  it.  does  not  exhibit  any  of  the 
properties  of  an  acid. 

Carbon  dioxide  exists,  as  already  mentioned,  In  the  air:  relatively  its 
quantity  is  but.  small;  but  absolutely,  taking  into  account,  the  \ast.  extent. 
of  the  atmosphere,  if  is  very  great,  and  fully  adequate  to  the  purpose  for 
which  it  is  designed,  —  namely,  lo  supply  to  plants  their  carbon,  these  lat- 
ter having  the  power,  by  the  aid  of  their  green  leaves,  of  decomposing 
carbon  dioiide,  retaining  the  carbon,  ami  expelling  the  oxygen.  The 
presence  of  light  is  essential  to  this  effect,  but  of  tho  manner  in  which  it 
is  produced  we  are  yet  ignorant. 

The  carbonates  form  a  very  large  and  important,  group  of  salts,  some  of 
which  occur  iu  nature  in  groat  quantities,  as  the  carbonates  of  calcium 
and  magnesium.  They  contain  the  elements  of  carbon  dioxide  and  a  me- 
tallic oxide:  calcium  carbonate,  for  example,  being  composed  of  44  parts 
by  weight  of  carbon  dioxide  ami  y'j  part.-  of  calcium  oxide  or  lime,  or  of 
12  carbon,  48  oxygen,  and  V)  calcium  ;  *  but  they  arc  never  formed  by  the 
direct  union  of  dry  carbon  dioxide  with  a  dry  metallic  oxide,  the  inter- 
vention of  water  being  always'  required  to  bring  about.  I  he  combination, 
l'otassiiim'carbonate  ipcarlash':,  is  the  chief  omi-aliuent  of  wood-ashes; 
sodium  carbonate  is  euni  aloud  in  tlie  us  lies  of  marine  plain  -,  and  is  manu- 
factured on  a  very  large  seaio  by  heating  sodium  sulphate  with  limo  and 
coal.  These  carbonates  are  soluble  in  water.  The  other  metallic  carbon- 
ates, which  are  insoluble,  may  be  formed  by  mixing  a  solution  of  potas- 
sium or  sodium  carbonate  with  a  soluble  metallic  salt;  thus,  when  solu- 
tions of  lead  nitrate  and  sodium  carbonate  are  mixed  together,  the  lead 
and  sodium  change  places,  forming  sodium  nitrate,  which  remains  dis- 
solved, and  lead  carbonate,  which,  being   insoluble  in  water,  is  precipi- 

*  COjCi.  or  CO^.CaO. 
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tutcil  *  in  the  form  of  a  while  powder.      Thi 
composition,  the  moat  frequent  of  all  forme  of 

The  solution  of  cuvbon  dioxide  in  water  may  be  supposed  to  contain 
hydrogen  carbonate,  or  carbonic  acid,  consisting  of  .12  parts  by  weight  of 
carbon,  48  oxygen,  ami  2  hydrogen :  j-  but  this  compound  is  not  known  in 
the  separate  suite,  only  in  aoueous  solution. 

Cahbon  Monoxide,  or  Carbonous  Oxide  (commonly  called  Carbonic 
Oxide).  —  When  car!) on  dioxide  is  passed  over  red-  ho  I  etiavcoal  or  metallic 
iron,  one-half  of  its  oxygen  is  removal,  and  it  becomes  converted  into 
carbon  monoxide,  A  scry  good  method  of  preourinir  iiiis  gas  is  to  intro- 
doee  into  a  iif.sk  fitted  with  a  bent  tube  some  evystulbied  oxniic  acid,  or 
salt  of  sorrel,  and  pour  upon  it  five  or  six  limes  as  much  strong  oil  of 
vitriol.  \  On  heating  (tie  mi  mure,  tin;  orga.nie  acid  is  resolved  into  water, 
carbon  dioxide,  and  carbon  monoxide ;  and  by  passing  the  gases  through 
a  strong  solution  of  caustic  potash,  the  first  is  v.- Undrawn  by  absorption, 
while  the  second  remains  unchanged.  Another  and.  it  may  be,  preferable 
method,  13  to  heat,  finely  powdered  y«l!ow  potassium  ferrocynnide  with 
eight  or  ten  times  its  weight  of  concentrated  sulphuric  acid.  The  salt  is 
entirely  decomposed,  yielding  a  nest,  copious  supply  of  pertccily  pure 
carbonous  oxide   gas,  which   may  be   collected   over   water  in  the  usual 

Carbon  mono  side  is  a  coin  bus:!  tile  gas ;  it.  burns  with  a  beautiful  pale- 
blue  flame,  generating  ear  bun  dioxide.  It  hits  never  been  liquefied.  It  is 
colorless,  has  very  Utile  odor,  and  is  extremely  poisonous — ■  much  more  so 
than  carbon  dioxide.  Mixed  wi'.h  oxygen.  )■  explodes  by  the  electric  spark, 
but  with  some  difficulty.  lis  specific  gravity  is  IKIT3;  a  litre  weighs 
l-ofil.'i  grains;    100  cubic  Inches  weiedi  "u-21  grains. 

The  relation  by  volume  of  t.liese  oxide.-  of  carbon  may  thus  be  made  in- 
telligible: carbon  dioxide  contains  its  own  volume  of  oxygen,  that  gas 
suffuiine  nn  change  of  bulk  by  il.s  conversion.  One  Ineiisurc  of  CiirbeJi 
j:)onoxide.  mixed  Mil!)  lialf  a  measure  of  oxygen  anil  exploded,  yields  one 
incisure  ofearlniu  dioxide  ;  hence  carbon  :noii  oxide  eonlidus  Suit'  .us  vol  nine 
of  oxygen. 

Carbon  monoxide  nnii.es  with  chlorine  under  the  influence  of  light,  form- 
ing a  pungent,  suifocnting  compound,  possessing  acid  properties,  called 
phosgene  gas,  or  ccirlioiwl.  chloride.  It.  made  by  mixing  equal  volumes  of 
carbon  monoxide  and  chlorine,  both  perfectly  dry,  rind  exposing  the  mix- 
ture to  sunshine:  the  gases  unite  quietly,  the  color  disappears,  and  the 
volume  becomes  reduced  to  one  half.  A  more  convenient  method  for  pie- 
paring  this  gas  consists  in  passing  carbon  monoxide  through  antimony 
pemacklorido.      Il  is  decomposed  by  water. 


)    +     BOH,     +     Whll-     r-     COO      i-     rSOjK.,     +     3S04(SH|),     +    SO.Fe 
l  Water.        EeliiluLMC       Cirl-on        I'el.i.sliim        Ammonium  Ferrous 

it.  acid.  monoxide,      sulphide.  atllnhi.te,  sulphate. 
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(.'ompijuiiih  of  C'.h-biiii  'Hi'!  ll:riiv;i'-k. 

The  compound?  of  curbon  nud  hydrogen  already  known  are  exceedingly 
numerous:  perhaps  nil,  in  strictness,  belong  t.o  the  domain  of  organ ie 
chemistry,  as  they  cannot,  except  1  ri  very  few  cases,  he  formed  by  the  di- 
rect union  of  their  element*,  Inn  always  arise  from  the  decomposition  of  a 
complex  body  of  organic  origin.  It  will  Ik;  found  convenient,  notwith- 
standing, to  describe  two  of  Ihcra  in  this  piii-t  of  the  -volume,  as  they  very 
well  illustrate  II) e  import  uui  subjects  of  combust  ion  and  i  lie  nature  of  flame. 

Methane  or  MahsuGis;  T.h;ut  C.uuHiMrn'i-n  HvijmiwiiN;  1'ibe-dami'.— 
This  gas  is  but  too  often  found  to  be  abundantly  disengaged  in  coal- 
mines from  the  fresh-cut  ■uirfaeo  of  the  coal,  and  from  remarkable  aper- 
tures or  "blowers,"  which  emit,  for  a  great  length  of  time  a  copious  stream 
or  jot  of  gas,  probably  existing  in  a  stale  of  compression,  pent  up  in  the 

The  mud  at  the  bottom  of  pools  in  which  water-plants  grow,  on  being 
stirred,  suffers  bubble?  of  pus  to  escape,  which  ma.v  be  easily  collected. 
This,  on  examination,  is  found  to  be  chiefly  a  mixture  of  light  carbonottcd 
hydrogen  and  carbon  diotide  ;   the  1  ait  or   is   easily  absorbed  by  lime-water 

For  a  long  time,  no  method  wan  known  by  which  the  pas  in  question 
Could  be  produced  in  a  state  approaching  to  purity  by  artificial  means; 
the  various  illutiiinaling  pases  I'rom  pit  coal  and  oil,  and  that  obtained  by 
pissing  the  vapor  of  alcohol  through  a  red-hot.  tube,  euntain  large  quan- 
tities of  liglit  carbonetied  hydrogen,  a-sociai  cd,  however,  with  other  sub- 
stances "Which  hardly  admit  of  separation ;  but.  Dumas  has  discovered  a 
method  by  which  that  gas  can  be  produced  at  will;  perfectly  pure,  and 
in  any  quantity.* 

A  mixture  is  made  of  JO  parts  crystallized  sodium  ace! ate,  40  parts  solid 
sodium  hydrate,  and  > . (_>  parts  quicklime  in  powder.  This  mixture  is  trans- 
ferred t.o  a  flask  or  retort,  ana  strongly  healed  :  the  gas  is  disengaged  in 
great  abundance,  and  may  be  colieoteii  over  water,  while  sodium  carbonate 
remain;!  behind.f 

Methane  is  a  colorless  ami  nearly  inodorous  gas,  which  does  not  affect 
vegetable  colors.  It  burns  with  a  yellow  flame,  generating  carbon  dioxide 
and  water.  It  is  not.  poisonous,  at;d  may  be  respired  to  a  great  extent 
without  apparent  injury.  The  density  of  ihis  compound  is  about  0-550,  a 
litre  weighing  0.7155S  grains,  and  J.IAt  cubic  ioehes  weipliing  17-41  grains; 
it  contains  carbon  and  hydrogen  associated  in  i  ho  proportion  of  12  parts 
In-  weight  of  the  former  to  -I  of  (he  latter.J 

When. 100  measures  of' this  gas  are  mixed  with  'J.Qti  of  pure  oxygen  in  the 
eudiometer,  and  the  mixture  exploded  by  the  electric  spark,  100  measures 
of  gas  remain,  which  are  entirely  absorbable  by  a  little  solution  of  caustic 
potash.  Now,  carbon  dioxide  contains  its  own  volume  of  oxygen:  henco 
one-half  the  oxygen  added  — that  is,  100  measures —  must  have  been  con- 
sumed in  uniting  with  the  hydrogen,  (lonsequeriily,  the  gas  must  contain 
twice  its  own  measure  of  hydrogen,  ami  enough  carbon  t.o  produce,  when 
completely  burned,  an  equal  quantity  of  earbou  dioxide. 

*  Ann.  Chan.  Phys.  Ixxili.  53. 

cyjjO.Si.      +      NallO      =      CH4     -f      CQiNsj 

Sodium  Sou  hun  Marsh  Sodium 

Tlio  use  of  the  lime  is  merely  to  iiruvuiii.  i.lie  euduicn  hvdv.Ui.  frum  fusing  and  attacking  tile 


Uji' or  M.irsii  saa    .    .    CH,.  Etlienc  or  Oicfumt  e 
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When  chlorine  in  mixed  with  marsh  gas  over  water,  no  change  follows, 
provided  light  be  excluded.  'Hie  presence  of  light,  however,  brings  about 
decomposition,  hydrochloric  acid,  carbon  dioxide,  ami  sometimes  other 
products,  being  formed.  It  is  important  to  remember  that  this  gas  is  not 
acted  upon  by  chlorine  in  the  dark. 

Ethbhe  or  OiKviAsi  Oak.  —  Strong  spirit  of  n-ine  is  mixed  with  five  or 
six  times  its  weight  of  oil  of  vitriol  in  a  glass  thi.sk,  I  he  tube  of  which  passes 
into  a  wash-bottle  c n'uniniiig  <aiiis;ic  potash.  A  second  wash-bottle,  partly 
filled  with  oil  of  vitriol,  is  connected  with  the  first,  and  furnished  with  a 
lube  dipping  into  the  water  of  the  pneumatic  trough.  On  ike  first  applica- 
tion of  heat  to  the  contents  of  the  flask,  alcohol,  and  afterwards  etlier, 
make  their  appearance;  hut,  as  the  temperature  rises,  and  the  mixture 
blackens,  the  ether- vapor  diminishes  in  quantity,  and  i(s  place  becomes  in 
great  part  supplied  by  a  permanent  inflammable  gas;  carbon  dioxklo  and 
sulphurous  oxide  are  also  generated  at  the  same  time,  besides  traces  of 
other  products,  Tho  two  1-jM  mentioned  gases  are  absorbed  by  the  alkali 
in  the  first,  bottle,  ami  ihe  ether-vapor  by  the  acid  it;  i  lie  second,  so  that  tlie 
olefiant  gas  is  delivered  tolerably  pave.  The  enlirc  reaction  is  too  complex 
to  be  discussed  at.  tire  present.  moment;  il  will  tie  found  fully  described  in 
another  part  of  the  volume;  but  the  01  bene  may  he  regarded  as  resulting 
from'  a  simple  dehydration  of  tho  alcohol  by  the  oil  of  vitriol.*  Olefiant 
gas  thus  produced  is  colorless,  neutral,  and  but  slightly  soluble  in  water. 
Alcohol,  ether,  oil  of  turpentine,  and  even  olive  oil,  as  faraday  has  observed, 
dissolve  it  to  a  considerable  extent.  It  has  a  faint  odor  of  garlic.  On  the 
approach  of  a  kindled  taper,  ii  takes  live,  and  burns  with  a  splendid  white 
light,  far  surpassing  in  brilliant:)  i.iat  produced  by  marsh  gas.  This  gas, 
when  mixed  with  oxygen,  mid  fired,  explodes  with  extreme  violence.  Its 
density  is  0-981 ;  a  litre  weighs  l'i>l.!!-l  grains;  100  cubic  inches  weigh  30-57 
grains. 

By  the  use  of  the  eudiometer,  as  already  described,  Ii  bus  been  found  that 
each  measure  of  eilieue  requires  for  complete  combustion  exactly  throe  of 
oxygen,  and  produces  under  these  circuiosianocs  two  measures  of  carbon 
dioxide;  whence  ii  is  evident,  that  it.  contains  twice  its  own  volume  of  hy- 
drogen combined  wit  h  twice  as  much  carbon  as  in  methane. 

Jiy  weight,  these  proportions  will  lie  Jl  parts  carbon  and  I  ports  hydrogen. 

Et.hone  is  decomposed  by  passing  ii  f  lire  ugh  a  tube  healed  to  bright  red- 
ness; a  deposit  of  charcoal  and  iar  takes  place,  and  ihe  gas  becomes  con- 
verted into  marsh  gas,  or  even  info  free  hydrogen,  if  the  temperature  be  very 
high.      This  latter  change  is,  of  course,  attended  by  increase  of  volume. 

Chlorine  acts  open  otheiio  in  a  very  renin rkubie  manner.  When  the  two 
bodies  are  mixed,  even  in  the  dark,  they  combine  in  equal  measures,  and 
give  rise  to  a  heavy  oily  liquid,  of  sweetish  taste  and  ethereal  odor,  to 
which  the  name  of  elk  cue  chloride,  or  Dutch  liquid, -j-  is  given.  It  is  from 
this  peculiarity  that  the  term  oHinni  gas  is  derived. 

A  pleasing  and  instructive  experiment  may  also  be  nude  by  mixing  in  a 
tall  jar  two  measures  of  chlorine  and  one  of  otheiio,  and  then  quickly  ap- 
plying alight  to  the  in  out  1 1  of  Ihe  vessel.  The  chlorine  and  liytlroge.n  on  Lie 
with  Same,  which  passes  quickly  down  Ihc.ja  r,  while  ihe  whole  of  the  carbon 
is  set  free  in  the  form  of  a  thick  black  smoke. 

Coal  and  On.  Casus.  —  The  manufacture  of  coal-gas  is,  at  the  present 
moment,  a  branch  of  industry  of  great,  interest  and  importance  in  several 
points  of  view.  The  process  is  one  of  great  simplicity  of  principle,  but 
requires,  in  practice,  some  delicacy  in  management  tn  yield  a  good  result, 

■"GjlTjO  =  Cjltj  +  GSa 
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When  pit-coal  is  subjected  to  destructive  distillation,  a  variety  of  products 
show  themselves-  -  permanent  gases,  steam,  and  \olatilo  nils,  besides  a  not 
inconsiderable  iniaiiiily  of  ammonia  from  the  nitrogen  always  present  in 
the  coal.  These  substaueos  vary  very  much  in  Iheir  proportions  with  the 
temperature  at  which  the  process  is  e imdiieted,  the  permanent  gases  be- 
coming more  abundant  v.-itli  increased  heal,  but,  at  the  same  time,  losing 
irureli  of  llieir  value  fur  r  1 J o  purposes  of  illumination. 

The  coal  is  distilled  it:  cast-iron  retorls.  maintained  at  ;t  bright -red  heat, 
and  the-  volatilized  product  is  cunilin.-i  ■:<■  into  a  lung  horizontal  pipe  of  large 
dimensions,  always  halt'  titled  u-ith  liquid,  into  which  the  extremity  of  each 
separate  tube  dips:  thin  is  called  I  If.-  hydraulic  main.  The  gas  and  its 
accompanying  vapors  arc  nest,  made  to  traverse  a  refrigerator  —  usually  a 
series  of  iron  pipes,  cooled  on  the.  outside  hy  a  stream  uf  water;  here  the 
condensation  of  the  tar  and  the  ammoniac;!.!  humid  becomes  complete,  and 
the  gas  proceeds  onward  to  another  part  of  the  apparatus,  in  which  it  is 
deprived  of  the  sulphuretted  hydrogen  and  cai-hiinio  avid  pises  always  pres- 
ent in  the  crude  product.  This  ""as  formerly  effected  hy  slaked  lime,  which 
readily  absorbs  the  compounds  iti  i]uesuoii.  The  use  of'  lime,  however,  has 
been  almost  superseded  by  that,  of  a  mixture  of  sawdust  and  iron  oxide. 
This  mixture,  after  having  bee;;  employed,  is  opposed  fur  some  time  to  the 
atmosphere,  and  is  then  tit  for  use  a  second  time.  The  purifiers  are  large 
iron  vessels,  filled  either  with  slaked  lime  or  with  the  iron  oxide  mixture. 
The  gas  is  admitted  at  the  bottom  of  the  vessel,  and  mii.de  to  pass  over  a 
large  surface  of  the  purifying  agents.  The  last  part  of  the  operation, 
which,  indeed,  is  often  omitted,  consists  hi  passing  the  gas  through  dilute 
sulphuric  acid,  in  order  to  remove  ammonia.  The  quantity  thus  separated 
is  very  small,  relatively,  to  the  bulk  of  the  gas,  hut,  in  an  extensive  work, 
becomes  an  object  of  importance. 

Coal-gas  thus  manufactured  ami  purified  is  preserved  for  use  in  immense 
Cylindrical  receivers,  closed  at  the  top.  suspended  in  tanks  of  water  by 
chains  to  which  counterpoises  are  attached,  so  that  the  gas-holders  rise 
and  sink  in  the  liquid  as  they  become  filled  (Vom  (lie  purifiers  or  emptied 
by  the  mains.  These  latter  are  made  of  largo  diameter,  to  diminish  as 
much  as  possible  the  resistance  experienced  by  the  gas  in  passing  through 
such  a  length  of  pipe.  The  joints  of  these  mains  are  still  madu  in  so  im- 
perfect a  manner  that  immense  loss  is  experienced  by  leakage  when  the 
pressure  upon  the  gas  at  the  works  exceeds  that  exerted  by  a  column  of 
w;iter  an  inch  in  height.* 

Coal-gas  varies  very  much  in  composition,  judging  from  its  variable  den- 
sity and  illuminating  powers,  ami  from  flic  analyses  which  have  been  made. 
The  difficulties  of  such  investigations  are  very  great,  and  unless  particular 
precaution  be  taken,  tlie  results  are  merely  appruximalive.  The  purified 
gas  is  believed  to  contain  the  following  subs;  mire?;,  of  which  the  first  is  the 
most  abundant,  and  I  he  sec  mid  the  most  valuable  : 

Methane,  or  Marsh  gas. 
ElheiH!,  or  Olciiani  gas. 
Hydrogen. 

*  Tt  may  give  sum!'  iili'a  lit  (tin  cxient  (if  lliis  F,].i'd;'s  el"  iiiiiimliietiirG,  to  mention  tli.it  in  Sin 

.-in I  ';.V Ji' i. i. ■  ,.l  ,'|. 'I  ■  ,   ...  :i    .  i,  |.   n.    ..in li.i  '■.[, ■!.  

11,n  ci-.n.uiuiaLor  ..i  '.■":■.!  In  ll.i.  ::oo'-  ;'.■!■■.  ■■[!■■■  I-..:  :  ;.  '  ■!,-.  L  |i  'I  ;;,■.■':  i'i.  ".<  ui'  [aitai;  IV.  t-l  cl'  p,.: 
lu-iiis  ma.lc  in  ttisvi-ar.     I'lnav  wvr,-  l.'it. :!■!:■  i .-  i ■- :i  1 .   !i:;!,e..  :i n.l  ::ii.!:ii  .-Ircct  lamps.     S9U  tons 

cubic  feel  of  gas  oounimet i  !■'.;.:■■- I  ;.—  On,  .■■■'■■  ttonarj)       drtoand  MnniJ&cfant. 
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ITHChed  tin?  ill trao.di nary  lnngfli  of  2000  mil™. 


Hosteo  by  G00gk 


172  COMBUSTION,    AND 

Carbon  Monoxide. 

Nitrogen, 

Vapors  of  volatile  liquid  Hydrocarbons.* 

Vapor  of  Carbon  Bisulphide, 

Sipntitl:  >).  In;  Ccndcnsiiii-ai  ami  '*..'/  ih.':  /'■iri/!-.  es. 

Tar  and  Volatile  Oils. 

Ammonium  Sulph  ,i      i".  '  .-!.'   .  :.i.  I  Sulphide. 

Hydrogen  Sulphide. 

Carbon  Dioxide. 

Hydrocyanic  arid       i    ■■-■■■"  •  ■•■  i  ■.  inido. 

Sutphocyauiu  acid,  ni-  .\u.tii..iii"r.  S  ilphocyanate. 

A  far  better  illuminating  gts  iimv  !>■  )■;  ■  pared  from  oil,  by  dropping  it 
into  a  red-hot  iron  retort  filled  vndi  eke  ,  ihe  liquid  is  in  great  part  ducom- 
poaod  and  con vert.se I  Una  permanent  gas,  which  requires  no  purili cation,  as 
it  is  quite  free  from  the  amiooaiaeat  and  sulphur  compounds  which  vitiate 
gas  from  coal.  Many  years  ago,  this  article  was  prepared  in  London;  it 
was  compressed  for  J  ho  use  of  I  tie  wnsumc.r  lulu  si  rong  iron  vesaeis,  to  the 
extent  of  ifO  atmospheres  :  those  wore  furtiishci.l  with  a  screw-valve  of  pe- 
culiar construction,  and  oxoluinfi'fifl  for  others  when  exhausted.  The  com- 
parative high  price  of  I  lit!  material,  and  other  circumstances,  led  to  the 
abandonment  of  the  undertaking.  On  tho  Continent,  gas  is  now  extensively 
prepared  from  wood. 

COMBUSTION,  AND  THE  STRUCTURE  OE  FLAME. 

When  any  solid  snbsfa.noo  capable  of  hearing  the  live  is  heated  to  a  cer- 
tain point,  it  emits  light.,  (he  elineaeicr  of  «  in- 1  depends  upon  the  tempera- 
ture. Thus,  a  bar  of  platinum  or  a  pioee  of  porcelain,  raised  to  a  particu- 
lar temperature,  becomes  what  is  called  roil-hot,  of  emissive  of  red  light: 
at  a  higher  degree  of  heat,  this  light.  beeo-nts  whiter  ntui  more  intense,  and 
when  urged  to  the  utmost,  as  in  the  ease  of  a  piece  of  lime  placed  in  the 
flame  of  the  oxyhydrogcu  blowpipe.  iao  liglil  becomes  exceedingly  powerful, 
and  acquires  a  lint  of  violet.  Bodies  in  those  states  are  said  to  be  mcan- 
detceit  or  ignited. 

Again,  if  the  same  exporimonl  bo  made  mi  a  piece  of  chareoal,  similar 
effects  will  be  observe:!;  l.ml  smuei  hiug  in  : i ■  I ■: J i I  ion  :  for  whereas  the  plati- 
num or  porcelain,  v.iion  re::>o\  e  L  from  I  ho  lire,  or  the  bine  from  the  blow- 
pipe flame,  begin  immediately  t.o  cool,  and  emit  levs  and  less  light,  until 
they  become  completely  obscure,  the  charcoal  maintains  nil  great  extent 
its  high  temperature.  Unlike  die  other  bodies,  too;  which  suffer  no  change 
whatever,  either  of  weight  or  substance,  flic  charcoal  gradually  wastes 
away  until  it  disappears.  This  is  ivhul.  is  called  ,"jm!iuniiim,  in  contradis- 
tinction to  mere  ignition  ;  the  charcniil  burns,  mid  its  temperature  is  kept 
up  by  the  heat  evolveil  in  [he  net.  of  union  with  the  oxygen  of  the  air. 

In  the  most  general  son  so,  n  body  in  a  state  of  combust  ion  is  one  in  the  act 
of  undergoing  intense-  ohcinical  action :  any  chemical  aciion  whatsoever,  if 
its  energy  rise  sutlieiomly  high,  may  produce  the  phenomenon  of  combus- 
tion, by  hmuiny  tin:  imih/  in  s'lrh  'in  ixirn.i  <!,.•! I.  i'.  /,-xnm-\i  luminous. 

In  all  ordinary  ca-es  of  ootuhii.-tioii.  the  notion  lies  between  the  burning 
body  and  the  oxygen  of  the  air  ;  and  since  the  materials  employed  for  the 
economical  production  of  heat  and  light  consist  of  carbon  chiefly,  or  that 
substance  conjoined  with  a  certain  proportion  of  hydrogen  and  oxygen,  all 
common  effects  of  this  nature  are  cases  of  flic,  rapid  and  violent  oxidation 
of  carbon  and  hydrogen  by  the  aid  of  the  free  oxygen  of  the  air.     The  heat 
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must  be  referred  to  the  act-  of  o h i> r 1 1 i < - : 1 1  union,  and  the  li jzlit.  to  the  elevated 

By  this  principle,  il  is  easy  to  umlerskiiid  the  menus  which  must  be 
adopted  lo  increase  the  limit  of  oi-.iiiiM  i  v  t,ies  to  tlm  point,  necessary  to  melt 
refractory  metals,  and  to  bring  about  cerium  desired  effects  of  chemical 
decomposition.  If  I  lie  rate  of  consumption  of  the  find  can  be  increased  by 
a  more  rapid  introduction  of  air  into  I  In'  In  limine;  mass,  the  intensity  of  the 
heat  will  of  necessity  rise  in  the  same  ratio,  the  quantity  of  heat  evolved 
being  fixed  and  definite  for  the  same  constant  qmmlity  of  chemical  action. 
This  increased  supply  of  air  may  he  ell'ecled  by  mo  distinct  methods:  it 
may  be  forced  into  the  fire  by  bellows  or  blowing  machines,  as  in  the  com- 
mon forge  and  in  the  blast  und  cupola- furnaces  of  the  iron-worker,  or  it 
may  be  drawn  through  the  burnine:  materials,  by  the  help  of  a  tall  chimney, 
the  fireplace  being  closed  mi  all  sides,  anil  mi  entrance  of  air  allowed,  save 
between  the  bars  of  the  grate.  Such  is  the.  kind  of  furnace  generally  em- 
ployed by  the  scientific  chemist  in  us-^iying  ami  in  Hie  reduction  of  metallic 
oxides  by  charcoal :  the  principle  will  lie  at  once  understood  by  the  aid  of 
the  sectional  drawing  ;  fL".  120),  in  which  a  cnieibJc  is  represented  arranged 
in  the  lire  lor  an  operation  Oi'  the  kind  mentioned. 

Fig.  121. 


The  "rev.erberatory"  furnace  (fig.  121)  is  one  very  much  used  in  the 
arts  when  substances  are  to  be  exposed  to  heat  without  contact  with  the 
fuel.  The  fire-chamber  is  separated  from  the  bed  or  hearth  of  the  furnace 
by  a  low  wall  or  brnh/t  of  brick-work,  and  (lie  name  and  heated  air  are  re- 
flected downward  by  the  arched  form  of  the  roof.  Any  degree  of  heat  can 
be  obtained  in  a  furnace  of  this  kind  —  from  the  temperature  of  dull  red- 
ness to  that  required  to  melt  very  lar^e  otianlitios  of  c:ist-iron.  The  fire 
is  urged  by  a  chimney  provided  wiih  a  sliding  plate,  er  damper,  to  regulate 
the  draught. 

Solids  and  liquids,  as  melted  metal,  possess,  when  sufficiently  heated. 
the  faculty  of  emitting  light:  the  same  power  is  exhibited  by  gaseous 
bodies,  but  the  temperature  required  to  render  a  gas  luminous  is  incom- 
parably higher  than  in  the  eases  already  described,      lias  or  vapor  in  this 
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condition  constitutes  flume,  'lie  actual  temperature  of  which  generally  ex- 
ceeds that  of  tlui  white  iit.it  of  solid  bodies. 

The  light  emitted  from  pure  flame  is  often  exceedingly  feeble ;  but.  the 
illuminating  power  may  in.!  immensely  increased  by  the  presence  of  solid 
matter.  The  flume  of  hydrogen,  or  of  the  mixed  gases,  is  scarcely  risible 
in  full  daylight;  in  a  dusty  atmosphere,  however,  it  becomes  much  more 
luminous  by  igniting  to  intense  whiteness  the.  floating  particles  with  which 
it  comes  in  contact.  The  pieee  of  lime  in  (he  blow- pi  no  flume  cannot  have 
a  higher  temperature  than  that  of  the  flame  itself;  yet  the  light,  it  throws 
tiff  is.  infinitely  greater. 

On  the  other  hand,  it  is  possible,  a  a  recently  pointed  out  by  Dr.  Frank- 
land,  to  produce  ven  bright  11m  r::in  in  w  Inch  mi  sol  iii  put'ticles  are  present. 
Metallic  arsenic  burnt  in  a  stream  of  oxygen  produces  an  intense  white 
flame,  although  "both  the  metal  itself  and  the  product,  of  its  combustion 
{arsenious  oxide)  are  gaseous  at  the  temperature  of  the  flame.  The  com- 
bustion of  a  mixture  of  nitrogen  dioxide  and  carbon  bisulphide  also  pro- 
duces a  dazzling  white  flame,  iviihoui  any  reparation  of  solid  matter. 

The  conditions  most,  essential  to  luminosity  in  a  flame  arc  a  high  tem- 
perature, and  the  presence  of  yeses  or  vapors  of  considerable  density.  The 
effeci  of  high  temperature  is  seen  in  the  greater  brightness  of'^he  llame 
of  sulphur,  phosphorus,  mid  indeed  all  substances,  when  burnt  in  pure 
oxygen,  as  compared  with  that  which  results  from  their  combustion  in  com- 
mon air ;  in  the  former  case  the  whole  of  the  substances  present  take  part 
in  the  combustion  and  generate  beat,  v.  here  as  in  t.lie  bitter  ilie  temperature 
is  lowered  by  the  presence  of  a  large  tjiiaui  try  of  nitrogen,  which  contrib- 
utes nothing  to  the  effect.  The  relation  between  the  luminosity  of  a  flame 
and  the  vapor-densities  of  il«  constituent  may  lie  seen  from  the  following 
table,  in  which  the  vapor-densities,  are  referred  to  that  of  hydrogen  as  unity. 

Relative   Densities  vf   Gaten  and   Vapors. 


Hydrogen,  ...  1 

Water 9 

Hydrochloric  acid   .  .  18J 

i.'arbon  dioxide    ...  22 

Jralpbur  dioxide        .  .  82 


Arsenious  chloride 
Phosphoric  oxide  . 
Metallic  arsenic  . 


A  comparison  of  these  numbers  slmv.-s  thai  the  brightest  (lames  are  those 
which  contain  the  densest  vapors.  Hydrogen  burning  in  chlorine  produces 
a  vapor  mere  than  twice  as  heavy  as  I  bar.  rest;!  tine:  from  its  combust  ion  in 
oxygen,  and  accordingly  the  light  produced  in  the  former  case  is  stronger 
than  in  the  latter ;  carbon  and  sulphur  burning  in  osygen  produce  vapors 
of  still  greater  density,  namely,  carbon  dioxide  and  sulphur  dioxide,  and 
their  combustion  gives  a  still  brighter  light  ;  lastly,  phosphorus,  which  has 
a  very  dense  vapor,  and  likewise  yields  a  product  of  great  vapor-density, 
burns  in  oxygen  with  a  brilliancy  which  ihe  eye  can  scarcely  endure. 
Moreover,  the  luminosity  of  a.  flame  is  increased  by  condensing  the  sur- 
rounding gaseous  atmosphere,  and  diminished  by  rarefying  it.  The  flame 
of  arsenic  burning  in  oxygen  maybe  rendered  quite  feeble  by  rarefying 
the  oxygen;  and  on  the  contrary  the  faint  flame  of  an  ordinary  spiril-lamp 
becomes  very  brig  lit  when  place  1  under  Ihe  receiver  of  a  condensing  pump. 
Frankland  has  also  found  that  candles  give  much  less  light  when  burning 
on  the  top  of  Mont  Blane  than  in  the  valley  below,  although  the  rate  of 
combustion  in  the  two  cases  is  nearly  Ihe  same.  The  effect  uf  condensa- 
tion in  increasing  the  brightness  of  a  ilitme  is  also  strikingly  seen  in  the 
combustion  of  a  mixture  of  oxygen  and  hydrugen,  which  gives  but  a  feeble 
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light  whon  burnt  under  tie  ordinary  ntmosuherie  pvessure,  as  in  the  oxy- 
bydrogen  blowpipe,  but  a  very  bvigln  Hash  w  lieu  e.s  ploded  in  the  Cavendish 
eudiometer  (p.  144),  in  which  the  wato.v-vn.piir  produced  by  the  combustion 
is  prevented  from  expanding. 

Flames  burning  in  the  air,  and  nol  supplied  with  oxygen  from  another 
source,  are,  as  already  slated,  hollow,  i.be  chemical  notion  being  necessarily 
confined  !o  the  spot  where  the  two  bodies  unite.  That  of  a 
lamp  or  candle,  when  carefully  examined,  is  seen  to  consist 
of  three  separate  portions.  The  dark  central  part,  easily 
rendered   evident    by  depressing   njuni    t.he  flame  a  piece  of 

fine  wire-gauze,  consists  el  combust ihh titer  drawn  up  by 

the  capillarity  of  the  wick,  ami  \  ohilili/ed  by  the  heat.  'litis 
is  surrounded  by  a  highly  hi ti drums  cone  or  envelope,  lvhieli, 
in  contact  with  a  oeld  body,  deposits  soot.  On  the  outside, 
a  second  cone  is  to  be  traced,  feeble  in  its  lielu-giying  ponor, 
but  having  an  exceedingly  high  temperature.  The  most 
probable  explanation  (if  these  appearances  is  as  follows: 
Carbon  and  hydrogen  are  very  unequal  in  their  attraction 
for  oxygen,  the  hitter  greatly  exceeding  the  former  in  this 
respect:  consequently,  when  both  tire  present,  and  the  sup- 
ply of  oxygen  limited,  Hie  hydrogen  tokos  up  the  greater  portion  of  the 
oxygen,  to  the  exclusion  uf  a  great  part  of  the  carbon,  Kow,  this  happens, 
in  the  case  under  consideration,  til  some  liMle  distance  within  the  outer 
surface  of  tho  flame  —  namely,  in  the  luminous  portion;  the  little  oxygen 
which  has  penetrated  thus  fur  inward  is  mostly  consumed  by  the  hydrogen, 
and  hydro  carbons  are  separated,  rich  in  carbon  and 
of  great  density  in  the   state   of  vapor  (naphthalene,  Fig.WZ. 

ehryseno,  pyrene,  etc. ).  These  hydro-carbons,  which 
would  form  smoke  if  they  uc.rr  cooler,  and  are  depos- 
ited on  a  cold  body  held  in  the  iliiine  in  the  form  of 
sool,s  become  intensely  igtiiicd  by  the  burning  hydro- 
gen, and  evolve  n  light  w  huso  whiteness  marks  a  very 
elevated  temperature.  In  tho  exterior  and  scarcely 
visible  cone,  these  hydro-carbons  undergo  combustion. 

A  jet.  of  coal-gas  evhibils  the  same  phenomena:  hut 
if  the  gas  be  previously  mingled  with  air,  or  if  air 
be  forcibly  mixed  with,  or  driven  into  the  flame,  no 
such  separation  of  carbon  occurs:  the  hydrogen  and 
carbon  burn  toyetlier,  forming  vapors  of  much  lower 
density,  and  the  illuminating  [cover  almost  disappears. 

The  common  mouth  blowpipe,  is  a  little  instrument 
of  great  utility;  it  is  merely  a  brass  tube  fitted  with 
an  ivory  mouthpiece,  and  terminated  by  a  jet  having 
a  small  aperture,  by  which  a  current-  of  air  Is  driven 
across  the  flame  of  a  caudle.  The  best  form  is  per- 
haps that  contrived  by  Mr.  Pepys,  and  shown  in  fig, 
123.      The  flame  so  produced  U  very  peculiar. 

Instead  of  the  double  envelope  just,  described,  two 
long  pointed  cones  aie  observed  (fig.  124),  which, 
whon  the  blowpipe  is  good,  and  the  aperture  smooth 
and  round,  are  very  well  defined ,  i  he  outer  cone  being 
yellowish  and  the  inner  blue,    A  double  combustion  is,  tsJ 

in  fact,  going  on,  by  the  blast  in  the  inside,  and  by  the 

external  air.      The  space  between   the   inner  and  outer  cones  is  filled  with 
exceedingly  hot  combustible  mutter,  possessing  si  rung  reducing  or  deoxidiz- 
ing powers  ;  while  the  highly  healed  air  just  beyond  the  point  of  the  exterior 
*  Soot  is  mil  [litre  .'(irlion.  lint  a  mis-lure  of  Sieiu'v  hydro-carbons. 
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.cility,  A  small  portion  of  rnsLi i «p,  supported  on  ti- 
ll a  ring  sit  the  end  of  a  lino  platinum  i>ire,  ca-n  thus 
in  an  instant  bo  exposed  10  a  very  high  degree 
of  heat  nuclei'  these  conl  ranted  circiinislanccs, 
and  obscr nations  (if  great  value  made  in  a.  very 
short  time.  The  use  of  rlie  instrument-  requires 
an  oven  and  uninterrupted  Mas!  of  some  dura- 
tion, by  a  method  easily  acquired  with  a  little 
patience:  it  consists  in  employing  for  the  pur- 
pose Lite  inuscms-  ol'  the  cheeks  alone,  respira- 
tion lining  conducted  through  ihe  nostrils,  and 
the  month  from  lime  to  lime  replenished  with 
air,  without,  intermission  of  i.lic  blast. 

The  Argand  lamp,  adapted  tu  hum  either  oil 
or  spirit,  but. especially  the  latter,  is  a  very  useful  piece  of  chemical  appa- 
ratus. In  this  lamp  the  wick  is  cylindrical,  the  fiame  being  supplied  with 
air  both  inside  and  outside ;  the  combustion  is  greatly  aided  by  the  chim- 
ney, which  is  made  of  copper  when  the  lump  is  used  us  a  source  of  heat. 

Fig.  125  exhibits,  in  section,  an  excellent  lamp  of  (his  kind  for  burning 
alcohol  or  wood-spirit.      It.  is  constructed  of  thin  copper,  and  furnished  with 

'o  the  wieh-hohlcr  and  aperture,*  by  idiicli  the  spirit  ia  intro- 

Fig.  125.  Fig.  120. 


geound  c- 


ducod,  in  order  to  prevent,  loss  when  the  lamp  is  not  in  use.  Glass  spirit- 
lamps  (fig.  126),  fitted  with  caps  to  prevent  evaporation,  are  very  convenient 
for  occasional  use.  being  always  ready  and  in  order. f 

In  London,  and  oilier  largo  towns  ivhere  coal-gas  is  to  be  had,  it  is  con- 
stantly used  with  Hie  greatest  economy  and  advantage  in  every  respect  as 
a  source   of  heat.      Ilcto.ri.s,  flasks,  capsules,  and  ol  her  vessels,  can  be  thus 

open,  otherwise  am  icddenl  ta  -in    i-  hagnen; 

s]  Irlt  li  ton    I    !■■  It  ,1  stab  of  Inflammation. 

t|A    i!i..ii:i!'n-ii(i,iu   ill"   lin-   Arpiaul    lain],   n.ii- 
trlTed  try  tha  l»tc  Prote*  ■  .!.  K,  KiWbel 

lui.slii'arlv  Vn!  I,v  Iku  ,ini-.  ,;i.  ,:f  :i  i  i  '.ilu-.iv, 
j'!i«s!,:iJ  l-.-tuis:li  i!.  null  the  lieilv  of  till'  liiriia. 
"  It  is.  ni,u];:ut'  I it-i-ih-iL  ii-. ,11 .  "J" 1 1 -■  ■l!---- :]l'^J  i-z  l-.-iili'-'l 
oat  I  .>■  lining  of  the  lioliiiv.-  hniiiSln.  unit  ii  ad- 
lliilli':!  U>  I  In,  rylllul:!.:'!  Iihiii.t  hy  twu  vy  t.lir"" 
tnl.es  v.hirli  nre  |  ill,  .a- il  nt  th"  vitv  retinal  of  tliu 
fountain.    By  Kuril  nil  iiitiim^iiim'oi  ol  pints,  ihu 

lllriilnit  limy  fe  ;u]:?:\l  ,-.-.  II   i-  .niisar :.;iiul  l In, 

"■"-li  la-j.|.  iiiiifin-jlii  mill  Mil  lre:i.i|ii:..  i'  lii.  U  lin-" 
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exposed  to  an  racily  rognbtic:!  and  invariable  temperature 
give  hours.      Small  platinum  crucibles  tnay  be  ignited  l.o  r 
them  over  the  flame  on  a  Utile  wive  triangle.      The  arrange 
fig.  127,    consisting   of   a   common   Arguml    gas-burner 
fiiud  on  a   heavy  and  low  fuel,   and   connected   with  a 
flexible  luhi!  of  caoutchouc  or   other  material,  is  very 

A  higher  temperature,  and  perfectly  smokeless  flame, 
i*.  however,  obtained  by  hurtling  Hie  gas  previously 
mixed  with  air.  Such  a,  flame  is  easily  produced  by 
placing  a  cap  of  wirc-gau/.o  on  flic  chimney  of  the  Ar- 
gand  burner  just,  described,  mid  spuing  Are  to  the  gas 
above  the  wire-gauze.  The  flame  does  nor,  penetrate 
below,  but  fin:  gas  in  passing  up  iho  chimiiej;  becomes 
mixed  with  air.  ami  this  mixture  burns  above  the  cap 
Willi  a  blue,  smokeless  flame. 

Another  loud  of  Vintner  for  producing  n  smokeless 
flame  htm  boon  contrived  by  Professor  liunsen,  and  is 
now  very  generally  used  in  chemical  laboratories.     In 

this  burner  (fig.  129)  the  gas,  supplied  by  a  flexible  lube,  t,  passes  through 
a  sol  of  small   holes  imo  the  box  at  n.  in  which   it.  mixes  with  atmospheric 
air  entering  freely  by  a  number  of  iiolcs  near  the 
top  of  the  box.      The  gaseous  mixture  p.isses  up  the  Fig.  VS. 

tube  h,  and  is  inflamed  at  Hie  lop,  where  it  hurna 
with  a  tall,  blue,  smokeless  flame,  giving  very  little 
light,  but  much  heat.  By  arranging  two  or  more 
such  tubes,  together  with  an  air-box  containing  a 
sufficient  number  of  holes,  a  very  powerful  burner 
may  be  constructed. 

Considerable  improvements  in  ibis  form  of  burner 
have  been  made  by  .Mr.  tlrilliri,  who  has  also  con- 
structed, on  the  same  principle,  powerful  gas-fur- 
na.oes.  affording  heal  sufficient  for  I  lie  decomposition 
of  silicates,  and  the  fusion  of  considerable  ipianiilies  of  copper  or  iron.* 
The  principle  of  burning  a  mixture,  of  gas  and  air  is  also  applied  in  Ilof- 
mann's  gas-furnace  for  organic  analysis,  which  "ill  be  described  under  Or- 
gan:c  Chemistry. 

The  kindling-point,  or  temperature  at  which  eomlnislion  commences,  is 
■very  different,  with  different  substances  :  phosphorus  will  sometimes  take  fire 
in  the  hand;  sulphur  requires  a  temperature  exceeding  that  of  boiling 
water;  charcoal  must  be  heated  to  redness.  Among  gaseous  bodies  the 
same  fact  is  observed:  hydrogen  is  inflamed  by  a  red-hot  wire;  light 
carbonetted  hydrogen  requires  a  while  heat  ro  effect  the  same  thing.  When 
flame  is  eooled  by  any  means  below  the  lempcraruro  at  which  the  rapid 
osidatton  of  the  combustible  gas  occurs,  it.  is  at  once  extinguished.  Upon 
this  depends  the  principle  of  Sir  .(!..  l)avy\s  invaluable  safety-lantp. 

Mention  has  already  boon  made  of  the  frequent  disengagement  of  great 
quantities  of  light,  carbonetted  hydrogen  gas  in  coal-mines.  This  gas, 
mixed  with  seveti  or  eight  times  its  volume  of  atmospheric  air,  becomes 
highly  explosive,  taking  Sire  ai  a  light  and  burning  with  a  pale-blue  flame  ; 
anil  many  fearful  accidenls  have  occurred  from  Hie  ignition  of  large  quan- 
tities of  mixed  gas  and  air  occupying  the  extensive  galleries  and  workings 
of  a  mine.  Sir  11.  Davy  underiock  :m  invesligaiion  wii  h  a  view  to  discover 
some  remedy  for  ibis  con.-lantiy  occurring  cahiinity:  his  labors  resulted  in 
some  exceedingly  important  discoveries  respecting  Hume,  which  led  to  the 
construction  of  the  lamp  which  hears  his  name. 
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When  two  vessel?  filled  with  a  gaseous  explosive  mixture  are  connected 
by  a  narrow  tube,  and  ids  contents  oJ"  une  I'ueil  by  the  electric  spark,  or 
otherwise,  the  flame  is  no:  communicated  to  tin-  other,  provided  the  diameter 
of  the  tube,  its  length,  and  the  cond  acting  pir.vet'  for  I  mat  of  its  material, 
bear  a  certain  proportion  to  each  oilier;  tint  flame  is  extinguished  by  cool- 
ing, and  its  transmission  i-oji.lc-i-fjtl  impossible. 

In  this  experiment,  high  conducting  power  and  diminished  diameter 
compensate  for  diminution  in  length;  and  to  such  an  extent  can  this  he 
carried,  that  metallic  gauze,  which  mjiy  be  looked  upon  as  a  series  of  very 
short  square  tubes  arranged  side  by  side,  when  of  soilieient  degree  of  fine- 
ness, arrests  in  the  most  coniplele  iiijimcr  ibc  passage  of  flame  in  explosive 
mixtures  depending  upon  tlic  iiifkninmbUity  of  the  gas.  Now  the  fire-damp 
mixture  has  ail  exceedingly  bigh  k  ii-ni  ]  i  )i  <r  ]  .1 .  i  tli  :  a  led  heat  does  not  cause 
inflammation  ;  consequently,  the  gan;e  will  bo  safe,  for  this  substance,  when 
flame  would  pass  in  almost  any  other  ease. 

The  miner's  safely    lamp  is  merely   an  ordinary   oil-lamp,  the  flame  of 

which  is  eue'.o.-oil  in  n  cnge  of  wirc-gaa/c,  made  donate  at  the  upper  part, 

Fig.  130.  Fig.  131. 


containing  about  400  aperi ores  to  the  square  inch.  The  tube  for  supplying 
oil  to  the  reservoir  reaches  nearly  to  ino  bottom  of  the  latter,  while  tho 
ivick  admits  of  being  trimmed  by  a  bent  "ire  passing  ivii.li  friction  through 
a  small  tube  in  the  body  of  the  lamp.;  the  flame  can  (litis  be;  kept  burning  for 
any  length  of  time,  without  the  necessity  of  unscrewing  the  cage.  When  this 
lamp  is  taken  into  an  explosive  atmosphere,  itliliongli  the  tire-damp  may  burn 
witllin  the  cage  with  such  energy  as  s.niielimes  to  heat  the  metallic  tissue 
to  dull  redness,  the  tl:ime  is  not  communicated  to  I  ho  mi  sture  on  the  outside. 
These  effects  may  bo  conveniently  studied  by  suspending  tho  lamp  in  a 
large  glass  jar,  ami  gradually  admitting  coal-gas  below-.  The  oil-tlame  is 
at  first  elongated,  and  then,  as  the  proportion  of  gas  increases,  extin- 
guished, while  tho  interior  of  flic  gai.w  cylinder  becomes  tilled  with  the 
burning  mixture  of  gas  and  air.  As  the  atmosphere  becomes  purer,  the 
wick  is  onoe  more  relighted.      These  appearances  are  so  remarkable  that 
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the  lump  becomes  an  admirable  indicator  of  11m  stale  of  the  air  in  different 

The  same  great  principle  bus  been  ingeniously  applied  by  Mr.  Hemming 
to  the  construction  of  the  nxy- hydrogen  safely -jo  I  in: lore  mentioned.  This 
ia  a  tube  of  brass  ui.wu!  tour  inehes.  long,  filled  with  strain!] t  pieces  of  fine 
brass  wire,  the  whole  being  tightly  wedged  logethor  by  a  pointed  rod,  for- 
cibly driven  into  tin;  centre  of  the  bundle.  (  lig.  ISl.  j  'flic  arrangement  Ihus 
presents  a  series  of  metallic  tubes,  very  long  in  proportion  to  their  diam- 
eter, the  cooling  powers  of  which  are  ho  groat  as  to  prevent  the  possibility 
of  the  passage  of  flume,  even  wit  It  oxygen  and  hydrogen.  Tho  jet  may  be 
used,  as  before  mentioned,  with  a  common  Holder,  without  a  chnnoe  of 
explosion.  The  fundiimcuuil  fact,  of  flame  being  extinguished  by  contact 
with  a  cold  body,  may  be  elegantly  shown  by  twisting  a  copper  wire  into  a 
short  spiral,  about  0-1  inch  in  diameter,  and  then  pushing  it  toM  over  the 
flame  of  a  wax  candle;  the  latter  is  extinguished.  If  the  spiral  be  now 
heated  to  redness  by  a  spirit-lamp,  and  the  experiment  repeated,  no  Such 
effect  follow  a. 
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This  substance  is  a  mern bar  of  a  very  important.  Tiaturnl  group,  containing 
also  iodine,  bromine,  and  fluorine,  fio  groat  :i  degree  of  resemblance  exists 
between  these  bodies  in  nil  the;r  chemical  rclnlions,  especially  between 
chlorine,  bromine,  and  iodine,  (1ml  tin:  bislory  of  one  will  almost  servo, 
with  a  few  little  alterations,  for  that  of  the  rest. 

Chlorine  t  is  a  very  abundant,  substance:  in  common  salt  it  exists  in  com- 
bination with  sodium.  It  is  most  easily  prepared  by  pouring  strong  hy- 
drochloric acid  upon  finely  pn'.vdcred  bUch  oxide  of"  manganese  contained 
in  a  retort  or  flask,  ami  upplyiug  ,i  gentle  heat ;  a  heavy  yellow  gas  is  dis- 
engaged, which  is  the  substance  in  question. 

It  may  be  collected  over  warm  water,  or  by  displacement:  the  mercurial 
trough  eannotbe  employed,  as  the  chlorine  rapidly  acts  upon  the  metal,  and 
becomes  Libsorbed. 

The  reaction  is  very  easily  explained.  Hydrochloric  acid  is  a  compound 
of  chlorine  and  hydrogen:  when  this  is  mixed  with  n  metallic  monoxide, 
doublo  interchange  of  elements  take-  pkice,  «  ater  anil  chloride  of  the  metal 
being  produced.  But  when  some  of  the  iV.iKi-i.ik'  lire  substituted,  an  addi- 
tional etfect  ensues  — namely,  the  decomposition  of  a  second  portion  of 
hydrochloric  acid  by  ihe  oxygen  in  excess,  the  hydrogen  of  which  is  with- 
drawn and  .the  chlorine  set  free 
Ilydiwhb 
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Chlorine  was  discovered  by  ^clieele  in  177-1,  bur.  its  nature  was  long  mis- 
understood.     It  if  a  yellow  gaseous  body,  of  iiii  etlfi-ably  suffocating  proper- 
ties, producing  very  violent  congli   ami  irritation  v,  lieu  inhaled  even  in  ex- 
ceedingly small  quantify.      It  is   soluble   io  h  considerable  extent  in  water, 
that  liquid   absorbing  a.t  lo-o"  ((it)'  F.),  about  twice  its 
Fiff.1S2.  volume,  mill  acquiring  the  color  and   odor  of  lie  gas. 

When  rbis  tfoliiT.LH.ui  is  >■  >:pii^(vi  to  light,  ii  is  slowly 
elinuged.  by  decomposition  of  wa.tor,  ijiio  h vil i-i.-cliloi-lt; 
iici'.l,  [he  oxygen  being  at.  I.iio  same  time  liberated. 
When  moist  chlorine  gas  is  exposed  Ui  a  eoh!  of  It", 
yellow  erysta's  are  formed,  which  consist'  of  a  definite 
compound  of  chlorine  and  water,  containing  3-j-ii  pans 
of  the  former  to  00  of  the  latter. 

Chlorine  has  a  specific   gravity  (if  2-47;  a  litre  of  it 
weighs  od7;il  1-  grams  ;    exposed  to  a  pi  ensure  of  about 
four  atmospheres,  it  condenses  to  aycllow  limpid  liquid. 
Chlorine  has  In  it  Liitlo  nltrn.etioji  for  ox\  ;:ti;,  i:s  client- 
ji.jil   ,.in'i'«ies   beio;;   prim:1, pally  I'Si'rln!    1  owavds  hydro- 
gen  and  the  metals.      A  lighted  Iriju'i-  plunged  into  tins 
,    gas,  continues  to  burn  with  a  dull-red  light.,  ami  omits 
a  largo  quantity  of  smolte,   Iho  hydrogen  of  the  was 
being  alone  cutisuntei.t,  anil  the  carbon  separated.      If  a 
piece   of  paper   lie  wetted   with   oil   of  turpentine,  and 
thrust  into  a  bottle    tilled  with   chlorine,  the   cheraical 
tion  Of  the  latter  upon  the  hydrogen  is  so  violent  as 
cause  in  Ram  m  atio  n,  accompanied  by  a  copious  deposit 
soot.     Although  chlorine  can,  Ijy  indirect  means,  be 
wle  to  combine  with    carbon,  yei  this  never  occurs 
.der  the  circumstances  described. 

■e  spontaneously  in  chlorine,  burning  with  a  pale  and 
Several  of  the  metals,  as  copper  lent',  powdered 
nic,  undergo  cr. robust  ion  in  the  same  manner.  A  mix- 
n-es  of  chlorine  and  hydrogen  oxpo'odos  with  violence  un 
electric  -.park,  or  on  the  application  of  a  lighted  l:i]'ir. 
;.'ts  being  formed.  Such  a  niixrurc  may  ho  retained  in 
logth  of  time  without  change;  exposed  to  dilfnsc  day- 
i  slowly  unite,  while  the    direct  rays  of  the  sun  induce 

eristic  property  of  chlorine  is  its  bleaching  power:  the 
;  coloring  principles  are  instantly  decomposed  and  de- 
oy  tins  remarkable  ngoni:  indigo,  for  example,  which  resists  the 
'  strong  oil  of  vitriol,  is  concerted  by  chlorine  into  a  brownish  sub- 
o  which  l.be  bloc  color  cannot  be  restored.  The  presence  ofwat.tr 
is  essential  to  these  changes.  Cor  the  gas  in  a  state  of  perfect  dryness  is 
incapable  even  of  affecting  litmus. 

Chlorine  is  largely  used  in  the  a.rls  for  blenching  linen  and  cotton  goods, 
rags  for  the  manufacture  of  paper,  kc.  For  Ihesc  purposes,  it.  is  employed, 
sometimes  in  the  state  of  ga.s,  sometimes  in  thai  of  solution  in  water,  but 
more  frequently  in  combination  with  lime,  forming  the  substance  called 
bleaching- powder,  When  required  in  large  q mini  ii  ics,  it.  is  often  made  by 
pouring  slightly  diluted  oil  of  vitriol  upon  a  mixture  of  common  salt  and 
manganese  oxide  contained  in  a  large  leaden  vessel.      The  decomposition 
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Chlorine  is  one  of  the  best  nml  most  pobmt  si:bsiuucos  that  can  be  used 
for  tlic  purpose  of  disinfection,  bin  iis  employment,  requires  tare.  Bleaeh- 
ing-powder  mixed  u--ir.li  wnic-r,  nml  exposed  10  the  air  in  shallow  vessels. 
becomes  slowly  decomposed  by  the  carbonic  acid  of  riie  atmosphero,  ami  the 
Chlorine  is  evolved:  if  a  more  vapid  disengammmnL.  lie  wished,  a  little  acid 
of  any  kind  may  be  added.  In  the  absence  of  blenching-powder,  either  of 
the  methods  for  ilio  production  of  Hie  gas  dcseiibed  may  be  had  recourse 
to,  always  taking  care  to  avoid  an  excess  of  acid. 

HydkoiienCht.otijdh  ;  H  v  i>  noon  loci  o.  Cui.niiiivnEin,  oi:  Muiuatic  Aran. — ■ 
This  substance,  in  a  state  of  solution  in  waicv,  lias  been  long  known.  The 
(fas  is  prepared  wit.li  the  utmost  ease  l.iy  bearing  in  a  liask  fitted  with  a 
cork  and  bent  tube,  a  mixture  of  common  sa.ll-  mid  oil  of  vitriol  diluted  with 
a  small  quantity  of  witiev:  it  must  he  collected  by  displacement,  or  over 
mercury.  It  is  a  colorless  gas,  which  f es  strongly  in  [lie  air  from  con- 
densing the  atmospheric  moislure  :  it  has  mi  acid,  suffocating  odor,  hut  is 
much  less  offensive  than  chlorine.  .Kxposeil  to  :i  pressure  of  40  atmospheres, 
it  liquefies. 

Hydrochloric  acid  gas  kiss  a  density  of  1  -2V>  compared  with  air,  or  18-25 
compared  with  hydrogen  us  unity.  It  is  exceeding!  ■,  soluble  in  water,  that 
liquid  taking  up  ar.  the  temporal  urc  of  the  air  about  413  times  its  bulk. 
T!u;  gas  and  solution  are  powerfully  acid. 

The  action  of  oil  of  vitriol  on  common  suit,  or  any  analogous  substanee, 
is  thus  easily  explained:  ■}■ 

Sodta 


-  Sodium  sulphate. 

The  composition  of  '.his  substance  umy  be  determined  by  synthesis:  when 
a  measure  of  chlorine  and  a  measure  of  hydrogen  arc  liret.l  by  the  electric 
spark,  two  measures  of  hydrochloric  acid  gas  result.  Hie  combination  being 
unattended  by  change  of  volume.  By  weight  it  contains  85-5  parts  of 
chlorine  and  1  part  of  hydrogen. 

Solution  of  hydrochloric  acid,  the  liquid  u.cid  of  commerce,  is  a  very  im- 
portant preparation,  a.ud  of  extensive  use  in  chemical  pursuits:  it  is  best 
prepared  by  r iio  following  acrangement:  — 

A  large  glass  II ask.  containing  a  quantity  of  common  salt,  is  fitted  with  a 
cork  and  bent  tube,  in  the  manner  re  pee  son  ted  in  tig.  lo2:  this  tube  passes 
through  and  below  a  second  short  tube  inio  a  wide-nocked  buttle,  containing 
a  little  water,  into  which  the  open  tube  dips.  A  bent,  tube  is  adapted  to 
another  hole  in  the  cork  of  (lie  wash-bottle,  so  as  to  convey  the  purified  gaa 


'<UW«,  4 


f      SSnCI 

ebi.'riX. 


Clonic 

-  3 „ ; 

w£ 

BOJJg, 

--       SOU; 


,  by  Google 


182  CHLORINE. 

into  a   quantity  of  distilled  water,  by  which  it  is  instantly  absorbed:  the 
joints  aro  made  ait'-tight  by  mcltiiiir  a  iiule  yellow  ivn  over  the  corks. 

A  quantity  of  oil  of  vitriol,  about  equal  in  weight  to  the  salt,  is  lb  on  slowly 
introduced  by  the  funnel:  the  disengaaod  gas  is  at.  first  wholly  absorbed  by 
the  water  in  the  wash-bottle,  but  when  [his  becomes  saturated,  it  passes 
into  tho  second  vessel  and  there  dissolves.  When  nil  the  aeid  has  been 
added,  heat  may  be  applied  to  the  flask  by  a  charcoal  chauffer,  until  its 
contents  appear  nearly  dry,  and  I  lie  eve! u! ion  of  pas  almost  ceases,  when  ilie 
process  .may  lie  stepped.  Ah  much  Ileal  is  given  out  ihnoiig  the  u.imknsn- 
tioii  of  the  gas.  il  is  necessary  lu  surround   the   condensing  vessel  with  cold 


The  siraple  wash-bottle,  shown  in  the  last  figure,  will  ho  found  on  ex- 
ceedingly useful  contrivance  in  a  great  number  of  chemical  operations.  It 
serves  in  the  present,  and  in  many  similar  eases,  to  retain  any  liquid  or 
solid  matter  mechanically  carried  over  with  the  pas.  and  it  may  be  always 
employed  when  a  gas  of  imv  kind  is  to  be  passed  through  an  alkaline  or 
other  solution.  The  open  lobe  diluting  into  the  liquid  prevents  the  pos- 
sibility of  absorption,  by  which  a  nart.iat  vacuum  would  lie  occasioned,  and 
the  liquid  of  the  second  vessel  lost  by  being  driven  inlo  the  first.  ^ 

The  arrangement  by  which  I  lie  acid  is  in  i  reduced  nNn  deserves  a  moment  s 
notice.  The  tube  is  bent  twice  upon  itself,  and  a.  bull)  blown  in  one  portion: 
the  liquid  poured  into  the  funnel  rises  upon  the  opposite  side  of  the  first 
bend  until  it  reaches  tho  second;  it.  then  fiows  over  and  runs  into  the  flask. 
Any  quantity  can  then  lie  got  into  I  he  latter  wit  bom  the  introduction  of  air, 
and  without  the  escape  of  gas  from  the  interior.  The  funnel  acts  also  as 
a  bind  of  safety-valve,  and  in  both  directions;  for  if  by  any  chance  the 
delivery-tube  should  be  stopped,  and  the  issue  of  gas  prevented,  its  in^ 
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creased  elastic  force  soon  drives  the  little  column  of  liquid  out  of  the  tube, 
the  gas  escapes,  arid  (lie  vessel  in  saved.      On  th«  other  hand,  any  absorp- 
tion within  is  quickly  compensated  by  (lie  entrance  of  air  through 
the  liquid  in  (iie  bulb.  ^' 1Ml 

The  plan  employed  on  t!ie  largo  scale  by  (lie  manufacturer  is  the     fS 
same  in  principle  as  thai  described ;    lie  merely  snbii.ii.»t.es  a  large      \f 
iron  cylinder,  or  apparai  us  made  of  lend,  for  the  flask,  nnd  vessels 
of  stoneware  i'or  those  of  glass. 

On  dia tilling  an  aqueous  solution  of  hvdroehlorie  acid,  an  acid 
is  produced  boiling  at  1  10"  I'ilUP  !■'.)  which  contains  20 -^  par  cent, 
of  anhydrous  hydrochloric  acid  :  si  more  concculratetl  solution 
when    halted  (jives  oil'  hydrochloric  acid   gas;   a   weaker  solution 

loses  water,      Kosooc  au'l  Ui ai'  have  proved  that  the-  composition 

of  (he  distillate  varies  with   the   atmospheric    pressure;   it  cannot, 
therefore,  be  viewed  as  :i  chemical  compound. 

Pure  solution  of  hydrochloric  aiiid  is  transparent  and  colorless: 
when  strong.  It  fumes  in  the  air  by  evolving  a  little  gas.  It  leaves 
no  residue  on  evaporation,  and  gives  no  precipitate  or  opacity  with 
diluted  solution  of  barium  chloride.  When  saturated  with  the  gas, 
it.  lias  a  specific  gravity  of  1  'i!,  nuil  com  ait)  s  about  ££  per  mil,  of 
real  acid.  The  eommereial  aciil,  which  is  obtained  in  immense 
quantity  as  a  secondary  product  iu  the  manufacture  of  sodium  sulphate  by 
the  action  of  sulphuric  acid  upon  common  salt,  has  usually  a  yellow  color, 
and  is  very  impure,  coniaiuing  -.ills.  sulphuric  acid,  eiiloi-ide  of  iron,  and 
organic  matter.  It  may  be  rendered  sufficiently  pure  for  most  purposes  by 
diluting  it  to  the  density  of  l'l,  which  happens  when  the  strong  acid  is 
mixed  with  its  own  luilk  or  rather  less  of  water,  and  then  distilling  it  in 
a  retort  furnished  with  a  Licbig's  condenser. 

A  mixture  of  nitric  and  hydrochloric  acids  has  long  been  known  under 
the  name  of  aqua-  -r>yi:t,  from  lis  properly  of  dissolving  gold.  When  these 
two  substances  are  heated  Loire!  her.  ( liey  bol  li  undergo  decomposition,  nitro- 
gen ieti'o\-ide  and  chlorine  i.ieiag  evolved.  This,  al  least,  appears  to  be  the 
final  result  of  the  action:  at  a  certain  stage,  however,  two  peculiar  sub- 
stances, consisting  of  nil  rogon,  oxygon,  and  ciilorino  (ohloronili-ic  acid  gas* 
and  chloronitrous  gas  ■}■),  appear  to  be  formed.  I.i  is  only  ilie  chlorine  which 
attnuku  'In:  metal. 

The  presence  of  hydrochloric  ucid,  or  any  other  soluble  chloride,  is  easily 
detected  by  solution  of  silver  nitrate.  A  white  curdy  precipitate  is  pro- 
duced, insoluble  in  nitric  acid,  freely  soluble  in  ammonia,  and  subject  to 
blacken  by  exposure  to  light. 

Oxides  and  Ozac.h  of  Cldori u«. 
There  are  four  oxacids  of  chlorine,  which  may  be  regarded  as  oxides  of 
hydrochloric  acid;   thus: 

Composition  hy  weight.]: 

Chlorine       Hydrogen.      Oxygen. 
Hydrochloric  acid  .         .         .         35-5     -|-       1 

Ikpoeolorous  acid     ....      35-5     -L        1       +       IB 
Chlorous  acid  ....  85-5     -f        1       +       82 

Chloric  acid 85-G     4-       1       -\-      48 

Perchloric  acid    . .         .         .         .         35'5     +1       +       6* 


.    ClHOj 
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'[■ho  anhydrous  ciilorini;  :.  sides  coviospiiin'iingtoliypochbir 


.     .     .  35-5     -j-     35'5     +    48 
Also  an  oxide  to  which  there  is  no  corresponding  acid,  namely:  — 

Chlorine.  Oxygon. 

Chlorine  tetruxido  .  .  .  .  2   X    35-6     +     64 

The  oxides  corresponding  i  a  chloric  si  in!  perchloric  acid  have  not  been  ob- 
tained. 

Hypochloroiis  and  chloric  acids  are  produced  by  tlio  action  of  chlorine  on 
certain  metallic  onirics  in  presence  of  water;  Iiypochlorous  and  chlorous 
acids  also  by  direct  oxidation  of  hydrochloric  acid.  Perchloric  acid  and 
chlorine  telroxirio  j-tiauH  from  Ilic  ricooinpnsHion  of  chloric  ncid. 

Hyfochlokous  Oxn»i.  Auji>,  an'u  Salts.  —  The.  oxide  is  best  praparcd  by 
the  action  of  chlorine  gas  upon  dry  mercuric  oxide.  This  oxide,  prepared 
by  precipitntiuri,  mid  dried  by  exposure  in  a  si  rone;  Lent,  is  introduced  into 
a  glass  tube  kepi  cool  and  well  washed,  dry  chlorine  gus  is  slowly  passed 
over  it.  Mercuric  chloride  arid  hypochloroiis  oxide  are  thereby  formed; 
the  latter  is  col  lectin.!  by  displacement-.  The  reaction  by  which  it  is  pro- 
duced may  be  thus  illustrated: 

Chlorine • .  — =_    Hypoehloroua  oxide. 

Mercuric     /  Mercury  _^ 

oxide      \  Oxygen     ->^::~— . ^_ 
Chlorine ■ — — — — —  ■   Mercuric  chloride,  f 

The  mercuric  chloride,  however,  does  not  remain  as  such;  it  combines 
with  another  portion  of  Hie  oxide  when  (he  hitter  is  in  excess,  forming  a 
peculiar  brown  compound,  an  osychhiride  of  mercury.  It  is  remarkable 
that  the  crystalline,  mercuric  oxide  prepared  by  calcining  the  nitrate,  or  by 
the  direct  oxidation  of  ilic  metal,  is  scarcely  acted  upon  liy  chlorine  under 
I  he  circumstances  described. 

Hypochlorous  vwle  is  a  pale-yellow  gaseous  body,  containing,  in  every 
two  measures,  two  measures  of  chlorine  and  one  of  oxygen,  and  is  there- 
fore analogous  in  constitution  to  water.  If  explodes,  although  with  no 
great  violence,  by  slieht  elevation  of  temperature.  Its  odor  is  peculiar, 
and  quite  different  from  that  of  chlorine,  When  the  flask  or  bottle  in 
which  the  gas  is  received  is  exposed  to  artifioial  cold  by  the  aid  of  a  mix- 
ture of  ico  and  salt,  the  hypochloroiis  oxide  condenses  to  a  deep-red  liquid, 
slowly  soluble  in  water,  and  very  subject  to  cxplosion.J 

Hijpochlorous  acii!  is  produced  by  Hie  solution  of  liypoohlorous  oxide  in 
water;  also  by  passing  air  saturate:!  with  hj  ilroehloric  acid  gas  through  n 
solution  of  potassium  po.rinanjiiiuaio  acidulated  with  hydrochloric  aeid  and 
heated  in  a  water  baili :  ilic  distillate  is  a  solution  of  hypochloroiis  acid, 
formed  by  oxidation  of  the  hydrochloric  aeid;  thirdly,  liy  riecornpnsiiiL'  a 
metallic  hypochlorite  with  sulphunc  aciil  or  oilier  oxacid;  fourthly,  by 
passing  chlorine  gas  int.o  wafer  holding  in  suspension  a  solution  containing 
metallic  oxides,  hyd rales,  carbonates,  sulphates,  phosphates,  &e,,  the  most 

Chlorine1  trloitde cJchloro^  oSdB       ..'.■.'.'.    Ofo 
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advantageous  for  the  purpose  being  mercuric  oxide,  or  calcium  carbonate 

(chalk).* 

The  aqueous  solution  of  hypochlorous  acid  has  a  yellowish  color,  an  acid 
taste,  and  a  characteristic  sweetish  smell.  The  strong  acid  decomposes 
rapidly  even  when  kept  in  ice.  The  dilute  acid  is  move  stable,  "but  is  de- 
composed by  long  boiling  into  chloric  acid,  wa.tcv,  chlorine,  and  oxygen. 
Hydrochloric  acid  decomposes  it.  with  formation  of  chlorine. -f-  It  is  a 
very  powerful  bleaching  and  oxidising  astern,  enlivening  many  of  the  ele- 
monts  —  iodine,  selenium,  and  arsenic,  tor  example  —  into  their  highest 
oxides,  and  at  the  same  time  liberating  chlorine. 

MutiiUk  h/poe!dori'cs  may  be  obtained  in  the  pure  state  by  neutralizing 
hypoehlorous  acid  wii.ii  metallic  hydrates,  such  as  those  of  sodium,  cal- 
cium, Copper,  &c. ;  but  they  are  usually  prepared  by  passing  chlorine  gas 
into  solutions  of  alkalies  or  alkaline  carbonates,  or  over  the  dry  hydrates 
of  the  earth-metals  — dry  slaked  lime,  for  example.  In  this  process  a 
metallic  chloride  is  formed  at  the  same  lime.;:;  The  salts  thus  obtained 
constitute  the  blenching  and  disinfecting  soils  of  commerce.  They  will  be 
more  fully  described  under  the  head  of  calcium  salts. 

Chlohohs  Oxide,  Acid,  and  Salts.  —  The  oxide  is  prepared  by  heating 
in  a  flask  tilled  to  the  neck,  a,  mixture  oi"  i  parts  of  potassium  chlorate 
and  3  parts  of  arsenious  acid,  or  oxide,  with  )2  parts  of  nitric  acid  pre- 
viously diluted  with  ■!  parts  of  water.  During  the  operation,  which  must 
be  performed  in  a  water-bath,  a  greenish-yellow  pis  is  evolved,  which  is 
permanent  in  a  freezing  mi  a.nre  of  ice  an.  I  sail.  In  it  liquetiable  by  extreme 
cold.  It  dissolves  freely  in  waler  and  in  alkaline  solutions,  forming 
chlorous  acid  anil  metallic  chlorii.es.  The  reaction  by  which  chlorous 
oxide  is  formed  is  .somewhat,  complicated.  The  arsenious  acid  deprives 
the  nitric  acid  of  part  of  its  oxygon,  reducing  it.  to  nitrous  acid,  which  is 
then  reoxidized  a!  the  expense  of  I  lie   oh  lor:  c  acid  reducing  it  to  chlorous 

Chlorous  Acid  may  be  prepared  by  condensing  chlorous  oxide  in  water, 
or  by  decomposing  a  me.l  attic  chlorite  v.  titi  dilute  sulphuric  or  phosphoric 
acid.  Its  concentrated  solution  is  a  greenish-yellow  liquid  buying  strong 
bleaching  and  oxidizing  properties.  It  does  not.  decompose  carbonates, 
but  acta  strongly  with,  caustic  alkalies  and  earths  io  form  chlorites. 

Chlorine  Tetkoxide.  —  When  potassium  chlorate  is  made  into  a  paste 
with  concentrated  sulphuric  a.eLd,  ami  owlctl,  and  this  paste  is  very  cau- 
tiously heated  by  warm  water  lu  a  small  glass  retori,  a  deep-yellow  gas  is 
evolved,  which  is  the  body  in  question  ;  it-  can  he  collected  only  by  dis- 
placement, since  mercury  decomposes  and  walev  absorbs  it. 

Chlorine  tetroxide  has  a  powerful  odor,  quite  different  from  that  of  the 
preceding  compounds,  and  of  chlorine  itself.  It.  is  exceedingly  explosive, 
being  resolved  with  violence  inio  its  elements  by  a  iemperat.ui.-e  short  of 
the  boiling-point,  of  water.  Its  preparation  is,  therefore,  always  attended 
with  danger,  and  should  lie  performed  only  on  a  small  scale.  It  is  com- 
posed by  measure  of  one  volume  of  chlorine  and   two  volumes  of  oxygen, 

*    COaCa     +       OH,       +       CU       =       00,       +       CnCI.       +       2C1H0. 
Csleium  Wit.  Clilerine.  C,irb.m  eViaihu  U.vT::,-],t,a-m]<! 
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condensed  into  two  volumes.*  Tt  may  be  liquefied  by  cold.  The  solution 
of  tint  gas  in  «inr  bleaches. 

The  citchlorins  of  Davy,  prepared  by  go.ully  heating  potassium  chlorate 
with  dilute  hydrochloric  :n;iU,  is  probably  a  mixture,  of  chlorous  ncid  and 
free  chlorine. 

The  production  of  chlorine  lolmxidc  from  potassium  chlorate  and  sul- 
phuric acid  depends  upon  rlic  spontaneous  splitting  of  ihe  chloric  acid  into 
chlorine  tetroxide  ami  jii-'n.-liloi-io  acid,  which  iai.tev  remains  as  a  potas- 
sium flalt.f 

When  a  mixture  of  potassium  chlorate  and  sugar  is  touched  with  a 
drop  of  oil  of  vitriol,  it,  is  instantly  set  on  fire,  the  chlorine  tetroxide 
disengaged  being  decomposed  hy  the  combustible  .substance  with  such 
violence  as  to  cause  inflammation.  If  DryHtftlfl  of  potasainm  chlorate  be 
thrown  into  a  glass  of  water,  a  few  small  fiagmcnis  nf  pliosphorus  added, 
and  then  oil  of  vitriol  poured  down  a  narrow  funnel  reaching  to  the  bot- 
tom of  the  glass,  I  lie  phosphorus  will  burn  beneath  the  surface  of  the 
water,  by  the  assistance  of  the  oxygen  of  the  chlorine  tetroxide  disen- 
gaged. The  liquid  at  the  tame  nine  becomes  yellow,  and  acquires  the 
odor  of  that  gas.' 

Chlohic  Acid.  —  This  is  the  most  important  compound  of  the  series.  When 
chlorine  is  passed  to  saturation  info  a  moderately  strong  hot  solution  of 
potassium  hydrate  or  carbonate,  and  the  liquid  concentrated  by  evaporation, 
it  yields,  on  cooling,  flat  tabular  eryslnis  of  a  colorless  sail,  consisting  of 
potassium  chlorate.      The  ]nother-li<|uor  contains  potassium  chloride. J 

From  potassium  chlorate,  chloric  ticid  may  bo  ofjfiiined  by  boiling  the 
salt  with  a  solution  of  hydicriuosilieic  itcid.  which  forms  an  almost  insoluble 
potassium  salt,  decanting  the  olo;>i-  liquid,  ami  digesting  ii  with  a  little  silica, 
which  removes  the  excess  of  the.  hydrofluosiiicio  acid.  Filtration  through 
paper  must  be  avoided. 

By  cautious  cvnporal  ion,  f  lie  acid  may  be  so  far  eon  con  I  rated  as  to  assume 
a  sirupy  consistence  ;  it.  is  thou  very  easily  dec  tun  posed.  It  sometimes  sets 
fire  to  paper,  or  other  dry  organic  matter,  in  eonsei|uence  of  the  facility 
wilh  which  ii  is  deoxidized  by  combuslible  bodies. 

The  chlorates  are  easily  recognized:  tliey  give  no  precipitate  when  in 
solutiun  with  silver  n  it  rale  :  i  hey  evolve  pure-  oxygon  when  heated,  passing 
thereby  into  chlorides;  and  I  hey  afford,  when  i  rented  with  sulphuric  acid, 
the  characteristic  explosive  yellow  gas  already  described.  The  dilute  solu- 
tion of  the  acid  bus  ito  bleaching  power. 

P  EEC  in  omc  Acm.  —  When  powdered  potassium  chlorate  is  thrown  by 
small  portions  at  a  time  info  hoi  nitric  acid,  a  change  lakes  place  of  the  same 
description  as  that  which  happens  when  sulphuric  acid  is  used,  but  with  this 
important  difference:  that  the  chlorine  find  o.xygcn,  instead  of  being  evolved 
in  a  dangerous  state  of  com  hi  nation,  are  emilted  in  a  slate  of  mixture.  The 
result  of  the  reaction  is  a  mixlurc  of  pnliissium  nitrate  and  perohlorate, 
which  may  be  readily  separated  by  iheif  iliU'ereuec  of  solubility. 

Perchloric  acid  is  oblained  by  dislilling  poi.nssimu  perehlnrfi.tc  wilh  sul- 
phuric acid.  I'uro  perchloric  acid  is  it  colorless  liimid,  of  1*782  sp.  gr.  at 
15-5°  (60°  F.),  not  solidifying  at  —35°  (—31°  F.) ;  it  soon  becomes   colored 

*  lis  formula  is  (!ls04. 

f    scio.K     +     8SG,h,      =      -Wt      +      sciojr      +      sscy:,    +    2Hso 

chlfuuk*.  sulphate.  tetroxiilB.  perchlorato.  sulphate. 

%      3KjO        4.        01,        ^         BKOl         +        ClOjK 
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even  if  kept  in  the  dark,  iind  after  a  few  weeks  decomposes  with  explosion. 
The  vapor  of  perchloric  acid  is  Ifaiispai'eni  :ind  colorless:  in  contact  with 
moist  air,  it  produces  ilcnnii  white,  liinifi.  1'Ui-  acid,  when  cautiously  mixed 
with  a  small  quantity  of  ivaier,  solidities  to  a  crystalline  mass,  which  is  a 
compound  of  perchloric  acid  with  one  molecule  of  vi  iii.ev.*  When  brought 
in  contact  with  carbon,  et.her,  or  ol  I n.- 1-  organic  substances,  perchlorio  acid 
explodes  with  nearly  as  much  violence  as  chloride  of  nitrogen. 

Compound  of  Ciu.or.  m;  inh  N  iTi'oviiix.  —  W 1 1  e  11  sal-ammoniac  or  ammonia 
citrate  is  dissolved  in  water,  and  a  jar  of  chlorine-  inverted  in  the  solution, 
the  gas  is  absorbed,  ami  a.  deop-yollow  oily  liquid  is  observed  to  collect  upon 
the  surface  of  tin;  solution,  uli.iuiii.tidy  sinking  in  globules  to  the  bottom. 
This  is  nitrogen  chloride,  the  most  di  onerously  explosive  substance  known, 
The  following  is  the  safest  method  o!  conducting  the  experiment.:  — 

A  somewhat  dilute  and  t.upid  solution  of  puro  sal-ammoniac  in  distilled 
water  poured  into  a  clean  basin,  and  a  bottle  of  chlorine,  the  neck  of  which 
is  quite  free  from  grease,  inverted  into  it.  A  shallow  and  heavy  leaden  cup 
is  placed  beneath  the  mouth  of  the  bottle  lo  collect,  the  product.  When 
enough  has  been  obtained,  the  luti.de n  vessel  may  be  withdrawn  with  its 
dangerous  contents,  the  eli'iindo  remain  big  covered  with  a  stratum  of  water. 
Tho  operator  should  protect  his  face  wit.ii  a  strong  wiro-gauze  mask  when 
experimenting  upon  this  substance. 

The  change  niuy  he  explained  by  ilio  following  diagram: — 

Chlorine  _ _^  Nitrogen  chloride. 


{  Hydrochloric  acid     ■   ■ — ■  Hydrochloric  aeid.f 

Nitrogen  chloride  is  very  volatile,  and  its  vapor  is  exceedingly  irritating 
to  the  eyes.  It  litis  n  specific  gravity  of  I  ■!]">",.  It  may  be  distilled  at  71° 
(160°  F.],  although  I  he  c s peri n ion i  is  attended  with  treat  danger.  Between 
93°  (200°  F.)  and  105"  (221°  \<\)  it.  explodes,  with  the  most,  fearful  violence. 
Contact  with  almost,  any  combustible  matter,  as  oil  or  fat  of  any  kind,  de- 
termines the  explosion  n't,  common  torn  per  fit  ores  :  a.  vessel  of  porcelain,  glass, 
or  even  of  cast-iron.  is.  broken  to  pieces,  and  the  leaden  cup  receives  a  deep 
indentation.  This  body  lia.s  usu.illy  been  suppose:!  to  contain  nitrogen  and 
chlorine  in  the  proportion  of  .11  parts  of  the  former  to  10S>-5  parts  of  the 
latter,  but  recent  experiments  upon  the  corresponding  iodine  compound 
(p.  i'jl)  induce  a  belief  that,  it  contains:  hydrogen,  J 

CuLC-niNE  ano  Carbon.  —  Several  compounds  of  ehl urine  and  carrion  are 
known.^  They  are  obtained  indirectly  by  the  action  of  chlorine  upon 
certain  organic  compounds,  and  will  lie  described  mulct  Organic  Chemistry, 

*  C104H  +  OH2. 

f      KII.CI    +  601    =       NC1S       +       4IIC1 

Ariimenmrii        Chlorine        Nil  .-..urn  Tlyrtrecliloiic 

Jlitj  be  NHCIj,  or  HHjCl. 
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is  discovered  by  P>;ji;i  t'd  1  r j  1  ?-2Ci,  It  is  found  in  sea-water, 
and  is  a  frequent  con  si  intent  of  srtli  no  springs,  chiefly  as  magnesium  bro- 
mide :  a  celebrated  spring  of  the  kind  e.visis  near  Kreuznack  in  Prussia. 
Bromine  may  be  obtained  pure  by  the  following  process,  which  depends 
upon  the  faet  that  ether,  agitated  ivilli  an  aqueous  solution  of  bromine, 
removes  the  greater  pa.rt  of  char,  substance. 

The  mother -liquor,  from  which  the  loss  soluble  salfs  have  separated  by 
crystallization,  is  exposed  to  a  stream  of  chlorine,  and  then  shaken  up 
with  ether;  the  chlorine  decomposes  the  magnesium  bromide,  and  the 
ether  dissolves  the  bromine  thus  set  free.  On  standing,  the  ethereal  solu- 
tion, having  a  line  red  color,  separates,  and  may  he  removed  by  a  funnel 
or  pipette.  Caustic  potash  is  then  added  in  oieess.  and  heat  applied; 
potassium  bromide  and  bromate  are  formed.  The  solution  is  evaporated 
to  dryness,  and  the  saline  matter,  after  ignition  to  redness  to  decompose 
the  bromate,  is  heated  in  a  small  retort  with  manganese  dioxide  and  sul- 
phuric acid  diluted  with  a  little  water,  the  neck  of  the  retort  being 
plunged  into  cold  water.  The  bromine  volatilizes  in  the  form  of  a,  deep- 
red  vapor,  which  condenses  into  drops  beneath  the  liquid. 

Bromine  is  at  common  temperatures  ji  red  i-hin  liquid  of  an  exceedingly 
intense  color,  and  vcrv  volatile;  il  lVee7.es  at.  about. — -7°  (10°  P.),  and 
boils  at  63°  (143°  P.)  The  density  of  the  liquid  is  2-fl70,  and  that  of  the 
vapor  5-54  compared  with  air,  and  80  compared  with  hydrogen.  The 
odor  of  bromine  is  very  siiffueafiiig  and  offensive,  much  resembling  that 
of  iodine,  but  more  disagreeable.  It  is  slightly  soluble  in  water,  more 
freely  in  alcohol,  and    roost  abundantly  in   ether.      The  aqueous   solution 

bleaches. 

Hydrogbs  BbomivjB,  or  Hydhoeromic  Acuity — ■  This  substance  bears 
the  closest  resemblance  to  hydriodio  acid :  it  has  the  same  constitution  by 
volume,  very  nearly  the  same  properties,  rind  may  be  prepared  by  means 
exactly  similar,  substituting  the  one  body  for  the  other  (see  page  18!)). 
The  solution  of  hydrobrotme  acid  h;is  also  the  power  of  dissolving  a  large 
quantity  of  bromine,  thereby  acquiring  a  red  tint.  Hydrobromic  acid 
contains  by  weight  HO  parts  bromine  and  1  part  hydrogen. 

BromiO  Acip. J  — Caustic  alkalis  in  presence  of  bromine  undergo  i.hc 
same  change  as  with  chlorine,  a  metallic  bromide  ami  bromate  being  pro- 
duced: these  may  often  be  separated  by  the  inferior  solubility  of  the  lat- 
ter. Bromic  acid,  obtained  from  l-ariam  bromate,  closely  resembles  chloric 
acid;  it  is  easily  decomposed.  The  bromates,  when  heated,  lose  oxygon  and 
become  bromides. 

A  hypobrumous   acid  corresponding   to   liypoehlorous  acid  is   likewise 

known. 


This  element  was  first  noticed  in  1R12  bv  M.  Conrlois,  of  Paris.  Minut 
traces  are  found  in  combination  with  sodium  or  potassium  in  sea-water 
and  occasionally  a  much  larger  proportion  in  that  of  certain  minora 
springs.      It  seems  to  be  in  some  way  beneficial  to  many  marine  plants,  a 
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these  latter  have  the  pinyer  of  ribs!  faciiiif  it  from  the  surrounding  water, 
and  accumulating  if  in  their  tissues.  It  is  ('ruin  this  source  (hat  all  the 
iodine  of  commerce  is  derived.  It  has  lately  boon  found  in  minute  quan- 
tity in  some  aluminous  slates  of  Sweden,  and  in  several  varieties  uf  coal 
and  turf. 

ICdp,  or  the  ha.lf-vitriiied  ashes  of  sea-weeds,  prepared  by  the  inhabi- 
ts ul  j  ill'  the  Western  Islands  Mini  the  injvt  iuM'ti  shores  ui  Scot  land  and  Ire- 
land, is  treated  with  water,  and  the  solution  filtered.  The  liquid  is  (hen 
concentrated  by  evaporation  until  it.  is  reduced  t.o  a  very  small  volume, 
tlie  sodium  chloride-,  sodium  cm: bonaio,  potassium  chloride,  and  other 
Salts  being  removed  as  they  successively  crystallize.  The  dark-brown 
mother-liquor  left,  contains  very  nearly  i  lie.  whole  of  the  iodine,  as  iodide  of 
sodium,  magnesium,  So. :  this  is  mixed  with  sulphuric  acid  and  manganese 
dioxide,  and  gently  heated  in  a  leaden  rotori,  when  the  iodine  distils  over 
and  condenses  in  the  receiver.  The  theory  of  the  operation  is  exactly 
analogous  to  that  of  tin:  preparation  of  chlorine;  in  practice,  however,  it 
requires  careful  management,  otherwise  (ho  impurities  present  in  the 
solution  interfere  with  tin:  general  result.* 

The  manganese  is  not  absolutely  necessary;  poiassiuiu  or  sodium  iodide, 
heated  with  an  excess  of  sulphuric  acid,  evolves  iodine.  This  effect  is 
due  to  a  secondary  nation  h;:lwceii  the  bvdriodic  acid  first  produeed  and 
the  excess  of  the  sulphuric  acid,  in  which  both  .sudor  decomposition, 
yielding  iodine  water,  and  sulphurous  acid. 

Iodine  cry  stall  i'/.e-  in  pi  ares  or  seal  en  of  n  bluish  block  color  and  imper- 
fect metallic  lustre,  resembling  thai-  of  plumbago:  the  crystals  are  some- 
times very  large  and  brilliant,  its  density  is  <HM8.  It  melts  at  107° 
(225°  F.),  and  boils  a(  17-J0  {347°  ]■'.),  the  vapor  having  an  exceedingly 
beautiful  violet  color. ■f  It-  is  .slowly  vcial  ile,  however,  at  common  temper- 
atures, and  exltalcs  an  odor  much  resembling  that,  of  chlorine.  The  den- 
sity of  the  vapor  is  H-71'i  compared  ivilli  air,  Il'7  com  oared  with  hydro- 
gen. Iodine  requires  for  sololinn  about.  TOui't  pans  uf  water,  whicli  never- 
theless acquires  a  brown  color ;  in  alcohol  it  is  much  more  freely  soluble. 
Solutions  of  hydriodie  acid  and  the  iodides  of  (he  alkaline  metals  also 
dissolve  a  large  quantity :  these  solutions  are  not  decomposed  by  water, 
which  is  the  case  with  the.  alcoholic  tincture 

Iodine  stains  the  skin,  bur.  nut.  permanently;  it.  has  a  very  energetio 
action  upon  the  animal  system,  ami  is  much  used  in  medicine. 

One  of  the  most  elm  raid  erisi  ie  properties  of  iodine  is  the  production  of 
a  splendid  blue  color  by  contact  with  siarc'n.  The  iodine  for  this  purpose 
must  be  free  or  tin  combined.  It  is  easy,  however,  to  make  the  test  available 
for  the  purpose  of  recognizing  the  presence  of  the  element  ill  question 
when  a  soluble  iodide  is  suspected  ;  ir.  is  only  necessary  to  add  a  very  small 
quantity  of  chlorine- water,  when  flic  iodine,  being  displaced  from  combi- 
nation, becomes  capable  of  acting  upon  the  starch. 

HvpaotfEN  Iodide,  or  Hydriodic  Acid.  —  The  simplest  process  for  pre- 
paring hydriodic  acid  gas  is  to  introduce  into  a  glass  tube,  sealed  at  one 
extremity,  a  little  iodine,  then  a  small  quantity  of  roughly  powdered  glass 
moistened  with  waier,  upon  this  a  few  fragments  of  phosphorus,  and  lastly 
more  glass:  this  order  of  iodine,  gbss,  phosphorus,  glass,  is  repeated  until 
the  tube  is  half  or  two-thirds  filled.  A  cork  and  narrow  bent  lube  are 
then  fitted,  and  gentle  heat  applied.  The  pas  is  best,  collected  by  displace- 
ment of  air.      The   expcL-imeui    depends  on  the   formation  of  an  iodide  of 

*2KT.       +      MnO,      -f      aSDjHi    =      Is      +      SOjKs      +      S04Mn      -i       2011, 
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phosphorus  and  its  Kubsrq nr-T: i  lieeotaposiiion  by  water,  whereby  hydrogen 

phosphite,  or  phosphorous  acid,  and  hydrogen  iodide  are  produced.*    The 

glass  merely  bwvc?  to  moderate  the  violence 

of  the  action  of  r.he  iodine  upon  the  phos- 
phorus. 

.Ilydriodio  acid  gas  greatly  resembles  the 
correspond;:];;  chlorine  u  ■  j : ;  1  p  u !  i  r  l  :  1 ;  it  is  color- 
less, and  highly  iioid;  it  fumes  in  the  air, 
iind  is  very  soluhle  in  water,  lis  density  is 
about  4-4  compared  with  air,  til  compared 
with  hydrogen,  l.iy  weight,  it.  is  composed 
of  127  purr*  iodine  and  1  pari.  Ji  ydrogeii ; 
and  liy  measure  of  equal  volumes  of  iodine 
vapor  and  hydrogen  united  without,  con- 
densation. 

Solution  of  hydriodic  acid  may  be  pre- 
pared liy  a  process  much  loss  troublesome  than 
tile  above.  I.niino  in  lino  powj.io,'  is  sn-pi'inii  'J 
in  water,  and  a  stream  of  washed  hydrogen 
sulphide  passed  r  1 1 1 - 1 . : j li; 1 1  the  luisl-ure;  sul- 
1  phur  is  deposited,  and  the  iodine  converted 
into  hydriodic  acid.  lYIieri  the  liquid  has  bocoraie  colorless,  it  is  heated,  to 
expo!  the  excess  el'  hydrogen  sulphide,  and  tillered.  The  solution  cannot. 
be  kept  long,  especially  if  ii  be  coneeuLraicd  :  the  oxygen  of  the  air  grad- 
ually decomposes  the  hydriniiio  ;ich I.  ami  iodine  is  set  free,  which,  dissolving 
in  the  remainder,  con micntcs  to  ii  a  brown  color.  . 

Compounds  of  Iodine  and  Ozygan, 
The  most  important  of  i  heso  are  the  io.iie  and  periodic  oxides. 

Composition  1>y  wcightt 


Both  these  are  acid  oxides,  unitine:  with  writer  and  metallic  oxides,  and 
forming  sails  called  indaies  and  peliodates.  The  composition  of  the  hydro- 
gen sab;  is  as  follows  :  J — 

Iodine.  OxysiTi.   Hydro  fen.  rod  it:  ov  I  de.  Water. 
Hydrogen  lodate  or  Iodic  acid  127  +  48     +    1       or       834     +      13 

Hydrogen  Periodale  or  Periodic  acid   127   -j-  GO     j     1       or       883     -j-      18 

Iodic  acid  may  he  prepared  by  the  direct  oxidation  of  iodine  with  nitric 
acid  of  specific  gravity  1-5 ;  5  parts  of  dry  iodine  with  1>00  parts  of  nitric 
acid  are  kept  at  a  boiling  nan  in  r::  ti.ro  for  several  hours,  or  until  the  iodine 
lias  disappeared.  The  solution  is  rhen  cautiously  ilistilled  to  dryness,  and 
the  residue  dissolved  in  water  and  mji.de  to  crystalline. 

Iodic  acid  is  a  very  soluble  substance;  it,  crystallizes  in  colorless,  sis- 
Bided  tables.  At  107°  (224°  F.)  it  is  resolved  into  water  and  iodic  oxide, 
which  forms  tabular  rhombic  erysijils,  and  when  heated  to  the  temperature 
of  boiling  olive  oil,  is  completely  resolved  into  iodine  and  oxygen.  The 
solution  of  iodic  acid  is  rejuiily  deoxidi/cd  by  sulphurous  acid.      The  iodates 

Phoi.ijli.nns.      Iodine.  Water.  Hydrogen  iodide.         llyjiro^ci;  '[.li,  splrilii. 

f  Ij05  And  IjO,. 
X  IjOjOIIj       =       SIOjII;  IsO,.(JIIs       —       2I0,H. 
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much,  resemble  the  chlorates:  that  nf  potassium  is  decomposed  by  heat  into 
potassium  iodide  iiiiil  oxygen  gas. 

Periodic  Acid.  —  When  solution  of  sodium  iodalc  is  mixed,  with  caustic 
Soda,  and  a  current  of  chlorine  transmitted  through  [lie  liquid,  two  salts 
are  formed  —  namely,  sodium  chloride  ami  :i  compound  of  sodium  perio date 
with  sodium  hydrate,  which  is  sparingly  soluble.*  This  is  separated,  eon- 
vertod  into  a  silver-suit,  and  dissolved  in  nitric  acid  :  the  solution  yields,  on 
evaporation,  crystals  of  ye!h,w  silver  pevlodaie,  from  which  the  aeid  may 
he  separated,  by  the  action  of  water,  whit  I:  resolves  the  salt  into  free'  aeid 
atid  insoluble  l.n.sie  ueriodate. 

Periodie  s,cid  cry  stallions  from  its  aqueous  solution  in  deliquescent 
oblique  rhombic  prisms,  which  moii  at.  IKi.F  rllM"  ]?.),  and  are  resolved -at 
170°  (338°  F.)  into  water  anil  a  white  mass  of  periodic  oxide,  which  at  180° 
or  190°  (356°— 374°  P.]   gives  off  Oxygcu  with   great  rapidity,  and  leaves 

The  solution  of  periodic  aeid  is   reduced  by  many  organic  substances, 

and  instantly  by  hydrochloric  acid,  sulphur s  aeid,  and  hydrogen  sul- 
phide. With  hydrochloric  n.c id  it.  forms  mitei',  iodine  chloride,  and  free 
chlorine.  The  metallic  pcriodatcs  arc  resolved  by  heat  into  oxygen  and 
metallic  iodido. 

Comjioimck  of  Forl'vn  niu!  Xilrc-r/fn  — When  Viiiely  powdered  iodine  is  put 
into  caustic  ammonia,  it  is  in  part  dissolved,  giving  a  deep-brown  solution, 
and  the  residue  is  converted  into  a  black  powder,  culled  nitrogen  iodide.j 
The  brown  liquid  consists  of  hydriodie  acid,  holding  iodine  in  solution, 
and  is  easily  separated  from  the  solid  product,  by  a  filter.  Thelatl.tr, 
while  still  wet,  is  distributed  in  small  qualities  upon  separate  pieces  of 
bibulous  paper,  and  left  to  dry  in  the  air. 

Nitrogen  iodide  is  a  black  insoluble  powder,  which,  when  dry,  explodes 
with  lilt  slightest  touch  — even  thai  of  a  feather. —  and  sometimes  without 
any  obvious  Cause.  The  explosion  is,  however,  not  nearly  so  violent  as 
that  of  nitrogen  chloride,  and  is  attended  with  the  production  of  violet 
fumes  of  iodine.  According  in  Dr.  Gladstone,  this  substance  contains  hy- 
drogen, and  may  be  viewed  as  ammonia  in  which  two  thirds  of  the  hy- 
drogen are  replaced  by  iodine.}  According  to  !  lie  researches  of  Bunson, 
it  must  be  viewed  as  a  to  nib  ma!  ion  of  nitv.j^en  ivi-iedidc  with  ammonia.  jj 
It  appears,  however,  that  the  siihsl.anec  called  nitrogen  iodide  varies  in 
composition.  Gladslout,  by  oha:!gii;;;  the  node  of"  preparation,  obtained 
several  compound:-  of  nitrogen  ir;.-iodide  with  ammonia. 

Compottniix  nf  Indiar.  iin.'l  Chinnnp.  —  Iodine  readily  a  lis  orbs  chlorine  gas, 
forming,  when  the  chlorine  is  in  excess,  a  solid  yellow  compound,  and 
when  the  iodine  preponderates,  a  brown  liquid.  The  solid  iodide  is 
decomposed  by  water,  yielding  hydroehiorie  and  iodic  acids.  || 

Another  definite  compound  is  formed  by  heating  in  a  reiort  a  mixture 
of  1  part  iodine  and  -1  pans  potassium  chlorate ;  oxygen  gas  and  iodine 
chloride  are  disengaged,  and  the  falter  maybe  condensed  by  suitable 
means.      Potassium  ioi.iate  and  porchlorate  remain  in  the  retort. 

This  iodine  chloride  is  a  yellow  oily  liquid,  of  suffocating  smell  and 
astringent  taste  ;  it  i.s  soluble  in  wearer  and  nlcclm:  without  decomposition. 
It  probably  c  en  lis  Is  of  1-7  parts  iodine  and  ooii  parts  chlorine,  fl 

*  lO^a      +       MJsHO     +      CI,       =       BNfcOI       +       IO,BiHa, 
iodiLte.  hydrate.  cbLoririe,  perfoliate. 

„  Unuai  it  is  aJuDllesa  ICI5,  f  ICL 
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This  element  has  never  been  isolated  —  si  I  least,  in  a  state  fit  for  exam- 
ination; its  properties  are  consequently  in  great,  measure  unknown; 
but  from  the  observations  made,  it  is  presumed  to  be  gaseous,  and  to  pos- 
sess color,  like  chlorine.  The  ciunpiuiidi  containing,  [inorine  can  be  easily 
decomposed,  and  trie  element-  transferred  from  one  body  to  another;  but 
its  intense  chemical  energies  toward-  I  lie  metals  and  towards  eilicium,  a 
component  of  glass,  have  hitherto  hahled  all  attempts  to  obtain  it  pure  in 
tlic  separate  stale.  As  calcium  hue-ride,  it  exists  in  small  ([imritities  in 
many  animal  sii'astanecs,  such  as  bones.  Several  elieui'sis  liave  ••:m]-.;i'  ■.  t  cd 
to  obtain  it  by  dcootuposi  tie:  sliver  Si im ride  by  means  of  chlorine  in  vessels 
of  fluor-spar,  but.  even  these  experiments  have  not  led  to  a  decisive  result. 

HvnnodEN  FLunamr.,  or  IIydrofluoiuc  Acid.*  —  When  powdered  cal- 
cium fluoride  (fluor-spar;  is  heated  with  concentrated  sulphuric  acid  in  a 
retort  of  platinum  or  lead  connected  with  a  carefully  cooled  receiver  of 
■  the  same  metal,  a- very  voiai  Me  colorless  liquid  is  obtained,  which  emits 
copious  white  and  highly  suffocating  fumes  in  the  air.  This  was  formerly 
believed  to  be  the  acid  in  the  anhydrous  state,  Louyet,  however,  states 
that  it  still  contains  water,  and  that,  hydrofluoric  acid,  like  hydrochloric 
acid,  when  anhydrous,  is  a  j*as.  The  anhydrous  acid  may  bo  prepared, 
according  to  Fremy,  by  distilling  hynnigen  mid.  potassium  fluoride  in  a 
platinum  vessel.  The  acid  is  gaseous  at  ordinary  temperatures.  In  a 
frigorific  mixture  it  exists  as  a  liquid,  which  acts  violently  on  water  and 
evolves  white  fumes. 

When  hydrofluoric  acid  is  put.  into  water,  it.  unites  with  the  latter  with 
great  violence:  the  dilute  solution  allaeks  glass  ivith  great,  facility.  The 
concentrated  acid,  dropped  noon  the.  skin,  occasions  deep  and  malignant 
ulcers,  so  that  great  care  is  requisite  in  lis  management.  Hydrofluoric 
acid  contains  111  parts  fluorine  and  1  part,  hydrogen. 

'    In  a  diluted  stale,  this  a;:  Id  is  ocens  ion  ally  used  in  [lift  :i  ml  lysis  of  sil  it us 

minerals,  when  alkali  is  I.,  be  estimated:  it  is  employed,  also,  for  etching 
on  glass,  for  which  purpose  the  aeid  may  be  prepared  in  vessels  of  lead, 
that  metal  being  but  slowly  attacked  tinder  these  circumstances.  The 
vapor  of  the  acid  is  also  very  advjniageous'y  applied  to  the  same  object 
in  the  following  manner  :  The  glass  to  be  engraved  is  coaled  with  etching- 
ground  or  wax,  and  ihe  design  traced  in  the  usual  way  with  a  pointed 
instrument.  A.  shallow  basin  made  by  beating  up  a  piece  of  slieet-iead  is 
then  prepared,  a  little  powdered  iluiir  spar  placed  in  it,  and  enough  sul- 
phuric aeid  added  to  form  with  the  latter  a  thin  paste.  The  glass  is 
placed  upon  the  basin,  with  the  waxed  side  downward,  and  gentle  heat 
applied  beneath,  which  speedily  disengages  [lie  vapor  of  hydrofluoric  acid. 
Iu  a  very  few  minutes,  the  operation  is  complete:  the  glass  is  then  re- 
moved and  cleaned  by  a  little  warm  oil  of  turpentine.  When  the  experi- 
ment is  successful,  the  lines  are  very  clean  and  smooth. 

No  combination  of  fluorine  and  ovygeu  has  yet  bee 


y/  Google 


SULPHUR. 

Thia  is  an  elementary  body  of  great  importance  and  interest.  "It  is 
often  found  in  the  free  state  In  connection  with  deposiis  of  gypsum  and 
rock-salt;  its  occurrence  in  volcanic  districts  is  probably  accidental. 
Sicily  furnishes  a  large  proportion  of  the  sulphur  employed  in  Europe. 
'In  a  Vl-ale  of  combination  with  iron  and  oilier  morals,  and  as  sulphuric  acid 
uniled  to  lime  and  magnesia,  it  is  also  abundant. 

Pure  sulphur  is  a  pale-yellow  brittle  solid,  of  well-known  appearance. 
It  melts  when  heated,  and  distils  over  unaltered,  if  air  be  excluded.  The 
crystals  of  sulphur  exhibit  two  distinct  and  incompatible  forms  —  namely, 
first,  an  octohedron  with  rhombic  base  (fig.  1K<>),  which  is  the  figure  of 
native  sulphur,  and  that,  assumed  when  -iilpluir  separates  from  solution  at 
common  temperatures,  its  when  a  solution  of  sulphur  in  carbon  bisulphide 
is  exposed  to  slow  evaporation  in  (lie  air;  and.  secondly,  a  lengthened  prism 
having  no  relation  to  the  preceding:  this  happens  when  a  mass  of  sulphur 
is  melted,  and,  after  pun  la i  cooling,  the  erusl  en  the   surfaoe  is  broken  and 

the  fluid  portion  poured  out.    Fig,  137  shows  the  result  of  such  an  esperi- 


The  specific  gravity  of  sulphur  varies,  according  to  the  form  in  which  it 
is  crystallized.  The  oetohedra!  variety  luis  the  speckle  gravity  2'045;  the 
prisi'nalic  variety  lite  specific  gravity  1-982. 

Sulphur  melts  at  111"  (2K2°  !■'.)  (at  114-S11.  according  to  TCrodio):  at  this 
temperature  it  is  of  the  color  of  amber,  anil  t.hin  ami  fluid  as  water;  when 
further  heated,  it  begins  to  thicken,  and  to  aocpiire  a  deeper  color;  and 
between  221°  (-130°  l<\)  and  24!)°  (480°  V.)  it  is  so  tenacious  that  the  vessel 
in  which  it  is  contained  may  be  inveri  ed  for  a  momenl  without  the  loss  of 
its  contents.  If  in  this  sfato  it  be  poured  info  water,  it  retains  for  many 
hours  a  remarkably  soft  and  flexible  condition,  which  should  be  looked  upon 
as  the  amorphous  sfato  of  sulphur.  After  a  while  il  again  becomes  brittle 
and  crystal  line.  I'rom  I  tie  temperature  last  Mentioned  1o  the  boil  in;;  point 
—  about  400°  (792°  F.)  — sulphur  again  becomes  thin  and  liquid.  In  the 
preparation  of  commercial  flowers  of  sulphur,  the  vapor  is  conducted  into 
a  large  cold  chamber,  '.'.here  il  condense-  in  minute  crystals.  The  specific 
gravity  of  sulphur  vapor  is  2-22,  referred  to  ihal  of  air  as  unity,  or  32  com- 
pared with  that  of  kydror/on  ;  Ueville). 

Sulphur  is  insoluble  in  water  and  alcohol ;  oil  of  turpentine  and  the  fat 
oils  dissolve  it,  but  the  best  substance  Cor  Ihe  purpose  is  carbon  bisulphide. 
In  its  chemical  relaliuiis  sulphur  hoars  grout  resemblance  to  oxygen:  to  very 
many  oxides  there  are  correspondinp;  sulphides,  and  the  sulphides  often 
unite  among  themselves,  forming  erystnlliiable  compounds  analogous  to 
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194  SULPHUR. 

Sulphur  is  remarkable  for  the  great  number  of  modifications  which  it  is 
capable  of  assuming.  Of  these,  however,  there  are  two  principal  well- 
characterized  varieties,  one  soluble,  a ml  the  oilier  insoluble  in  carbon  bi- 
sulphide, and  many  minor  modifications.  The  soluble  variety  is  distinguished 
by  Berthelot*  by  (lie  name  of  clectro-iin/Mire  suijilmr,  because  it  is  the  form 
which  appears  at  (lie.  positive  pole  of  too  vollaie  lmMcry  during  the  decom- 
position of  an  aqueous  solution  of  hydrogen  sulphide,  and  is  separated  from 
the  combinations  of  sulphur  with  Hie  elect  ro-pu.-dnvo  metals.  The  insolu- 
ble variety  is  distinguished  as  t/ic'ro  vt,* ii'-i-  tuif-iu/?.  iiceauso  it-  is  the  form 
which  appears  at  tiie  negative  pole  during  Ihe  elect  vie  decomposition  of 
sulphurous  acid,  ami  separates  iinni  compounds-  of  sulphur  with  the  cloctro- 
uc^mhe  elements,  chlorine,  bromine,  oxygen,  &C. 

The  principal  modifications  of  soluble  sulphur  are  the  octnhedral  and 
prismatic  varieties  already  mentioned,  and  an  amorphous  variety  which  is 
precipitated  as  a  greenish-while  em  nisi  on,  known  as  milk  of  sulphur  on 
adding  an  acid  to  a  dilute  solution  of  an  alkaline  poiv sulphide,  such,  for 
example,  as  is  obtained  by  boiling  sulphur  wi:h  milk  of  lime.f  This  amor- 
phous sulphur  changes  by  keeping  in'"  a  mass  of  mi  run  e  oelohedral  crystals. 
Sublimed  Sulphur  appears  also  fo  be  allied  In  I  Imp  rtiiidiii  cation,  but  it  always 
contains  a  small  portion  of  one  of  the  insoluble  modifications. 

The  chief  modificii^ons:  of  insoluble  sulphur  "re:  1.  The  amorphous  in- 
soluble variety,  obtained  as  a  soft  magma  by  decomposing  chlorine  bisul- 
phide with  water,  or  by  adding  dilute  liyilrnrhluiie  acid  to  the  solution  of  a 
hyposulphite.  :£  2.  The  plastic  sulphur  already  mentioned  as  obtained  by 
pouring  viscid  melted  sulphur  into  water.  A  very  similar  variety  is  pro- 
duced by  boiling  meiiiiiie  sulphides  witli  nitric  or  nitro-muriatic  acid. 

Magnus |  obtained  a  black  modification  of  sulphur  by  repeatedly  heating 
sulphur  to  300D  (572°  I'.';,  entiling  suddenly,  and  e.hausling  with  carbon  bi- 
sulphide; and  this  black  sulphur,  heated  to  a  temperalurc  between  130° 
and  150°,  passed  into  a  red  modification.  According  to  .Milscherlich,  how- 
ever, pure  sulphur  does  not  exhibi;  these  rniidiiicntinns  :  lint  various  highly 
oolored  products  may  he  obtained  by  moiling  -ulphur  with  small  quantities 
of  fatty  matters.  Even  the  pre  use  impartetl  by  touching  sulphur  with  the 
fingers  is. sufficient,  to  alter  lis  color  considerably  wdion  melted. 

When  solutions  of  hydrogen  sulphide  anil  ferric  chloride  are  mixed 
together,  a  blue  precipitate  is  sometimes  formed,  which  is  said  to  be  a 
peculiar  modification  of  sulphur. 

(.''WpoH/t'l*  "f  $'<lii!iirr  m,il  Q..',;,y*n. 

There  are  two  oxides  of  sulphur  whose  names  and  composition  are  as 


Sulphur  dioxide  or  Sulphurous  oxide       .         .         .     32 Ur"  +    "ai""' 

Sulphur  trioxide  or  Sulphuric  oxide     .  .  .  82       +       48 

Both  these  oxides  unite  with  water  and  metallic  oxides,  or  the  elemonts 


t  KHA        +  ■      S0H3         =         4IICI         +         SAB, 

2S&L      mter"      Hr^SaDri0  Hy»7T" 
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from  sulphuric  acid,  sulphates.      The  coroposi  - 
r  acids,  is  as  follows :  * 

'Inn-,       Oztv^.iu.       ll'vaiv^on.       Su]]'l]i;r.:i:-  .ixi.k'.  Vi".,i>  r. 


Hydrogen  Sulphate     1         32      -      64    +      2        =  80  +18 

or  Sulphuno  acid    j  ~  ~  ~ 

The  replacement  of  half  or  the  whole  of  the  hydrogen  in  these  acids, 
by  metals,  gives  rise  to  metallic  sulphites  and  sulphates. 

There  are  also  several  aohls  of  sulphur,  with  their  corresponding  metal- 
lic salts,  to  which  there  are  no  corresponding  anhydrous  oxides,  viz.: 

1.  HiipasulpliUTOus  or  Thiwi. !/>/< ■■'■'''''  Acid,  having  tin.'  composition  of  sul- 
phuric acid  in  which  one  fourth  of  the  oxygen  is  replaced  by  sulphur.f 
In  composition  by  weight  is  : 

Sulphur.  Ox  ye™.  Hydrogen. 

64  +  48  -f  2 

2.  A  series  of  acids  called  J'olythfou!,-  Aivl-t,*  in  which  the  same  quanti- 
ties of  oxygen  and  hydrogen  arc  united  with  quantities  of  sulphur  in  the 
proportion  of  the  numbers  2.  S,  4,  5, J  viz.: 

Sulphur.    Oxygen.      Hydrog™. 
Dithionic,  or  Hypoaulphurio  acid    .         .         04     +     %     +       2 

Triihionic   acid 36     +     06     +       2 

Tetrathlonio  aeid 12S     4-     %     +       2 

Pentathionic  acid  .  .  .  .    160     -j-     %     +       2 

Sulphur  DioxtDi;,  or  StTtruuiiors  Oxide.  — This  i-  the  only  product  of 
the  combustion  of  sulphur  in  dry  air  or  oxygen  gas.  It  is  most  conveniently 
prepared  by  healing  sulphuric  achi  with  metallic  mercury  or  copper  clip- 
pings; It  portion  of  the  acid  is  decomposed,  one  third  of  the  oxygen  of  the 
sulphuric  oxide  being  rriinsf erred  to  the  inclal,  while  the  sulphuric  oxide 
is  reduced  to  sulphurous  oxide  which  osc'ipc-  as  ga.-.jl  Another  very  simple 
method  of  preparing  sulphurous  oxide  consists  in  heating  concentrated  sul- 
phuric acid  with  sulphur;  a  very  regular  evolution  of  sulphurous  oxide  is 
thus  obtained.  Sulphurous  oxide  is  a  colotlrss  ens.  having  the  peculiar 
suffocating  odor  of"  buriiini;  bnm-.timo  :  i!  insTamiy  extinguishes  flame,  and 
is  quite  irrespirible.  Its  density  is  '2-'2l;  a  litre  weighs  2'8605  grams; 
100  cubic  inches  weigh  fJsHJ'J  giaiins.  ,-Vt  —  1 7-8"  {0°  . I-'.),  "under  the  ordinary 
pressure  of  the  atmo>phcvo.  this  gas  condenses  to  ji  colorless,  limpid  liquid, 
very  expansible  by  heat.  Cold  viator  dissolves  more  than  thirty  times  its 
volume  of  sulphurous  oxide.  The  solution,  which  contains  hydrogen  sul- 
phite or  sulphurous  acid,  may  lie  kept  unchanged  so  long  us  air  is  excluded, 
but  access  of  oxygen  gradual  'y  cots  v.- fin  the  sulphurous  into  sulphuric  acid, 
although  dry  sulphurous  oxide  and   oxygen   gases  may  remain  in  contact 

"  Sulphurous  oxide™  ."  .       SOa 
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for  any  length  of  time  without  change.  When  sulphurous  oside  and 
aqueous  vapor  are  passed  into  a  vessel  cooled  to  below  —  $-',l°  or — 6°  (17°  or 
21°  FA  a  crystalline  body  forms,  which  contains  about  24'2  sulphurous 
oiide  to  75-8  of  water. 

.  One  volume  of  sulphurous  oxide  Q-a?  contains  one  volume  of  oxygen  and 
half  a  volume  of  sulphur  vapor,  condensed  into  one  volume. 

Gases  which,  like  the  present,  are  freely  soluble  in  water,  must  he  col- 
lected by  displacement.,  or  by  the  use  of  the  mercurial  pneumatic  trough. 
The  manipulation  with  the  latter  is  exactly  the  same  in  principle  as  with 
the  ordinary  water-trough,  but  rather  more  troublesome,  from  the  great 
density  of  the  muivniT.  nod  its  opacify.  The  whole  apparatus  is  on  a  much 
smaller  scale.  Tlic  I  rough  is  best  constructed  of  hard,  sound  wood,  and  so 
contrived  as  to  economize  as  much  as  possible  the  expensive  liquid  it  is  to 

Sulphurous  acid  Tim  s  blea  eking  properties ;  it.  is  used  in  the  arts  for  bleach- 
ing woollen  goods  and  straw-phut.  A  pic™  of  blue  litmus  paper  plunged 
into  the  moist,  gas  is  first  reddened  iiml  ibcu  slowly  bleached. 

The  salts  of  sulphurous  acid  are  not  of  much  importance:  those  of  the 
alkalies  are  soluble  ami  crysralli/able ;  they  are  easily  formed  by  direct 
combination.  The  sulphites  of  barium,  strontium,  mid"  calcium  arc  insol- 
uble in  water,  hut  soluble  in  hydrochloric  neid.  The  stronger  acids  de- 
compose them;   nitric  acid  converts  ihem    into  sulphates. 

Sulphurous  oxide  uuii.es,  under  peculiar  circumstances,  with  chlorine, 
and  also  with  iodine,  forming  compounds,  which  have  been  called  chloro- 
and  iodo-sulphuiie  acids.  They  arc  decomposed  by  water.  It  also  combines 
with  dry  ammoniaeai  gas,  giving  vise  to  a  remarkable  compound;  and  with 
nitric  oxido  also,  m  presence  of  an  alkali. 


Sclphub  TRioxtrvr.  or  StT.t'jn-ii.ic  (Km.i;  ('also  calleil  A-nhwfrou*.  Sulphuric 
acid,  or  Sulphuric  anhydride).  —  This  compound  maybe  formed  directly  by 
passing  a  dry  mixture  of  sulphurous  oxide  and  o.xygcn  gases  over  heated 
spongy  platinum  ;  or  it  may  ho  obtained  by  distilling  (he  most  concentrated 
sulphuric  acid  with  phosphoric  oxide,  which  then  abstracts  the  water  and 
sets  the  sulphuric  oxide  free.  It  is  usually  prepared,  however,  from  the 
fuming  oil  of  vitriol  of  Xordhauson.  which  may  be  regarded  as  a  solution 
of  sulphuric  oxide  in  sulphuric  acid.  On  gently  heating  this  liquid  in  a 
retort  connected  wiih  a  receiver  cooled  by  a  t'ree/iug  mixture,  the  sulphuric 
oxide  distils  over  in  groat,  abundance,  and  condenses  into  beautiful  white 
silky  crystals,  resembling  (.hose  of  asbestos.  When  thrown  into  water, 
it  hisses  like  a  red-hot  iron,  from  the  violence  with  which  combination 
occurs:  the  product  is  sulphuric  acid.  When  exposed  to  the  air,  even 
for  a  few  moments,  it  liquefies  by  ab-urpi  ion  of  moist  tire.  It  unites  with 
ammoniaeai  gas,  forming  a.  salt  called  ammonium  su'ipliamate,  the  nature  of 
which  will  be  explained  further  on. 

SuTiPiiumc  Acid.  —  This  aeid  has  boon  known  s:;iee  the  fifteenth  century. 

There  are  two  distinct,  processes  by  which  it  is  at  present  prepared — ■ 
namely,  by  the  distillation  of  ferrous  sulphate  (copperas  or  green  vitriol), 
and  by  the  oxidation  of  sulphurous  acid  with  nitrous  and  liyponitric  acids. 

The  first  process  is  still  carried  on  in  some  parts  of  Germany,  especially 
in  the  neighborhood  of  Nonlhau.^en  in  Prussia,  and  in  ISohcmia.  The  fer- 
rous sulphate,  derived  from  the  oxidation  of  iron  pyrites,  is  deprived  by 
heat  of  the  greater  part  of  its  water  of  crystallization,  and  subjected  to  a 
high  red  heat  in  earthen  retorts,  to  which  receivers  are  fitted  as  soon  as  the 
acid  begins  to  distil  over.  A  part  gels  decomposed  by  ihc  very  high  tem- 
perature; the  remainder  in  driven  off  in  vapor,  which  is  condensed  by  the 
COld  vessel,  containing  a  very  small  quantify  nf  water  or  common  sulphuric 
acid.     The  product  is  a  brown  oily  liquid,  of  about  1  -ft  specific  gravity,  fum- 
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ing  in   the  air,  and  Tory  corrosive.      It  is  ehiclly  made   for  Iho  purpose  of 
dissolving  indigo. 

The  aecond  method,  which  is,  perhaps,  willi  llu;  single  exception  men- 
tioned, always  i'»l Unveil  fit  the  move  economical,  depends  upon  Die  fiict  that, 
when  sulphurous  oxide,  nitrogen  tei -oxide,  Mod  water  arc  present  together 
in  certain  proportions.  Die  sulphurous  oxide  becomes  oxidized  at  the  expense 
of  the  nitrogen  tet.ro  \.kle,  which  hy  tins  loss  of  one-  lis  If  of  its  oxygen,  sinks 
to  the  condition  of  nitrogen  dioxide,  Tlie  operation  is  thus  conducted:  A 
large  and  yerj  long  chamber  is  built  of  sheet-lead  supported  by  timber- 
framing:  on  the  outside,  at  one  extremity,  a  small  furnace  or  oyen  ia  con- 
structed, having  a  wide  lube  leading  into  the  dumber.  In  this,  sulphur  ia 
kept  burning,  the  flame  of  which  beats  a  crucible  containing  a  mixture  of 
nitre  and  oil  of  vitriol.  A  shallow  stratum  of  water  occupies  the  floor  of 
Die  chamber,  and  a  jet  of  steam  is  also  introduced.  Lastly,  an  exit,  is  pro- 
vided at  the  remote  end  of  Die  chamber  fee  the  spent  and  useless  gases. 
The  effect  of  these  arrangements  is  to  oa.use  a  constant  supply  of  sulphur- 
ous oxide,  atmospheric,  air,  nitric  acid  vapor,  and  water  in  the  state  of 
steam,  to  be  thrown  into  Die  chamber,  there  to  mix  and  react  upon  each 
Other.  The  nitric  acid  immediately  gives  up  a  part  of  its  oxygen  to  the 
sulphurous  oxide,  ami  is  itself  reduced  to  nitrogen  letroxide ;  ii  'iocs  not. 
remain  in  this  state,  however,  but  Buffers  further  deoxiilatioti  until  it  be- 
comes reduced  to  nitrogen  dioxide.  That  substance,  in  contact  with  free 
oxygen,  absorbs  a  portion  of  the  latter,  and  once  mere  becomes  tetroxide, 
which  is  again  destined  lo  undergo  ilooxbhuion  by  a  fresh  qiiaulily  of  sul- 
phurous oxide.  A  very  small  portion  of  nil  rugon  tetroxide,  mixed  wii.li  at- 
mospheric, air  and  sulph  urous  oxide,  luru  thus  in  lime  convert  an  mdetlni!  c 
amount  of  the  latter  into  sulphuric  acid,  by  acting  as  a  kind  of  currier  be- 
tween the  oxygen  of  the  air  and  the  sulphurous  oxide.      The  presence  of 

We  may  thus  represent  the  change :  * 

Nitrfgentetroxidef^eu  U  ^—^   Nitrogen  dioxide  8 

(Oxygen  1(1  . 

S- nip 'nitrous  oxide    (  Sulphui  " 

04  \  Oxygen  ob  _^-*bu.      „  ,  ,      . 

Water  ....  18  -T^^^^.  Sulphuric  acid  S 

Such  is  the  simplest  view  Dial  can  be  iultoo  oft.be  production  of  sulphuric 
acid  in  the  leaden  chamber  ;  bin  it  is  loo  much  10  affirm  Dial  it  is  strictly 
true;  the  reaction  may  he  more  complex.  When  a  little  water  is  put  at 
the  bottom  ..f  a  large  glass  globe,  so  a.;  to  maintain  a  certain  degree  of  hu- 
midity in  the  air  within,  ami  sulphurous  oxide  and  nitrogen  tetroxide  are 
introduced  by  separate  tubes,  symptoms  of  chemical  action  become  im- 
mediately evident,  and  after  a  little  time  a  white  crystalline  matter  is 
observed  to  condense  on  the  sides  of  Die  vessel.  This  substance  appears 
to  be  a  compound  of  sulphuric  acid,  nitrous  acid,  and  a  little  water. f 
When    thrown    into    water,    it   ia    resolved    into   sulphuric    acid,    nitrogen 
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iiHlispijii.iiJ.Uc  io  the  success  of  ill"  process,  ami  c 

goca  on  well,  mid  the  nitrogen  le'rouuo  is  not  in  excess,  may  pi1  map*  ad- 
mit of  doubt. 

The  water  at  the  bottom  of  the  chamber  thus  becomes  loaded  with  sul- 
phuric acid:  when  ;i  curtain  degree  of  strength  lias  tiv.ru  reached,  the  acid 
is  drawn  off  arid  conoeutrjued  by  evaporation,  first  in  leaden  pans,  and 
afterwards  in  si  ills  of  pint  ilium,  until  it  attains  a  density  (when  cold)  of 
1*84,  or  thereabouts;  it  is  then  transferred  to  carboys,  or  largo  glass  bot- 
tles fitted  in  baskets,  for  sale.  In  Great  Britain  this  manufacture  is  one 
of  great  national  importance,  and  is  carried  on  to  a  vast  extent.  Sulphuric 
acid  is  now  more  frequently  made  by  burning  iron  pyrites,  or  poor  cupper 
ore,  or  zinc- blende,  as  a  substii  me  for  Sicilian  sulphur :  it  very  i'reqiienlly 
contains  arsenic,  from  which  it.  may  he  freed,  however,  by  heating  it  with 
a  small  quantity  of  -odium  chloride,  or  by  passing  through  the  heated 
acid  a  current  of  hydrochloric  acid  ;a  whereby  the  arsenic  is  volatilized 
as  trichloride. 

The  moat  concentrated  sulphuric  acid,  or  oil  of  vitriol,  as  it  is  often 
called,  is  a  definite  combination  of  -It'  p-irls  sulphuric  oxide,  and  0  parts 
water.*  It  IS  a.  colorless  oily  liquid,  having  a  specific  gravity  of  about  1-85, 
of  intensely  acid  taste  and  reaction.  Organic  matter  is  rapidly  charred 
and  destroyed  by  this  substance.  At  the  temperature  of  — 'J6°  (■ — 15°  F.) 
it  freezes;  at  327°  ((120°  F.)  it.  boils,  and  may  lie.  distilled  without  decom- 
posiliun.  Oil  of  viii-iol  hits  a  most  enoi'ge^ic  attraction  for  water ;  it  with- 
draws aqueous  vapor  from  the  air,  and  when  it.  is  diluted  with  water,  great 
heal  is  evolved,  so  thjil  the  mixture  always  rcquii'i'S  to  ho  made  witli  can- 
lion.  Oil  of  vitriol  is  not  the  only  hydrate  of  sulphuric  oxide;  three 
Others  are  known  to  exist.  When  the  fuming  oil  of  vii  riot  of  Nordhausen 
is  exposed  lo  a  low  temperature,  a  white  crystalline  substance  separates, 
which  is  a  hydrate  containing  half  as  much  water  its  i-ho  00011111:111  liijtiid 
acid.  Then,  again,  a  mixture  of  98  parts  of  strong  liquid  acid  and  18 
parts  of  water  j  congeals  or  crystallizes  at.  a  temperature  above  0°,  and 
remains  solid  even  at.  7ii'J  ('10°  J''.}.  Lastly,  when  a  very  dilute  acid  is 
co no e titrated  by  evaporation  in  a  vacuum  over  a  surface  of  oil  of  vitriol, 
the  evaporation  stops  v.  hoc  the  sulphuric  oxide  and  water  bear  to  each 
other  the  proportion  of  80  to  54.  J 

When  the  vapor  of  sulphuric  acid  is  passed  ever  red-hot  platinum,  it  is 
decomposed  into  oxygen  and  sulphurous  acid.  St,  t'hiire  Devillc  and  i)e- 
bray  have  recommended  this  primes-;  for  the  preparation  of  oxygen  on  the 
large  scale,  1  tic  sulphurous  acid  licit. g  easily  a  e  ins  ruled  by  its  solubility  in 
water  or  alkaline  solutions. 

Sulphuric  acid  acts  readily  on  metallic  oxides:  converting  them  info 
sulphates.  It  also  decomposes  earboroil  es  with  the  greatest  ease,  expelling 
carbon  dioxide  with  effervescence.  With  the  aid  of  heat  it  likewise  de- 
Composes  all  other  salts  containing  acids  more  volatile  than  itself.  The 
sulphates  are  a  very  importanl  class  of  salts,  many  of  them  being  exten- 
sively used  in  the  arts.  .Most  sulphates  are  soluble  in  water,  but  they  are 
all  insoluble  in   alcohol.      The  barium,  calcium,  strontium,  and  lead  salts 
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are  insoluble,  or  \<-ry  slight  ly  soluble,  iu  wafer;  and  are  formed  by  pre- 
cipitating a  soluble  sr.li.  of  either  of  those  metals  with  sulphuric  acid,  or  a 
Soluble  metallic  sulphate.  iluriuiu  sulphate  is  quite  insoluble  in  water; 
consequently  sulphuric  acid,  ov  its  soluble  salts,  may  be  detected  with  the 
greatest  ease  by  solution  of  barium  nitrate  or  chloride;  a  white  precipi- 
tate is  thereby  produced  which  does  dor  dissolve  in  nitric  acid. 

Htposuh'iiiikous,  or  Tinosui.cuuittt!  Acm.  — By  digesting  sulphur  with 
a  solution  of  potassium  or  .sodium  sulphii  e,  a  purl  ion  of  that  substance,  is 
dissolved,  ami  the  liipid,  by  siov,-  evaporation,  furnishes  crysLa'.s  of  hypo- 
sulphite.* The  acid  itself  is  scarcely  known,  for  ir.  cannot  be  isolated: 
when  hydrochloric  acid  is  added  to  a  solution  of  a  hyposulphite,  the  acid 
of  the  latter  is  almost  instantly  resolved  into  sulphur,  which  precipitates, 
and  sulphurous  .acid,  easily  it  cognized  by  its  odor.  In  very  dilute  solu- 
tion, however,  it  appears  to  remain  utidccumposod  for  some  time.  The 
moat  remarkable  feature  of  the  alkaline  hyposulphites  is  their  property 
of  dissolving  certain  insoluble  sails  of  silver,  as  the  chloride  —  a  property 
which  has  lately  conferred  upon  them  a  considerable  share  of  importance 
in  relation  to  tiie  art  of  phouijrraihy.  They  are  also  much  used  as  uuti- 
chlores  for  removing  the  last  traces  of   chlorine  from  bleached  goods. 

Dith ionic,  or  HiL'osui.i'Huiuc  Acm. — 'This  acid  is  prepared  by  sus- 
pending finely  divided  mauepme.se  dioxide  in  water  a.rlihoially  cooled,  and 
than  transmitting  a  stream  of  sulphurous  acid  gas;  the  dioxide  becomes 
monoxide,  half  its  oxygen  cunvertinii  the  sulphurous  into  dithionic  aeid.f 
The  manganese.  dit.hinnale  thus  prepared  is  decomposed  by  a  solution  of 
pure  barium  hydrate,  and  tiie  ba  ri.nu  salt,  in  turn,  by  enough  sulphuric 
acid  to  preoipitate  the  base.  The  solution  of  dithionic  acid  may  be  con- 
centrated by  evaporation  in  a  vacuum,  unlit  it  acquires  a  density  of  1-347; 
pushedfurther.it  decomposes  into  sulphuric  and  sulphurous  acids.  It 
has  no  odor,  is  very  sour,  and  forms  soluble  salts  with  baryta,  lime,  and 
lead  oxide. 

■  Thithionic  Acm  —  A  substance  nccideTilally  Tanned  by  [.a  thiols, j;  in  the 
prrpuration  of  potassium  hyposu'pli itc,  by  gently  beating  with  sulphur  a 
solution  of  potassium  carbonate  satnra.iod  with  sulphurous  acid.  It  is  also 
produced  by  the  action  of  sulphurous  oxide  on  potassium  hyposulphite. § 
Its  salts  bear  a  great  resemblance  to  those  of  hyposulphurous  acid,  but 
differ  completely  in  composition,  while  the  acid  itself  is  not  quite  so  prone 
to  change.  It  is  obtained  by  decomposing  the  potassium  salt  with  hydro- 
f.uosilioio  :i •  ■  i ■. I  :  ii  may  be  eoncentvalcd  atulcr  the  receiver  -fi  the  air-puiub, 
bui  is  gradually  decomposed  into  sulphur,  sulphurous  iinil  sulphuric  acids. 

Tetrathionic  Acid.  —  This  acid  was  discovered  by  Fordos  and  Getis.  || 
When  iodine  is  added  to  a-  solution  of  barium  hyposulphite,  a  large  quantity 
of  that  substance   is   dissolved,  and   a  clear   colorless  solution  obtained, 
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which,  besides  barium  iodi.le,  coiLiisin^  barium  tetril  h  locate.*  By  suitable 
means,  the  acid  can  be  eliminated,  and  obtained  in  !i  state  of  solution.  It 
very  closely  resembled  dithicnic  acid.  The-  same  acid  is  produced  by  the 
action  of  sulphurous  acid  (in  chlorine  ili sulphide, 

Pentathionic  Aoin.  — A  noting-  acid  of  sulphur  wits  discovered  by  Waek- 
envoder,f  who  formed  ii  by  the  action  of  hydrogen  sulphide  on  sulphurous 
acid.  J  It  is  color!  c.ss  and  inodorous,  of  acid  and  bitter  laste,  and  capable 
of  being  concentrated  to  a  coiisifierMldo  extent  by  emulous  evaporation. 

Dnder  the  influence  of  heat,  it  is  decomposed  into  sulphur,  sulphurous 
and  sulphuric  acid?,  and  hydrogen  sulphide.  Tin;  suits  of  pentathionic  acid 
are.  nearly  all  soluble.  The  barium  nab  evystnlii/.os  from  alcohol  in  square 
prisms.  The  acid  is  :dse  formed  when  lead  dilhionate  is  decomposed  by 
hydrogen  sulphide.  and  when  chlorine  n(«!;osulpliii.te  is  iieatcd  with  sul- 
phurous acid. 

Sulphur  with  Hydrogen. 

Hydrogen  MoNOsmnnPi;  ;  Krj'.i'HVimn;  Ac  in;  HypHosrr.piiCBiC  Aran; 
Sulphuretted  Hydrogen.-  There  are  two  methods  by  which  this  important 
compound  can  be  readily  prepared,  namely,  by  the  net  ion  of  dilute  sulphuric 
acid  upon  iron  monostilphide.  and  by  the  d'ocomposilion  of  antimony  tri- 
sulphido  with  hydrochloric  acid.  The  first  method  yields  it  most  easily, 
the  second  in  the  purest  state. 

Iron  monosu.lphii.lc  is  put  into  the  apparatus  for  h\  'linden,  already  scy  oral 
times  mentioned,  together  with  water,  and  oil  of  vitriol  is  added  by  the 
funnel,  until  a  copious  disengagement  of  gas  lakes  place.  This  is  to  be 
collected  over  tepid  water.      The  reaction  is  thus  explained:  — 

Iron  sulphide.        j  ^Jtar    — —— -^,  Hydrogen  sulphide. 

Water      .     .     .     J  Hydrogen-^^ 

I  Oxygen — ^>-^ 

iHtillib.tivic  oside — -^  ret'iacis  stihihate.3 

By  the  other  plan,  iincly  powdered  ■j.iitim.ony  trisulphide  is  put  into  a 
flask  to  which  a  cork  ami  bent,  tube  can  be  adapted,  and  strong  liquid 
hydrochloric  acid  poured  upon  it.  On  the  application  of  heat,  a  double 
interchange  occurs  bctwp.cn  the  bodies  present,  hydrogen  sulphide  and 
antimony  trichloride  being  formed.  The  action  lasts  only  while  the  heat 
is  maintained. 

(  Hydrogen -^r Hydrogen  sulphide. 

\  Ohlorine^^ 


Hydrochloric  acid 


:="- Antimony  chloride.|| 

Hydrogen  sulphide  is  a  colorless  gas,  having  the  odor  of  putrid  eggs;  it 
■.s  most  offensive  when  in  small   qnn.iil.iiy.  when  a  mere  trace  is  present  ir 
the  air.     It  is  not  irritating,   but,    on  the  contrary,   powerfully  narcotic. 
*       ;«aO.,Ito       +  Ts  =  Balj  +  BABa 

hjporalphiU,  iodide.  tetrathkaiata. 
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When  set  on  five,  it  burns  with  a  blue  flam?,  producing  sulphurous  acid 
when  the  supply  of  air  is  abundant;  and  depositing  sulphur  when  the 
oxygen  is  deficient.  Mixi.nl  with  chlorine,  it.  is  instantly  decomposed,  with 
separation  of  the  whole  of  (he  sulphur. 

This  gas  has  a  specific  gravity  of  1  -1  71  referred  to  air,  or  17  referred  to 
hydrogen  as  unity  ;    a  litre  weighs  1-ylnOl  grams. 

A  pressure  of  17  atmospheres  (it  1I.P  iot.P  I'',  j  reduces  it  to  the  liquid  form. 
Cohl  water  dissolves  its  ov,  n  volume  of  hydrogen  sulphide,  and  the  solution 
is  often  directed   to  be  kept  as  a  test;   it  is  so  „...  ,„„ 

prone  to  decomposition,  however,  by  the  oxygen 
of  the  air,  thai  it.  quickly  spoils.  A  much  better 
[ :  1 ;  l  n  is  to  keep  a  lit  I  le  an  nan- as  for  gone  rating 
l.lie  ga.s  always  nt  hand,  and  ready  for  use  at  a 
moment's  notice.  A  small  bottle  or  flask,  to 
which  a  bit.  of  bent,  tube  is  fitted  by  a  cork,  is 
supplied  with  n  little  iron  sulphide  and  water; 
when  required  for  use,  a  few  drops  of  oil  of 
vitriol  arc  added,  and  ilic  pas  is  at.  onee  evolved. 
The  experiment  completed,  the  liquid  is  poured 
front  the  bottle,  replaced  by  a  little  clean  water, 
anil  the  apparatus  is  again  ready  for  use. 

Potassium  heated  in  hydrogen  sulphide  burns 
with  great  energy,  becoming  cotiverlcd  into  sul|)ltide,  while  pure  hydrogen 
remains,  equal  in  volume  to  the  origin  id  gas.  Taking  this  act  into  account, 
and  comparing  the  .density  of  the  gas  with  these  of  hydrogen  and  sulphur 
vapor,  it  appears  that  every  volume  of  hydrogen  sulphide  contains  one 
volume  of  hydrogen  and  half  of  a  volume  of  sulphur-vapor,  the  whole 
condensed  into  one  volume,  a  tonsiiintion  precisely  analogous  to  that  of 
water- vapor.  This  rot-responds  very  nearly  wit  h  its  composition  by  weight, 
determined  by  other  means  —  naiuelv.  ii;  pari*  sulphur  and  1  part  hydrogen. 

When  a  mixture  of  100  measures  of  hydrogen  sulphide  and  150  measures 
of  pure  oxygen  is  exploded  by  the  electric  spark,  complete  combustion 
ensues,  and  100  measures  of  sulphurous  oxide  gas  result. 

Hydrogen  sulphide  is  a  frequent  product,  of  the  put  refaction  of  organic 
matter,  both  animal  and  vegetable;  it.  occurs  also  in  certain  mineral 
springs,  as  at  Harrogate,  and  elsewhere.  When  accidentally  present  in 
the  atmosphere  of  an  apartment,  it.  may  be  instantaneously  destroyed  by  a 
small  quantity  of  chlorine  gas. 

There  are  few  reagents  uf  greater  value  tti  the  practical  chemist  than 
this  substance:  when  brought,  in  Cuulact  with  many  metallic  solutions,  it 
gives  rise  to  prcoipita.tes,  which  arc  often  exceedingly  characteristic  in 
appearance,  and  it-  frequently  alio  ri  Is  I  he  me  a  us  of  separating  metals  from 
each  other  with  the  grea.tesi  precision  and  certainly.  The  precipitates 
spoken  of  are  insoluble  sulphide*,  formed  by  the  mutual  decomposition  of 
the  metallic  oxides  ov  chlorides  and  hydro  pen  sulphide,  water  or  hydro- 
chloric acid  being  produced  at  the  same  time.  All  the  metals  are  in  fact 
precipitated,  whose  sulphides  are  insoa.ble  in  water  and  in  dilute  adds. 

Arsenic  and  cadmium  solutions  thus  treated  give  bright  yellow  precipi- 
tates, the  former  soluble,  the  latter  insoluble,  in  ammonium  sulphide;  tin 
salts  give  a  brown  or  a,  yellow  precipitate,  according  as  the  metal  is  in  the 
form  of  a  stannous  or  a  stannic  sab  ;  both  soluble  in  ammonium  sulphide. 
Antimony  solutions  give  ait  orange-red  precipitate,  soluble  in  ammonium 
sulphide.  Copper,  lead,  bismuth,  mercury,  and  silver  salts  give  dark- 
brown  or  black  prccipiiat.es,  iu-uiohle  in  ammonium  sulphide;  gold  and. 
platinum  salts,  alack  » reel  pi  lutes,  Solirde  in  tuniieuii'.im  sulphide. 

Hydrogen  sulphide  po-scsscs  the  jiiopcvEica  of  an  acid;  its  solution  in 
nater  reddens  litmus-paper. 
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The  best  test  for  the  presence  of  ibis  compound  is  paper  wetted  with 
solution  of  lead  acetate.  This  salt  is  blackened  by  I  lie  smallest  trace  of 
the  gas. 

i/yiiV'.'/r^.  '^.^c ■',':■■■'■ /.'■■.  -  Th^  snl  'Si  a  li  '.'i'  ci'rrt'^i:onds  i?i  constitution  and 
instability  to  I  lie  hydrogen  dioxide ;  it  is  prepared  by  tho  following  means: 

Equal  weights  of  slakc.il  lime  and  hewers  of  sulphur  are  boiled  with  5  or 
6  parts  of  water  for  half  an  hour,  when  a  deep  orange-colored  solution  is 
produced,  containing,  among  other  things,  calcium  '.lisulphide.  This  is 
filtered,  and  slowly  added  to  an  excess  of  dilute  sulphuric  aoid,  with  con- 
stant agitation.  A  white  precipitate  of  separated  sulphur  and  calcium 
sulphate  makes  its  appearance,  together  with  a  quantity  of  yellow  oily- 
looking  matter,  which,  collects  at  tho  bottom  of  the  vessel:  this  ij  hydro- 
gen disulphtde.* 

If  the  experiment,  be  conducted  by  pouring  'he  tiri'l  into  the  solution  of 
the  sulphide,  then  nothing  but.  finely  divided  precipitated  sulphur  is  ob- 
tained. 

The  disulphide  is  a  yellow,  viscid,  insi'Iidflc  liquid,  exhaling  the  odor 
of  sulphuretted  hydrogen;  its  specific  gravity  is  1-760.  II  is  slowly  de- 
composed even  in  the  cold  ittiu  sulphur  and  hyilrogen  monosulphide,  and 
instantly    by   a    higher    temperature,    er    by    comae!     with    many   metallic 

Carbon  and  Sulphur. 

Carbon  Disulphide  or  Bisulphide,  f  —  A  white  porcelain  tube  is  filled 
with  pieces  of  charcoal  which  have  been  recently  heated  to  redness  in  a 
covered  crucible,  and  fixed  across  a  furimee  in  a  slightly  inclined  position. 
Into  the  lower  extremity  a  tolerably  wide  tube  is  secured  by  the  aid  of  a 
cork:  this  tube  bends-  downward,  and  passes  nearly  to  the  bottom  of  a 
bottle  filled  with  fragments  of  ice  and  a  little  water.  The  porcelain  tube 
being  heated  to  a  bright  redness,  fragments  of  sulphur  are  thrown  into 
tho  open  end,  which  is  immediately  aft.t  rwards  stopped  by  a  cork.  The 
sulphur  melts,  and  become,  converted  into  vapor,  which  at.  that,  high  tem- 
perature combines  with  the  carbon,  forming  :tn  exceedingly  volatile  com- 
pound, which  is  condensed  by  the  ice  and  collects  at.  the  bottom  of  the 
vessel.  This  is  collected  and  redistilled  at  a  \(ivy  gentle  heat  in  a  retort 
connected  with  a  good  condenser. 

For  preparation  on  the  large  scale,  a  tubulated  earthen  retort  is  filled 
with  charcoal,  and  the  sulphur  is  dropped  in  through  a  porcelain  tube 
passing  through  the  liibulus  and  reaching  nearly  to  the  bottom;  or  the 
charcoal  is  contained  in  a  largo  iron  cylinder,  and  llio  sulphur  introduced 
through  a  pipe  fitted  into  the  lower  part. 

ii.  ' t !'■,    ,1    i      I  :     I      ■    I      l    ■  i  ...  i!.  .'■liii'i   » I. man 

t.yi,.hsidi.l]ite,  ^ri.-iie;  II  mil  flu.  1 1; u i ^ I'.t  ul  tin.  o.yviCTi  ■■■'    H":  lIl-lli]ij]..,-.l:lI  Hull'  to  naolher  ]>a[' 

SCiiO         +         S,         —        SCaSj         +         SJiOjCsi 

(Usalpliide.        hypoaulpbfto. 

ciuuiSiLlt  ,.j;,llii. in, !;:■:!  . li s u I p hide. 

■    US. 

.lpimte, 

liydrogca,  water.  Lire!  cali'hon  (.ill- 


disulphide.               odd. 

=  H  MJi    + 

,:.,■  'ri:!.;' 

a.'.lL'   hl\\    pIMilllillil.   V.^lilr   III.'    .XlirSPi    Lit   Mil 
i.-il.:1     1.   :.  -i'i  bin-1'  i.l'  l'i;r  ri;,LL-m:i.-.ijnvi 

i,  sulphuretted  hyil 
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Carbon  disulphiile  is  it  trittfu-Mirrrit,  colorless  liquid  of  great  refractive 
and  dispersive  power.  Its  density  is  l-27:>,  that  of  iis  vapor  is  2-67.  It 
boils  at  43°  (110°  F.),  and  omits  vapor  of  considerable  elasticity  at  com- 
mon temperatures.  Thin  substance  ii:is  a  Tory  repulsive  odor.  When  set 
on  fire  in  the  air,  it  burns  with  a  blue  llatue,  forming  carbon  dioxide  and 
sulphur  dioxide  gases:  and  when  its  vapor  is  mixed  with  oxygen,  it  be- 
comes explosive.  Carbon  di sulphide,  when  healed  with  miter  in  a  sealed 
tube  to  about  lflli3  (;i(l7n  I1'.),  is  converted  into  carbon  dioxide  and  hydrogen 
sulphide.  In  cont iter,  with  naseeui.  hydrogen  ( when  heated  with  zinc  and 
dilute  sulphuric  add  j,  it  is  converted  into  a  white  crystalline  substance 
containing  carbon,  hydrogen,  and  sulphur.-  crystallizing  in  square  prisms, 
insolubleinwatpr,  alcohol,  and  ether,  bin.  soluble  in  carbon  disulphide, 
subliming  at  100°  [&&20  F. ),  anil  decomposing  at  200°.  Carbon  disulphide 
freely  dissolves  sulphur,  iitu.l  by  spoilt  an  onus  evaporation  deposits  the  latter 
in  beautiful  crystals:  it  also  dissolves  phosphorus,  iodine,  camphor,  and 
caoutchouc,  and  mixes  easily  wiih  oils,  Ir  is  extensively  used  in  the  vul- 
canization of  caoutchouc,  find  in  the  manufacture  of  gulta-percha,  also 
for  extracting  bitumen  from  uiineriil  ,-ubsi a tieos,  and  oil  from  seeds. 

Carbon  disnlphide  unii.es  with  metallic  sulphides,  funning  salts  called 
sulpkocarbaiiates,  which  have  the  composition  of  carbonates  with  the  oxygen 
replaced  by  sulphur.  By  treating  Hie  ammonium  suit  with  dilute  sulphuric 
or  hydrochloric,  acid,  an  oily  acid  liquid  is  precipitated,  consisting  of 
llydl'Ogen  sulphocarboiiate,  or  sulpuncarbauic.  acid.-j- 

Compounds  of  Sulphur  -with  Chlorine. 
When  dry  chlorine  is  passed  over  the  surface  of  sulphur  kept  melted  in 

a  small  ill  ass  rcuiri  et eclcd  with  a  ;;oo:l  eoudeii-ing  arrange  me  in,  a  deep 

orange-yellow  mobile  liquid  di-uils  ever.  having  a  peculiar  and  disagree- 
able odor,  and  boiling  ai  blip  (270°  .(■'. ).  As  to  is  substance  dissolves  both 
sulphur  and  chlorine,  it-  is  not  easy  to  obtain  it  in  a  pure  and  definite 
State.  It  contains  :.!2  parts  sulphur  and  fJ.Vii  chlorine,  and  is  called  sulphur 
Hiy/vjc.'iii.riil?  i  or  /uJit!i!.i-/}iiA,  also  nun/hi-  liisidpliidc.\ 

It  is  instantly  decomposed  by  water,  hydrochloric  and  hyposulphurous 
acids  being  formed,  and  sulphur  separated.  The  hyposulphurous  acid  in 
its  turn  decomposes  into  sulphur  nod  sulphurous  aoid.jj  By  exposing  the 
above  compound  for  a  e  onsi  derail  I  e  time  io  I  he  action  of  c  I:  lor  [no,  and  then 
distilling  it  in  a  stream  of  the  Lias,  a  deep-red  liquid  is  obtained,  at  a  cer- 
tain stage  of  the  distillation,  heavier  than  water,  boiling  at  164°,  and  con- 
taining twice  as  much  chlorine  as  the  n:oiioohltiride,  hence  called  sulphur 
tliekloride  or  chlorine  iii,oni:<itljih''...i-X  It.  appears,  however,  to  be  not  a  definite 
compound  of  sulphur  and  cidorine,  but.  a  mixture  of  the  preceding  with 
the  following  compound. 

A  compound  called  s'i!/i/,-ir  tdrir-hk,rhieA  containing  H2  parts  of  sulphur 
to  142  parts  of  chlorine,  appears  to  o\ist  in  combination  with  certain  me- 
tallic chlorides,  but  is  not  known  in  the  separate  state.  According  to 
Carius,**  the  red-brown  liquid,  obi  a  1  nod  as  above  m toil  ioned  by  saturating 
chlorine  disulphide  with   chlorine,  is  a  mixture  of  the  monochloride  and 


•  OSHfr 

\  Csl.Miinr.iiiOennt.j      .    ,     ,    CO;iCa  =  0\P.M 

i.:iL.- :,- ::iri».-|iiif  .      OS,:';l  -  CSvCUS 

HvilvopJ"  siili.lu'-i'J.vl.ouJ.te   (S3lla  =  CS..H.S 
t  SCI  or  *.f\. 

I        38,0^  +  BBfl    -     4HCI       +  S,       +        5,0iH5       (orSOSHs    +        B) 

SuLiili'ir    «":i:i:r.     IlyJvi,,  1,1. a!::  Sulalmr.            Ilji:,,-;il-     Sol  pin  nous        Sulphur. 


nonochloritln.  neifi.  pliuriius  ai'iii.       ai;i'l. 

<CL  or  S^CU  +  8C14.  f  SCI,. 

Ai.a.  (Jh.  V'littLKl-  cvi.  ":i\  ;  in.  Aid;  *.■«  id*.  Watt"'-  Paia.a.r'y  ;,f  <!hfiiii»try,  v.  a: 
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SELENIUM, 
is  proportions,  according  to  the  lemperatur 


Carbon  Oxtciilohibi!.*  —  This  compound,  also  called  phosgene  gas,  has 
been  already  mentioned.  It.  is  produced  by  the  direct,  combination  of 
chlorine  ao:i  carbon  mc:io.\u!c  under  the  influence  of  sunshine;  but  is 
more  easily  prepared  by  passing  carbon  monoxide  into  boiling  antimony 
pentaehlorides.     It  must  be  received  over  mercury,  as  water  decomposes  it. 

Carbon  SuLPHOCHLOiitDE.f  —  This  compound,  the  sulphur- analogue  of 
the  preceding,  is  produced,  together  with  chlorine  mouosulphide,  by  the 
action  of  dry  chlorine  on  curium  liisulplLido.;;;  or  by  passing  a  mixture  of 
hydrogen  sulphide  and  vapor  of  carbon  tetrachloride  through  a  red-hot- 
tube.^  It  is  a  yellow  liquid  having  ii  very  irritating  odor,  not  acted  upon 
by  water  or  acids,  bin  decomposed  by  potash,  yielding  potassium  sulphide, 
potassium  carbonate,  and  carbon  tetrachloride.  || 

Sui.vhur  A»u  BiuiiiiNi;.  — Itromine  dissolves  sulphur,  forming  a  brown- 
red  liquid  jirobablv  containing  a  sulfdiur  bromide  analogous  to  sulphur 
monochloride ;    lint  it  has  not  been  obtained  pure. 

Stii.PHiiH  aid  Iodine.  —  These  elements  combine  when  heated  together, 

even  under  water.  The  resulting,  compound,  containing  32  parts  of  sulphur 
and  127  parts  of  Iodine. |  is  a  blackish-gray  radio-crystalline  muss,  resem- 
bling native  antimony  sulphide.  It  decomposes  at  higher  temperatures, 
gives  off  iodine  on  exposure  to  the  air,  and  is  insoluble  in  water.  By 
heating  264  parts  of  iodine  with  "2  |iarts  of  sulphur,'**  a  compound  is 
obtained  which  smells  like  iodine,  ami  is  said  to  be  a  powerful  rcmody  in 
skin -diseases.  A  cinnabar-red  sulphur  iodide  is  obtained,  according  to 
Grosourdi,  by  precipitating  iodine  trichloriuc  with  hydrogen  sulphide. 


SELENIUM. 

This  is  a  very  rare  suh  stance,  muck  resembling  sulphur  in  its  chemical 
relations,  .in!  found  in  association  with  that  element  in  Home  few  luenlilies. 
or  replacing  it  in  ceriain  metallic  combinations,  as  in  the  lead  selenide  of 
Clausthal  in  the  Hartz. 

Selenium  is  a  reddish-brown  solid  body,  somewhat  translucent,  mil  hav- 
ing an  imperfect  metallic  lustre,  lis  specific  gravity,  when  rapidly  cooled 
after  fusion,  is  4-3.  At  100°,  or  a  little  above,  it  melts,  and  boils.  It  is 
insoluble  in  water,  and  exhales,  when  heated  in  the  air,  a  peculiar  and 
disagreeable  odor,  which  has  been  compared  to  that  of  decaying  horse- 
radish ;  it  is  insoluble  in  alooh  ol,  but  dissolves  slightly  in  carbon  bisulphide, 
from  which  solution  it  crystallines. 

Two  oxides  of  seleoiutn  are  known.  The  one  containing  the  smallest 
proportion  of  oxygen  is  formed  by  the  imperfect,  combustion  of  selenium 
in  air  or  oxygen  gas.  It  is  a  colorless  gas  which  is  the  source  of  the  pe- 
culiar horse-radish  odor  above  mentioned.      Its  composition  is  not.  known. 

The  higher  oxide,  culled  sckmtnts  oxi<k,  U  produced  by  burning  selenium 


*  ooou. 

1 CS,  +  Ob  =  CSC18 
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in  a  stream,  of  oxygen  gas;  it  i 
and  IJ!2  of  oxygen.  It  is  a  i 
rapidly,  forming  a  hydrate,  vii 


79-4    +    48+2      or  111-4  -f   I 


This  acid,  antilogous  in  eom]iosi:ion  and  proper-tics  to  sulphurous  acid,  is 
likewise  produced  by  dissolvini;  selenium  in  nitric  or  niti-o-iiiuriatic  acid. 
It  is  deposited  from  Us  liot  n.ipieous  solution  by  slow  cooling  in  prismatic 
crystals  like  those  of  saltpetre;  hut  when  the  solution  is  evaporated  to 
dryness,  the  selonious  acid  is  resolved  into  mi;ci  and  scleuious  oxide,  which 
sublimes  at  a  higher  temperature. 

Selenious  acid  is  a  very  powerful  acid,  approximaline  to  sulphuric  acid 
in  the  energy  of  its  reactions.  It  reddens  litmus,  decomposes  carbonates 
with  oll'orveseenoo,  anil  decomposes  oitrai  rs  and  chlorides  with  aid  of  heat. 
Its  solution  precipilui.es  lend  and  silver  salts,  and  is  decomposed  by  hydro- 
gen, sulphide,  yielding  a  precipitate  ot   selenium  sulphide.* 

The  metallic  scleuites  resemble  Hie  sulphites.  When  heated  with  sodium 
carbonate  in  the  inner  blowpipe  (lames,  they  emit  the  characteristic  odor 
of  selenium.    Thevars  not-  doc"mnoM'il    by  l-.oilinp;  with   hydrochloric  acid, 

Sdunk  Acid  is  a  more  highly  oxidi/.ed  acid  of  selenium,  is.tutlogous  to 
sulphuric  acid,  and  containing  711-1  parts,  by  weight,  of  selenium,  (i4  of 
oxygen,  and  2  of  hydrogen.  \  The  corresponding  anhydrous  oxide  is  not 
known.  Selenie  iici'l  is  prepared  by  i'usine:  potassium  or  sodium  nitrate 
with  selenium,  precipitating  the  sc'.eunle  su  produced  wilh  a  lead  salt,  and 
then  decomposing  the  eompouiid  with  hydrogen  sulphide-.  The  acid  strongly 
resembles  oil  of  vitriol;  bat.  when  very  much  concentrated,  decomposes, 
by  the  application  of  final,  into  selcnieus  acid  and  oxygen.  The  selunates 
bear  the  closest  analogy  to  the  sulphates  in  almost  every  particular.  They 
are  decomposed  by  boiling  with  hydrochloric  acid,  chlorine  being  evolved 
and  a  salt  of  seleniuus  acid  beiui:  produced. 

HVDH.OOEJJ  Snl.KNinx;  Ski.knhvouu-  A.um;  Sv.I.EHKTTED  HyDKOOEN. — 
This  substance  is  produced  by  I  he  acl  ion  of  dilute  sulphuric  acid  upon  po- 
tassium or  iron  selenide.  It.  very  much  resembles  sulphuretted  hydrogen. 
being  a.  colorless  fn.  freely  soluble  in  water,  and  decomposing  meiiLllic 
solutions  like  thai  subslauce ;  ins 'duhle  selenides  are  thus  produced.  This 
gas  is  said  to  act  very  powerfully  upon  the  lining  membrane  of  the  nosa, 
exciting  catarrhal  symptoms,  md  destroying  this  sense  y-'  smell.  It  cc  ' 
79-4  parts  selenium  and  2  parts  hydrogen. { 


This  element  possesses  many  of  the  characters  of  a  metal,  but  it  bears 
sn  close  a  resemblance  to  selenium,  both  in  its  physical  properties  and  its 
chemical  relations,  that,  it  is  mosl  appropriately  placed  in  the  same  group 
with  that  body.      Tellurium  is  found  in  a  few  scarce  minerals  in  association 

■'■    SeOiH,      +       SSH,       -       SOHs       -h       SeSj. 
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with  gold,  silver,  lead,  and  bismuth,  apparently  replacing  sulphur,  and  is 
ii'.nsl.  easily  extracted  from  the  bismuth  suluho-lcllurido  of  I'hemnirz  in 
Hungary.  The  finely  powdered  ore  is  mixed  with  nu  equal  weight  of  dry 
sodium  earbunato,  the  mixture  made  into  a  paste  ■.villi  oil,  find  heated  to 
whiteness  in  a  closely  covered  crucible.  Sodium  telturide  und  sulphide  are 
thereby  p-.-oduced,  and  iLLft :tl lio  bismuth  is  ret  free.  The  fused  mass  is  dis- 
solved in  water,  and  the  .-elm  ion  freely  exposed  te  tiie  air,  when  the  sodium 
and  sulphur  oxidize  to  sodium  hydrate  and  hyposulphite,  while  the  tellu- 
rium separates  in  the  metallic  state. 

Tellurium  has  the  color  and  lustre  or"  silver :  hy  fusion  and  slow  cooling 
it  may  be  made  to  exhibit  the  form  ol"  rhonibohcilial  crystals  similar  to 
those  of  antimony  and  arsenic.  It  is  brittle,  ami  a  comparatively  bad  con- 
ductor of  heat  and  electricity:  ii  has  a  density  of  (>■:>(>,  melts  at  a  little 
below  a  rs  d-hoal,  and  volatilizes  ai  a  higher  temperature.  Tellurium  burns 
when  healed  in  the  air,  ami  is  oxidized  by  nitric  acid. 

Tellurium  forms  two  oxides,  analogous   in  composition    to    the   oxides  of 
suiphuv.  and  likewise,  form  in;;  acids  by  combination  with  water. 
Compos i lien  by  ivcijilit..* 

Tellurous  oxide     .         .         .   "m""".^     82  *    US™' 

— -  acid  .         .  1-28     -|-48    +     2 

Telluric     oxide     .         .         .128    +     48 

acid    .        .         .         128     +64    +     2 

Tullueous  Ox i in-:  may  be  prepared  by  lieriline  'lie  precipitated  acid  to 
low  redness,  ll  also  separates  in  set:::  crystalline  grains  Ii  em  tiie  ay/ieous 
solution  of  the  acid  when  gently  healed  ;  moce  abundantly  and  in  well 
defined  octahedrons  I'eoru  the  solution  of  tellurous  acid  in  nitric  acid.  It 
is  fusible  and  volatile,  sliediily  scicble  in  w liter,  but  docs  not  redden  litmus. 
When  fused  wit  It  alkaline  liidrates  or  carbonates,  it  forms  tellurites. 

TellukOUS  Audi  is  best  ul.itaiued  by  decomposing  tellurium  tetrachloride 
with  water.  It  mar  also  be  prepared  hy  dissolving  tellurium  in  nitric  acid 
of  spec.  gr.  1-25,  and  pouring  (he  solution,  after  a  few  minutes,  into  a 
mass  of  water.  Hy  either  process  ii  is  obtained  as  a  somewhat  bulky  pre- 
cipitate, which,  when  dried  ever  oil  of  vitriol,  appears  as  a  light,  white, 
earthy  mass,  having  a.  bitter  incla.liic  taste.  It.  is  slightly  soluble  in  water, 
more  easily  soluble  in  alkalies  and  acids,  the  nitric  aeid  solution  alone  being 
unstable.  Sulphurous  acid,  zinc,  phosphorus,  .and  other  reducing  agents, 
precipitate  metallic  tellurium  from  the  acidiiicd  solution  of  tellurous  acid. 
Like  selenious  aei.d,  ii  is  decomposed  by  hydrogen  sulphide  and  alkaline 
sulph-hydrates,  with  formation  of  a  ibu-ii  browu  tellurium  sulphide,  whieh 
dissolves  readily  in  excess  of  alkaline  sulph-hydrate,  forming  a  sulpho- 
tellurite. 

Tellurous  acid  is  a  hydrate  in  which  the  acid  am!  basic  tendencies  are 
nearly  balanced  ;  in  other  words,  the  tellurium  of  the  compound  can  replaco 
the  hydrogen  of  an  acid  to  form  tellurous  salts,  and  the  hydrogen  of  the 
compound  can  be  replaced  by  the  biisylous  metals,  to  form  metallic  tellu- 
rites.-]-    The  tellurites  of   potassium,  sodium,  barium,  strontium,  and  eal- 

ii.  i.l     1    I    71  IuOj.OHj, 
ocitl    TuCljflj    =    TaOj.OHj 
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cium,  are  formed  by  fusiii;:  lellnrons  oxide,  or  a.oid.  with  the  carbonates 
of  the  several  moials  in  tin'  mjuired  proportions.  Those  tellurites  (ire 
all  more  or  less  soluble  iti  water.  The  tellurites  of  the  other  metals,  which 
are  insoluble,  are  obtained  by  precipitation. 

Telluric  Oxide  and  Acid.' — Equal  parts  of  tellurous  oxide  and  sodium 
carbonate  are  fused,  and  llie  uroduet  is  dissolved  in  water;  a  little  sodium 
hydrate  is  added,  and  a  stream  of  chlorine  passed  through  tho  solution. 
The  liquid  is  next  saturated  with  ammonia,  and  mixed  with  solution  of 
barium  chloride,  by  which  a  white  insoluble  precipitate  of  barium  tellurate 
is  thrown  down.  This  is  washed  and  digested  wiili  a  quail  er  ol'iis  weight 
of  sulphuric  acid,  and  diluied  with  u-iucr.  The  filtered  solution  gives,  on 
evaporation  in  the  air,  large  crystals  ot  Udiuric  acid,  containing  water  of 
crystallization.* 

Crystallized  telluric  aeid  is  freely.  ii.lihoui;h  slowly,  soluble  in  water;   it 

has  a  metallic  taste,  and  reddens  ]ii s-papor.      The  crystals  give  off  their 

water  of  crystallization  at.  H".!",  ami  (lie  remaining  acid,  when  strongly 
heated,  gives  off  move  water  and  yields  tho  anhydrous  oxide,  which  is  then 
insoluble  in  water,  and  even  hi  ;i.  boiling  a!';a'.;ue  liquid.  At  the  temperature 
of  ignition,  telluric  oxide  loses  o.xygen.  and  passes  into  tellurous  oxide. 

The  tellurites  of  the  alkali-metals -i-  are  soluble  in  water,  and  are  prepared 
by  dissolving  the  required  quantiliea  of  telluric  acid  and  an  alkaline  car- 
bonate in  bo!,  water.  The  olbcr  telluraies  ale  inso5ttt.de,  and  are  obtained 
he  precipitation. 

Tellurium  Sulphides.  J  —  Tellurium  forme  two  sulphides,  analogous  in 
composition  to  the  oxides;  they  arc  formed  by  (be  action  of  hydrogen  sul- 
phide on  solutions  of  lelbirous' a.cid   and  telluric   acid  respectively.      They 

ore  brown  or  black  substances,  which  uuile  with  metallic  sulphides,  forniiu;; 
salts  called  sulpbofelkirii.es  and  sulphotelluratcs. 

Hydrogen  Tellukide.  —  Tdiurhijih-U:  iiri'.l.  I!!i<iri,H!une.  acid,  or  Tellaretted 
Hydrogen.  I  —  This  compound  is  a  e;as.  rose  mb  I  me;  suloiuiretted  and  seleni- 
etted  hydrogen.     It  is  prepared  by  the  action  of  hydrochloric  acid  o~   -:"  ■ 

to  the  a 

Tellubiuh  Chlorides.  ||  —  Tellurium  forms  a  diohloride  and  a  tetra- 
chloride, both  volatile  ami  "decomposable  by  excess  of  water,  the  latter  being 
completely  resolved  into  [iillurous  and  hydrochloric  acids, %  The  tetra- 
ehloridc  unites  with  the  chlorides  of  i  lie  ai  kali-metals,  to  form  cry stalliz able 
double  salts. 

The  bromides  and  hniika  of  1'V.uriui."  correspond  to  the  chlorides  in  prop- 
erties and  composition. 

*  Ct»!t8lliM-rlf.-lliinrn'i:i'l,,l\-0.ilI-;-a01Ii!  acW  ariea  *t  100°,  TcOjHj. 

1    ftc-nlral  n-ussium  (diiiraw        .        .        .        .        t^cIkJI 

ln.:i  lni.  i.l      .  'JVil.i-»T.-i.,ll,: 

AnUvdrm^miiKtritellutatB Trcyij.aiVO,. 

1  TeSs  »n<]  TeSs.  1  T„HS.  ||  TM<  ami  T,i.;j;. 
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This  element,  ihc  basis  of  boric  or  horacie  acid,  is  prepared  by  healing 
ihc  double  iluovide  of  boron  ami  potassium  with  metallic  potassium  in 
a  small  iron  vessel,  and  washing  tun  'he  soluble  si:  lis  «  ii  li  water.  It  is  a  dull, 
f:ri:i;r3ij.h-ij]-owii  powder,  which  burns  in  the  stir  when  heated,  producing 
boric-  oxide.  Nil  - i c  acid,  alkalies  in  the  fused  stale,  chlorine,  and  other 
agents,  attack  it  readily. 

By  a  process  analogous  10  i  luil  :i.inp:.:d  for  the  preparation  of  the  diamond 
variety  of  silicium,  IVohliT  and  licvilhi  have  procured  also  the  correspond- 
ing modification  of  boron.  It  cry siiillij.es  in  si [Ui.ro  octohedrons,  generally 
of  a  brownish  color,  possessing;  very  nearly  the  hardness  and  refractive 
power  of  diamond.  It  is  infusible  in  (ho  name  of  r.iio  o*y-hydrogen  blow- 
pipe, but  burns  in  o'vgen  at  the  same  Loniperiuiire.  at  which  the  diamond 
is  oxidised.      Irs  specific  gravity  is  2-68. 

By  fusing  boric  oxide  with  aluTiiijiiiini,  Wh'liler  and  Deville  likewiso  ob- 
tained, together  with  diamond  boron,  a  small  quantity  of  graphite-like 
substance  which  tliey  at  lirst  regarded  as  a  gra.phiiohlal  modification  of 
boron ;  "but  by  mure  roc  cm  a  .vi:cr  intents,  they  nave  found  that  it  is  a  com- 
pound of  boron  ivii.h  aluminium.  Tills  coui)n)ni]d  is  obtained  in  larger 
quantity  by  passing  the  vapor  or  boric  chloride  over  fused  aluminium.  It 
crystallizes  in  thin  opaque  siv  sided  u'tUcs,  having  a  pale,  copper- color,  and 
perfect  metallic  lustre. 

Boric  Oxide  anh  Acid.* —  There  is  but  one  oxide  of  boron,  namely, 
boric  oxide,  containing  11  parts  of  boron  and  48  of  oxygen.  It  unites 
with  water  and  metallic  oxides,  forming  boric  ne'.d  and  metallic  borates. 

Boric  or  Bow.rk  Aeiil,  m  Ibiih-mi-n  B-jrnir,  contains  1.1  parts  boron,  48 
oxygen,  and  3  hydrogen,  or  7  parts  borie  odde,  and  J  I  water.  It  is  found 
in  solution  in  the  water  of  tbe  Lot  volenuie  lagoons  of  Tuscany,  whence  a 
largo  supply  is  at  present  tlerived.  It.  is  also  easily  tnudo  by  decomposing 
with  sulphuric  acid  a  hot  solution  of  borax,  a  salt  brought  from  the  East 
Indies,  consisting  of  sodium  borate. 

Borie  acid  crystallizes  in  transiatrr-nt  colorless  plates,  soluble  in  about  25 
parts  of  cold  water,  and  in  a  much  smaller  quantity  at  the  boiling  heat; 
the  acid  has  but  little  taste,  ami  feebly  allcets  vegetiiblc  colors.  When 
heated,  it  loses  water,  am!  mulls  to  a.  glassy  trans  parent  mass  of  anhydrous 
boric  oxide,  which  dissolves  many  tuelallie  oxides  will)  great  case.  The 
Crystals  dissolve  in  alcohol,  and  the  solution  burns  with  a  green  flame. 

Glassy  borie  oxide,  in  a  state  of  fusion  requires  for  ils  dissipation  in 
vapor  a  very  intense  ami  long-continued  heal;  the  aqueous  solution  cannot, 
however,  be  evaporated  without  very  appreciable  loss  by  volatilization : 
hence  it  is  probable  that  the  acid  is  far  more  volatile  than  the  anhydrous 

By  heating  in  a.  gla.ss  flask  or  retort,  1  pun.  of  vitrified  borie  oxide,  2  of 
fluor-spar,  and  12  of  oil  of  vitriol,  a  gasoor.s  h,rr,»  jbi'jrklf\  may  be  obtained, 
and  received  in  gla.ss  jars  standing  ever  mercury.  I.I  is  a  transparent  gas, 
easily  soluble  in  water,  and  very  heavy;  it  terms  a  dense  fume  in  the  air,  like 
the  fluoride  of  silicium. 

Bokon  NiTitinE.J  —  This  compound,  containing  11  parts  of  boron  and  14 
of  nitrogen,  is  produce.il  by  heating  boric  oxide  with  metallic  cyanides,  or 


>sie,c,    tUV,.     ItMlo  a..;it,  13.0.;,  SiU\-  ■■l^.',U, 


y/  Google 


SILICITJM.  209 

by  heating  io  bright  redness  si  inixl  are  of  -::'..  ammoniac  iiml  pure  anhy- 
drous "borax.*  It  is  a  w  bite  amorphous  powder,  insoluble  in  water,  infus- 
ible anil  non-volatile.  When  heated  it,  n current  (if  Ht.na.rn,  it  yields  ammonia 
and  boric  oxide,  |-  and  likewise  gives  oil'  a  large  quantity  of  a.mmonia  when 
fused  with  potash. 

IJr.Ton  Ohlnriilez.  ",;ts  formerly  believed  io  bo  a  permanent  gas :  reeen!  re- 
searches  have  proved  thai,  it  is;  a  liquid,  boiling  at.  l~°,  decomposed  by 
water,  with  production  of  boric  and  hydrochloric  acids,  ami  fuming  strongly 
in  the  air.  It  may  be  mosi  easily  oWained  by  exposing  to  the  action  of 
dry  chlorine  at  a,  very  high  temperature  an  intimate  mixture  of  glassy 
boric  oxide  and  charcoal,  il  resembles  in  constitution  the  lower  chloride 
of  phosphorus. 

There  is  also  a  Boron  bromide  %  of  sin 


SILICIUM.. 

Silicium,  sometimes  called  silicon,  in  union  with  oxygen  constituting 
silica,  Or  the  earth  of  hints,  is  a  very  abundant,  substance,  and  one  of  great 
importance.  It  enters  largely  into  rbe  composilion  of  many  of  tho  rocks 
and  mineral  masses  of  which,  the  .surface  of  (.he  earth  is  composed.  The 
following  process  yields  silicium  most  readily.  The  double  fluoride  of  si- 
licium and  potassium  is  heated  in  a  glass  lube  will;  nearly  its  own  weight 
of  metallic  potassium;  violent  reaction  ensues,  and  silicium  is  set  free. 
When  en!.!,  tho  contents  of  1  he  tube  isi  e  put  into  cold  "a  tor,  which  removes 
the  saline  matter  and  any  residual  potassium,  ami  leaves  the  silicium  un- 
touched. So  prepared,  silicium  is  a  dark-brown  powder,  destitute  of  lustre. 
Heated  in  the  air,  it  burns,  and  become.-  superficially  converted  into  silica. 
It  is  also  acted  upon  by  sulphur  and  by  cblorine.  IV lieu  silicium  is  strongly 
heated  in  a  covered  crucible,  it-  properties  are  greatly  changed  ;  if,  becomes 
darter  in  color,  denser,  and  incombustible,  refusing  to  burn  even  when 
heated  by  the  llame  of  the  oxy- hydrogen  blowpipe. 

According  to  recent,  researches  by  Woiilev  ami  .Oeville,  silicium,  like 
carbon,  is  capable  of  existing  in  three  different  m<  edifications.  The  modi- 
fication above  mentioned  corresiionds  to  the  amorphous  variety  of  carbon 
(lampblack).  The  researches  jn.sl  quoted  have  established  the  existence  of 
modifications  corresponding  Io  (be  diamond,  and  to  the  graphite  variety 
Of  Carbon.  The  diamond  modification  of  silicium  is  most  readily  obtained 
by  introducing  into  a  red-hot  crucible  a  mixture  of  ft  parts  of  potassium 
silico-fluoride,  1  part  of  sodium  in  small  fragments,  and  I  part  of  granu- 
lated zine,  and  heating  to  perfect,  fusion.  On  slowly  cooling,  there  is 
formed  a  button  of  zinc,  covered  ami  interspersed  with  needle-shaped 
crystals  consisting  of  octahedrons,  joined  in  the  direction  of  the  axis.  This 
crystallized  silicium,  which'  may  be  readily  freed  from  y.inc  by  treatment 
with  acids,  resembles  crysialli/od  lueiaatite  in  color  and  appearance:  it 
scratches  glass,  and  fuses  at  a  temperature  approaching  the  melting -point 

-       NaAUBaDu      +       2NH,C1       -      2BN      +      B5O3      +      2\nC!        f      4011. 
t         2BN  1.       3011,  -  2MI3  +  BjOs. 
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of  oast  iron.  Tin;  graphite  modification  of  siliciuni  is  prepared  by  fusing, 
in  a,  Hessian  crucible.  0  parts  of  soluble  glass  (potassium  silicate),  10  parts 
of  cryolite  (sodium  ami  aluminium  fluoride),  wiih  1  part,  of  aluminium . 
On  treating  the  resulting  button  of  aluminium  with  bv ■■  I ro chloric  acid,  the 
silicium  remains  in  I  lie  form  of  scaly  crystals,  resembling  graphite,  but  of 
somewhat  brighter  color.  serarciiing  glass,  lii;e  lhe  previous  modification. 
It  is  infusible.      Irs  specific  gravity  is  2-49. 

Silica,  or  Sij.icto  Oxtdk.  —  This  is  the  only  known  oxide  ; 
'8'  it.  eonfiins  :l'i  pni-; h.  sijeium  ami  ilJ  ['arts  oxygen.*     Color- 

loss  transparent  rock-crysial  consists  of  silica  very  nearly 
in  a  state  of  purity;  common  uaiart*,  si.gn.ip,  chalcedony, 
flint,  and  several  other  mineral.-,  strc  also  chiefly  composed 
of  this  substance. 

The  experiment  si.  hoi  M  tn  pie  described  furnishes  silica  in  a 
state  of  complete  purity,  and  at  J  lie  same  lime  exhibits  one  of 
the  most  rein  ark  able  properties  of  siiicium  — namely,  its  at- 
in for  fluorine.  A  mixture  is  made  of  equal  parts  fluor- 
spar and  glass,  liolll  finely  pondered  and  introduced  into  a 
glass  flask,  with  a  quaintly  of  oil  of  vitriol.  A  tolerably 
wide  bent  tube,  fitted  to  the  flask  by  a  eorli,  passes  to  the 
bottom  of  a  glass  jar,  into  wliinli  enough  mercury  is  poured 
to  cover  the  extremity  of  iiie  lube.  The  jar  is  then  half  filled  with  water, 
and  heat  is  applied  to  the  flask. 

The  first  effect  is  the  disengagement  of  hydrofluoric  acid:  this  sub- 
stance, however,  finding  itself  in  contact,  with  iho  silica  of  the  powdered 
glass,  undergoes  decomposition,  water  and  silicium  fluoride  being  produced. 
The  latter  is  a.  permanent  gns,  which  e "■capes  from  the  flask  by  the  bent  tube. 
By  contact  with  a  large  quantity  of  water,  il  is  in  turn  decomposed,  yield- 
ing siliea,  which  separate-  iu  a  beautiful  gelatinous  condition,  and  an  acid 
liquid,  which  is  a  double  silk-iiun  and  hydrogen  fluoride,  commonly  called 
hydrofluosilicio  or  silieoilnorie  acid.f  The  silica  may  be  collected  on  a 
cloth  filter,  well  wa.shed,  dried,  and  heated  to  redness  to  expel  water. 

The  acid  liquid  is  kept  a.s  a  test  for  barium  and  potassium,  with  which 
it  forms  nearly  inso'uhlc  precipii.-ii  es,  i  he  double  fluoride  of  silicium  and 
potassium  being  used,  as  was  slated,  in  the  pn-paration  of  silicium.  Sili- 
cium fluoride,  instead  of  being  c  end  en  soil  into  waicr,  may  be  collected  over 
mercury:  it  is  a  permanent  gas,  destitute  of  color,  and  very  heavy.  Ad- 
mitted into  the  air,  it  condenses  the  moisture  of  the  latter,  giving  rise  to  a 
thick  white  cloud.  It  is  important  in  the  experiment  above  described  to 
keep  the  end  of  the  delivery-tube  from  louohing  ibe  water  of  the  jar,  other- 
wise it  almost  instantly  becomes  stopped  :  i  lie  mercury  eil'eets  this  object. 
Pure  silica  may  also  be  prepared  by  another  method,  which  is  very  in- 
'.s  the  basis  of  the  pruoeeding  adopted  in  the  ina- 
ierals.  Powdered  rock-erystal  or  line  sand  is 
mes  its  weight  of  dry  sodium  ea.r  lion  site,  and  the 
.m  crucible.  When  cold,  I  he  glassy  mass  is  boiled 
.s  softened  ant!  almost  entirely  dissolved.  An  ex- 
.s  then  added  to  the  filtered  liquid,  and  the  whole 


struef.ive,  inasmuch  a 
lysis  of  all  siliceous  mil 
mixed  with  about  three  ii 
mixture  fined  in  a  pint  inn 
with  water,  by  which  it  it 
cess  of  hydrochloric  acbl  is 
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evaporated  to  complete  dryness.      By  this  treatment  the  gelatinous  silica 

thrown  down  by  rlio  ucid  becomes  coin  pi  el  el  y  insiilun'ic,  and  remains  belli  ml 
when  the  dry  saline  mass  is  i  reared  vviili  acidulated  wiiifr,  "by  which  the 
alkaline  salts,  altiminn,  ferric  oxide,  lime,  mid  many  other  bodies  which 
may  happen  t.c  be  present,  are  removed.  The  silica  is  washed,  dried,  and 
heated  to  redness. 

The  most  promineni  characters  of  silica  are  the  following:  if.  is  a  very 
fine,  white,  dateless  powder,  having  a,  density  of  about •  :iaio,  fusibio  iinlj 
by  the  oxy-hydrogen  blowpipe.  When  once  dried,  silica  is  j;.-.'.  sensibly 
solublo  in  water  or  dilute  acids  fwiiti  tlie  e\ecpiinn  of  hydrofluoric  acid), 
lint  on  adding  hydrochloric  acid  to  a  very  dilute  solution  of  potassium  sili- 
cate, the  liberated  si  lien  icmainH  in  solution.  From  this  mixed  solution  of 
silica  and  potassium  chloride,  the  latter  may  lie  separated  by  diffusion 
Jeomp.  p.  149),  whereby  it  moderately  conccnt.riiled  solution  of  silica  in 
water  is  obtained.  This  solnt.ii.iri  bus  a  distinctly  acid  reaction:  it  presents, 
however,  but  little  stability.  When  kept  for  some  time,  it  gelatinises,  the 
silica  separating  in  the  insoluble,  modification.  The  same  effect  ia  produced 
by  the  addition  of  a  few  drops  of  sulphuric  or  nitric  acid,  or  of  a  solution 
of  salt. 

Silica  ia  essentially  ari  acid  oxide,  forming  silts  with  basic  metallic! 
oxides,  and  decomposing  a'1  suits  of  volatile  acids  when  heated  Willi  them. 
In  strong  alkaline  liquids  it  is  freely  soluble.  When  heated  with  bases, 
especially  those  which   are  capable    of  undergoing    fusion,   it  unites  with 

of  the  potassium  and  sodium  silieulcs.  Rlieu  the  proportion  of  base  is  con- 
siderable. Common  glass  is  a  mixture  of  several  silicnt.es,  in  which  the 
reverse  of  this  happens,  the  silica  being  in  excess.  Even  glass,  however, 
is  slowly  acintl  upon  by  water. 

Finely  divided  silica  is  highly  useful  in  the  manufacture  of  porcelain. 

SiLiCiUM  Hvinunr,  or  Stj'.icatkh  JIyiu'iic.ev,  was  discovered  by  Buff  and 
Wiihler,  who  obtained  this  gas  by  passing  1111  eleciric  current  through  a 
solution  of  sodium  chloride,  the  positive  pole  employed  consisting  of  alu- 
minium containing  silieiuui.  More  recently  Wohlcr  and  Martins  produced 
this  gas  by  treating  magnesium  containing  silieium  with  hydrochloric  acid. 
Both  methods  yield  silieiuui  hydride  mixed  wii.li  free  hydrogen.  Friedel 
and  Ladenburg,  however,  l>y  :i  process  '.vhich  will  be  described  further  on. 
have  obtained  it  pure,  and  shown  that  jt  consists  of  iirt  parts  by  weight  of 
silioium  and  &  parts  of  hydrogen."'  Silieium  hydride  is  a  colorless  gas.  In 
the  impure  state,  as  obtained  by  the  i.wo  processes  above  given,  it  takes 
fire  spontaneously  on  coming  in  contact  with  the  air,  and  burns  with  a 
white  flame  evolving  clouds  of  silica.  Tore  s'dicium  hydride,  however,  docs 
not  ignite  spontaneously  under  the  ordinary  atmospheric  pressure;  but  on 
passing  a  bubble  of  air  into  I  lie  rarefied  gus  standing  over  mercury,  it  takes 
fire,  and  yields  a  deposit  ot  amorphous  silieium  mixed  with  silica.  On 
passing  silieium  hydride  through  a  red-hot  tube,  it  is  decomposed,  silieium 
being  deposited. 

Compounds  or  Sii-inim  ami  ('uloiune.  ■ — .Silieium  unites  directly  with 
chlorine,  forming  a  tetrachloride. -f  This  coin  pun  ml  is  obtained  by  mixing 
finely  divided  silica  with  elia^-coal  powder  and  oil,  strongly  heating  the 
mixture  in  a  covered  evueil.de,  and  then  exposing  i.'ne  mass  so  obtained  in  a 
porcelain  tubo  heated  to  full  redness,  to  the  action  of  perfectly  dry  chlorine 
gas.  A  good  condensing  arrangement,  supplied  with  ice-cold  water,  must 
be  connceted  with  ihe  porcelain  tube.  The  product  is  a  eolurless  and  very 
volatile  liquid,   boiling  at   5U°,  of  pungent,    sulfonating   odor.      In  contact 
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with  water,  it  yields  hydrochloric  acid  and  gelatinous  ailica.  This  sub- 
stance contains  \1H  parts  silieinm  and  ii'Z  chlorine. 

When  hydrochloric  acid  gas  is  passed  over  crystaiii/cd  silioium,  healed 
to  a  temperature  below  redness,  a  vtry  volatile  inllammaMe  liquid  is  ob- 
tained, which,  when  purified  by  distm.afiori,  has  the  composition  of  silirium 
hydrvtrickloriilc,*  containing  2H  yans  silkiu.ui,  1  hydrogen,  and  10B'5 
chlorine.  This  compound  in  decomposed  by  water,  forming  a  white  oxy- 
geniitod  body,  probably  silk  inn.  hj/tlr"<rii)Xi'k,  \  v.- hid.  by  prolonged  contact 
with  water  is  further  decomposed,  v,  it  it  evolution  of  hydrogen  and  forma- 
tion of  silica. 

A  mixture  of  siller i:n  hyili-i:-: l-iclilu i-i ;li-  ami  i; rom inc.  heated  to  100°  in  a 
closed  vessel,  become  dark-cu'lorcd,  and  is  enlivened  into  the  bromotri- 
chloridt.  % 

Sili'-i'ivi  t(trohroi)'.\<k:.\  o'alalued  like  the  lei  raohloride,  resembles  that 
compound,  but  is  less  volatile. 


PHOSPHORUS. 

Phosphorus  in  the  state-  of  phosphoric  acid  is  contained  in  the  ancient 
unstratified  rocks,  and  jji  the  lavas  of  modern  origin.  As  these  disintegrate 
and  crumble  down  into  fertile  soil,  ihe  phosphates  pass  into  the  organism 
of  plants,  and  ultimately  into  the  bodies  of  the  animals  to  which  these 
latter  serve  for  food.  The  earthy  phospliat.es  play  a  very  important  part 
in  the  structure  of  the  animal  frame,  by  communicating  stiffness  and  in- 
flexibility to  the  bony  skeleton. 

Phosphorus  was  discovered  in  1G09  by  Brandt,  of  Hamburg,  who  pre- 
pared it  from  uvine.  The  following  is  an  outline  of  the  process  now 
adopted.  Thoroughly  calcined  hones  arc  reduced  t 
with  two  thirds  of  their  weight  of  si '   ' 


quantity  of  w 


.eid  diluted  with  a  considerable 


pe,  after  standing  seme  hours,  is  filtered,  and 

the  nearly  insoluble  oaf  ■ram  sulphate  is  washed, 
The  liquid  is  then  evaporated  in  a  syrupy  con- 
sistence, mixed  with  charcoal  powder,  and  the 
desiccation  completed  in  an  iron  vessel  exposed 
to  a  high  temperature.  When  quite  dry,  it  is 
transferred  lo  a.  SMiiewarc  retort,  to  which  a 
wide,  bent  tube  is  luted,  dipping  a  little  way 
into  the  water  contained  in  the  receiver.  A 
narrow  tube  serves  to  give  issue  to  the  gases, 
which  are  conveyed  to  a  chimney.  This  manu- 
facture is  now  conducted  on  a  very  large  scale, 
the  consumption  of  phosphorus,  for  the  appar- 
ently trifling  article  of  instantaneous-liglit 
matches,  being  somolhinj;  prodigious. 

I.'liosphorus.  when  pure,  very  much  resembles 
in  appearance  imporfeciy  bleached  wax,  and  is 
soft  and  flexible  at  common  temperatures.  Its 
density  is  ]  '77.  and  that,  of  its  vapor  4 ■:■'-".,  air  being  utiisy.  or  !.'_;  referred 
to  hydrogen  as  unity.  Itmclls  at  44°  (111°  I1.),  and  boils  at  280°  (iJB<>°  V ■). 
On  slowly  cooling  melted  phosphorus,  we'!  formed  dnilecahedroiis  are  some- 
limes  obtained.      It  is  insoluble  in  H'ater,  and  is  usually  kept  immersed  in 
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that  liquid,  but  dissolves  in  oils,  in  native  naphtha,  and  especially  in  car- 

bon  bisulphide,  When  set  nn  lire  in  the  nir,  it.  boms  with  a  bright  flame, 
generating  phosphoric  oxido.  Phosphorus  is  exceedingly  inflammable;  it 
sometimes  takes  fire  by  t.liii  bout,  of  the  hand,  and  demand*  great  care  in 
its  management;  a  blow  or  hard  rob  will  very  often  kindle  it.  A  stick  of 
phosphorus,  held  in  the  air  always  appeal's  t.n  emit  a  whitish  smoke,  which 
in  the  dark  is  luminous.  This  eft'eer  is  chiefly  due  to  a  slow  combustion 
which  this  phosphorus  urideegoos  by  riie  oxygen  of  the  air,  and  upon  it 
depends  one  of  the  methods  employed  for  the  analysis  of  air,  as  already 
described.  It  is  singular  that  the  slow  oxidation  of  phosphorus  may  be 
entirely  prevented  by  the  presence  of  a  small  quantity  of  olefiant  gas,  or 
the  vapor  of  ether,  or  some  essential  oil:  phosphorus  may  oven  be  distilled 
in  an  atmosphere  containing  vapor  of  oil  of  turpentine  in  considerable 
quantity.  Neither  docs  the  notion  lvo  on  in  pure  oxygen—  at,  least,  at  the 
temperature  of  IiV'j3  (!>0°  !:'.},  which  is  very  remarkable;  but  if  the  gas 
be  rarefied,  or  diluted  with  nitrogen,  hydrogen,  or  carbonic  aeid,  oxidation 
is  set  up. 

A  very  remarkable  modifieiiihui  of  (nis  e '.ei-c :i;  is  known  by  the  .lame  of 
amorphous  phosphorus.  It  was  discovered  by  !ioh  nil  lor,  and  may  be  made 
by  exposing  common  phosphorus  for  fifty  hours  to  a  temperature  of  from 
240°  to  250°,  (4o4°-482  F°.),  in  an  atmosphere  which  is  unable  to  act  chem- 
ically upon  it.  At  this  teiuperiiiiirc  ii.  becomes  rod  and  opaque,  and  insol- 
uble in  carbon  bisulphide,  whereby  it  nui.y  bo  separated  from  ordinary 
phosphorus.  It  may  bo  obtained  in  eooLpnet.  musses  when  common  phos- 
phorus is  kept  for  eight,  days  at  a  ooustuni.  high  fcoipe.rni.urc.  It  1b  a  coher- 
ent, reddish-brown,  infusible  •  ubstnueo,  of  spooilie  gravity  between  2-089 
and  'i'lOb.  It  does  not  become  luminous  in  the  dark  until  its  temperature 
is  raised  to  about  2I.KP.  nor  lias  it  any  leudoney  ro  combine  with  the  oxygen 
of  the  air.  When  beared  to  HiiO'J  (500°  F-),  it  is  reconverted  into  ordinary 
phosphorus. 

Cowpotm'h  '.'f  J.'i>'.i.<iii',ms  nud  Oxygen. 

When  phosphorus  is  molted  beneath  the  surface  of  hot  water,  and  a 
stream  of  oxygon  pis  forced  upon  it.  iron;  n  bladder,  eombustion  ensues, 
and  the  phosphorus  is  converted  in  great,  part,  into  a  brick-red  powder, 
which  was  formerly  believed  to  be  a  peculiar  oxide  of  phosphorus;  but 
Sohrotter  has  shown  that  it  is  a  mixture,  consisting  chiefly  of  amorphous 
phosphorus. 

There  are  two  definite,  oxides  of  phosphorus,  in.  which  the  quantities  of 
Oxygen  united  with.  ;.;ie  same  oua;i:uy  of  phosphorus  are  to  one  another  as 
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Both  these  are  acid  oxides,  uniting  with  water  and  metallic  oxides  to 
form  salts,  called  pko:.pltiir.>  and  jilio-yi/m/es  respectively  ;  the  hydrogen  salts 
being  also  called  /lii.in/ii'i'.irni/s  ami  jih'isjihoric  n'-iti.  There  is  also  another 
oxygen-acid  of  phosphorus,  containing  a  smaller  proportion  of  oxygen, 
called  hypophosphorom  acid,  lo  which  there  is  no  corresponding  anhydrous 

Ht/p»Bhnxphori:'js  Acid,  v — 11  lion   phosphorus  is   boiled  with  a  solution  of 


t'hoaphi 
f  IlypophosphoroDS  acid 
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potagh  Or  baryta,  water  is  decomposed,  giving  rise,  to  phosphoretted  hy- 
drogen, phosphoric  acid,  anil  ' ' .^ ; : ' : ] ' ^ ! ' ■  ^ ] ■ ' L ■ ' ' ' ■ ' ! L M  acid;  (he  first  escapes  as 
gas,  and  the  two  acids  remain  a*  barium  salts."  liy  filtration  the  soluble 
hypophosphite  is  separn.ted  from  sin'  insoluble  phosphate.  On  adding  to 
the  liquid  the  quantity  of  sulphuric  acid  uecc-sary  id  precipitate  the  base, 
the  hypophosphorous  acid  is  obtained  in  solution,  liy  evaporation  it  may 
be  reduced  to  a  syrupy  consistence.  Ttie  acid  is  very  prone  to  absorb  more 
Oxygen,  and  is  therefore  n  powerful  deoxidizing  agent.  All  its  salts  are 
soluble  in  water. 

Phosphorous  Oxnu;  is  formed  by  (lie  slow  combustion  of  phosphorus  in 
the  atmosphere;  or  by  burning  that  substunee  by  means  of  a  "very  limited 
supply  of  dry  air,  in  which  case  it.  is  nuliydrons.  and  presents  the  aspect 
of  a  while  powder.  l'!ws/.>l--r,n,i/i<  n-.iii  is  must  conveniently  prepared  by 
adding  water  to  the  trichloride  of  phosphorus,  when  mutual  decomposition 
takes  place,  the  oxygen  of  i.lie  water  being  transferred  io  the  phosphorus, 
generating  phosphorous  acid,  ami  its  hydrogen  in  the  chlorine,  giving  rise  to 
hydrochloric  acid.i  ISy  evapnra.i  in-  ihe  sol  in  ion  to  I  lie  eonsisfenoe  of  syrup, 
the  hydrochloric  acid  is   expelled,  and  Ihe  residue,  on  cooling,  crystallines. 

Phosphorous  acid  is  very  deliquescent  and  vorv-  prone  to  attract  oxygen 
and  pass  into  phosphoric  acid.  When  healed  in  a  close  vessel,  it  is  resolved 
into  phosphoric  acid  and  pure  phosphoretled  hydrogen  gius,  it  is  composed 
of  110  ports  of  phosphorous  oxide  and  j-J  parts  of  water,  or,  31  phosphorus, 
■18  oxygon,  and  3  hydrogen. \ 

The  phosphites  are  of  little  importance. 

5  PKospharir  A<'"I,  or  P/ms/i/iorir. 
is  burned  under  a  l)oll-iar  by  riie  aid  of  a 
copious'  supply  of  dry  air,  snow-lihe  plo/spheric  oxide  is  produced  in  great 
quantity.  This  substance  exhibits  as  much  attract  ion  for  water  as  sol  oh  uric 
oxide:  exposed  to  the  air  for  a  few  moments,  if  deliquesces  to  a  liquid,  and 
when  thrown  into  water,  combines  with  the  latter  with  explosive  violence. 
The  water  then  taken  up  cannot,  again  be  separated. 

When  nitric  achi  of  moderate  strength  is  heated  in  a  retort  with  which 
a  receiver  is  connected,  and  fragments  of  phosphorus  arc  added  singly, 
taking  care  to  suiter  the  violence  of  the  aoiion  to  subside  "between  each 
addition,  the  phosphorus  is  o-ddi/ed  io  its  maximum,  and  converted  into 
phosphoric  acid.  By  distilling  oil'  :  he  gi  eater  part  of  the  acid,  transferring 
the  residue  in  the  relori  to  a  platinum  vessel,  and  then  cautiously  raising 
the  heat  to  redness,  the  neid  may  be  obtained  pure.  This  is  the  glacial 
phosphoric  acid  of  the  Pharmacopoeia. 

A  third  method  consists  in  inking  the  acid  calcium  pbosphate  produced 
by  the  action  of  sulphuric  acid  on  bone-earth,  precipitating  it  with  a  slight 
excess  of  ammonia,  earhouato.  separating  by  a  filter  ihe  insoluble  calcium- 
salt,  and  then  evaporating  and  igniting  in  a  platinum  vessel  the  mixed 
phosphate  and  sulphate  of  ammonia.  Phosphoric  acid  alone  remains 
behind.  The  acid  thus  obtained  is  not  reuiarkahle  for  its  purity.  One  of 
the  most  advantageous  methods  of  preparing  ruiosiihovie  acid  on  the  large 
soale  in  a  state  of  purity  is  to  burn  phosphorus  in  a  si  ream  of  dry  atmos- 
pheric air,  by  the  aid  of  a  proper  apparatus,  net.  difficult  to  oontrivc,  in 
which  the  process  may  lie  carried  on  continuously.      The  phosphoric  oxide 


I  j.WAJNi       =       SPOaili,. 


y/  Google 


PHOSPHORUS.  215 

obtained  may  be  preserved  in  that,  stale,  or  converted  into  hydrate  or 
glacial  acid,  by  (lie  addition  of  water  and  subsequent,  fusion  in  a  platinum 
vessel.  The  glacial  phosphoric  acid  is  exceedingly  deliquescent,  and  re- 
quires to  be  kepi  in  a  closely  stopped  bottle,  it.  contains  112  parts  of  phos- 
phoric oxide  and  IH  parts  of  water,  or  31  phosphorus,  -IN  oxygen,  and  1 
hydrogen* 

Phosphoric  oxide  is  readily  volatilized,  and  may  bo  sublimed  by  the 
heat  of  an  ordinary  spirit-lamp.  The  acid  may  he  fused  in.  a  platinum 
Crucible  at-  a  red  heat;  at.  l-UIk  temperature,  it  evolves  considerable  quan- 
tities of  vapor,  but  is  still  fur  troni  its  boiling-point.  Phosphoric  acid  is  a 
very  powerful  acid ;  being  less  volatile  than  sulphuric  acid,  it  expels  the 
latter  at  higher  temperatures,  although  ii  is  displace  J  by  sulphuric  acid 
at  the  common  temperature.  Its  solution  lias  an  intensely  sour  taste,  and 
reddens  litmus-paper;    it.  is  not  poisonous. 

The  best  reagent  for  the  detection  of  phosphoric  aoid  is  molybdate  of 
ammonia.  A  solution  of  litis  salt  is  treated  with  hydrochloric  or  nitric 
aoid  until  the  precipitate  at  first  formed  is  redissolved.  A  very  small 
quantity  of  the  liquid  to  bo  tested  lor  pliosplioric  acid  is  then  added  to 
this  solution.  If  phosphoric  acid  be  present,  the  liquid  becomes  yellow, 
and  a  yellow  deposit,  enusistitig  of  uioMalic  acid.  phosphoric  acid,  and 
ammonia,  is  formed,  even  if  the  quantity  of  phosphoric  aoid  he  very  small. 

There  are  lew  bodies  thai,  present.  :i  greater  degree  of  interest  to  the 
chemist  than  this  substance :  the  changes  its  compounds  undergo  by  the 
action  of  heat,  chiefly  made  known  to  us  by  the  admirable  researches  of 
Professor  Graham,  will  be  described  in  connection  with  the  general  his- 
tory of  saline  compounds. 

Compouwh  of  j'!tispii>>?:<;:  und  lli/drO'jf.n. 
Phosphorus  Trihydkijie. — Phosphine.  —  Phosphorettsb  HvnnooRN. 
This  body  is  analogous  in  some   of  its   chemical   relations   to  ammoniacal 
gas;  its  alkaline  propcriies  arc,  however,  much  weaker. 

It  may  be  obtained  in  :i  state  of  purity  by  heating  phosphorous  acid  in  a 
small  retort,  the  acid  being  then  resolved  into  phosphoretted  hydrogen 
and  phosphoric  acid.f 

Thus  obtained,  the  gas  has  a  density  of  1-24.  It  Contains  31  parts  phos- 
phorus and  3  parts  hydrogen,  and  is  so  constituted  that  every  two  volumes 
contain  3  volumes  of  hydrogen  and  half  a  volume  of  phosphorus  vapor, 
condensed  into  two  volumes.  11  possesses  a  highly  disagreeable  odor  of 
garlic,  is  slightly  soluble  in  water,  and  burns  willi  a  brilliant  white  flame, 
forming  water  and  phosphoric  acid. 

l'hosphoretlcd  hydrogen  may  also  be  produced  by  boiling  together,  in  a 
retort  of  small  dimensions,  caustic  potash  or  slaked  lime,  water,  and  phos- 
phorus: the  vessel  should  be  tilled  to  the  neck,  and  the  extremity  of  the 
latter  made  to  dip  into  the  water  of  the.  pneumatic  trough.  In  the  reaction 
which  ensues,  the  water  is  decomposed,  and  both  its  elements  combine 
with  the  phosphorus. 

w  ,  f  Hydrogen -^^^ Phospltiirc- led  h  varolii. 

Water    ■     X  Oxygen^ 
Phosphorus 

Phosphorus     _____ ______ 

Lime  ■   —  ■      ^~~~  •  ''■■'■-' ■iypoi':;osphi.io.;[ 

•  PsOs-HaO       =       SPOfeH. 

+       3PO,H, 


i  lime.  Phosphoric 

UO,  +        80Ha  =         2PHj         +         3ryv<  hHj 

urn  Water.               Phospbino.           Ciud^n  l.yp.i- 
ate.                                                                   ghosphitei 
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The  phosphoretted  hyd regon  prepared  by  the  latter  process  has  the  sin- 
gula]- property  of  spontaneous  inllaouunbiliiy  when  admitted  into  the  air 
or  into  oxygen  gas  :  lvii.li  riic  latter,  [he  e\uoriuionl  is  very  "beautiful,  but 
requires  caution :  the  hubbies  should  be  admitted  singly.  When  kept  over 
water  for  some  time,  the  gas  Irw's  tli'.-  property,  without  otherwise  suffer- 
ing any  appreciable  change;  but  if  dried  by  calcium  chloride,  it  may  be 
kept  unaltered  for  a  much  longer  time.  M.  I'uu!  Thcnnrd  has  shown  that 
the  spontaneous  cotnbustiiji'iity  o!  1 1  l ■_■  gas  arises  from  the  presence  of  the 
vapor  of  a  liquid  hydrogen  pluisphide,  which  can  he  procured  in  small 
quantity,  by  conveying  the  gas  produced  by  the  notion  of  water  on  calcium 
phosphide  through  a  lube  cooled  by  a  freezing  mixture.  This  substance 
forms  a  colorless  liiiuid  of  high  refractive  viewer  ami  very  great  volatility. 
It  does  not  froe/.o  ai  —  17-83  (IF  F.  j  In  contact  will',  air,  it  i  nil  nines  it. Mainly, 
and  its  -vapor  in  very  small  quantity  cot :u  mates  sfionlaneous  inflamma- 
bility to  pure  phosphore;:cd  iiydi.-cgcn.  and  to  all  other  combustible  gases. 
It  is  decomposed  by  light  in; o  gaseous  phosphoretted  hydrogen,  and  a 
solid  phosphide  which  is  often  seen  on  the  inside  of  jars  containing  gas 
which,  by  exposure  to  light,  lias  lost  the  property  of  spontaneous  inflam- 
mation. Strong  acid-  occasion  lis  instantaneous  decomposition.  It- is  as 
unstable  as  hydrogen  dioxide.      It  is  to  be  observed  thai  the  pure  phospho- 

vetted  hydrogen  gas  itself  becomes  sr.out ■onsly  iutiamniable  if  heated  to 

the  temperature  of  boiling  water.5* 

Phosphoretted   hydrogen    decomposes    several    metallic    solutions,  giving 

a-  crystalline  compound  somowdiat.  resembling  sal-ammoniac. 

Vonijioiiud-:  1/  I'/'tcs/'horus  u-iih  Chlorine. 
Phosphorus  forms  two  chlorides,  analogous  in  composii ion  to  the  Oxides, 
the  quantities  of  chlorine  Cutnbiucd  irith  ;he  same   quantity  of  phosphorus 
being  to  one  another  in  the  proportion  of  3  to  5. 

Phosphorus  THroiiT.OYiiur,  or  I'tiosi'iimtors  Ciii.tiuion,!  is  prepared  in 
the  same  manner  as  sulphur  bichloride,  by  gently  heating  phosphorus  in 
dry  chlorine,  gas.  the  phosphorus  being  in  excess;  or  by  passing  the  vapor 
of  phosphorus  over  fragments  of  calomel  (mcreurous  chloride)  contained 
in  a  glass  tube,  and  strongly  heated,  ft.  is  a.  colorless,  thin  liquid,  which 
fumes  in  the  air,  and  has  a  powerful  and  offensive  oil  or.  Its  specific  gravity- 
is  1.45.  Thrown  into  witter,  it-  sink-  to  the  bottom  of  thai,  liquid,  and  is 
slowly  decomposed,  yielding  phosphorous  acid  and  hydrochloric  acid. J  It 
contains  31  pans  phosphorus  and  ibVo  pacts  chlorine. 

Phosphorus  Pkntaciilortdr,  or  J'tioseimRio  Cni-,oinnr,#  is  formed  when 
phosphorus  is  burned  in  excess  of  chlorine.  Pieces  of  phosphorus  are  in- 
troduced into  a  large  tubulated  retort,  r,  liieh  is  then  tilled  with  dry  chlorine 
gas.  The  phosphorus  takes  lire,  and  burns  with  a.  pale  flame,  forming  a 
white  volatile  crystalline  sublimate,  which  is  the  pen:  a  chloride.  It  may  be 
obtained  in  larger  quantity  by  paf.sdi:;:  a  stream  of  dry  chlorine  gns  into 
the  preceding  liquid  trichloride,  which  becomes  gradually  converted  into 
a  solid  crystalline  mass.  Phosphorus  pontachluride  is  decomposed  by 
water,  yielding  phosphoric  and  hydrochloric  acids.  || 

*  Ann.  Chlm.  Phvs..  3d  scries,  liv.  6.  AcorirdiUK  toll  P-  'I'lHJniml,  tins  liquid  phosphide-  of 
lij-druguu  cuuSiiius  ]>!!.,  and  the  fulid  lUL     tin'  pis  is  r-i.tw  lited  l.,v  the  tiil'inulii  I'Hj. 
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Phosphorus  Oxsi'iulouihe.*-  ■  -When  phospiiovti  j  pcntaehlovido  in  heated 
with  a.  quantity  of  iviiitr  in^uni'dent.  I"  lainvort  iL  into  phosphoric  acid,  if 
yields,  together  with  hydrochloric  acid,  a  compound  of  phosphorus,  chlo- 
rine, and  oxygen.  This  body  ma.y  :l1s<j  hi;  prepared  by  distilling  the  pen- 
tachlorido  with  duliydt.-iii.nd  oxalic  acid,  or  by  distilling  :t  mixture  of  phos- 
phorus pentaehloi'ido  and  phosphoric  oxidu.  I.'liosphorus  oxyehloride  is  a 
colorless  liquid  of  sp.  gr.  1  -7.  pnsscssit];;  a  very  pungent  odor,  and  boiling 
at  110"  (230°  F.),  It  ia  readily  decomposed  by  water  into  hydrochloric 
and  phosphoric  acids. 

A  xtdpkiiddoFidc  f  of  analogous  composition  is  produced  by  the  notion  of 
hydrogen  sulphide  on.  the  pentachluridc.  It  ia  a  colorless,  oily  liquid, 
decomposed  by  water. 

Two  bromide!  of  id,.'>\p!,nrus.  an  ox-/;i;-o:m'd-:  und  a  sididmhrviidde,  are  known, 
corresponding  in  composition  and  properties  with  ilie  ciilorine  compounds, 
and  obtained  by  similar  processus. 

Phosphorus  forms  also  two  iodide*,  j;  eouti'.ir.inn;  iil  parts  of  phosphorus 
with  2  X  127  and  3  X  1-"  parts  of  iodine.  The  latter  is  analogous  in 
composition  to  the  trichloride ;  the  former  has  no  tdilorino  representative. 
Both  these  compounds  ni-e  obtained  by  dissnlvmji  phosphorus  and  iodine 
together  in  carbon  bisulphide,  a  ml  cooling  I  It,:  liquid  till  crystals  are  de- 
posited. Whatever  proportions  of  iodine  and  phosphorus  may  be  used, 
these  two  compounds  always  crysLullize  out,  mixed  with  excess  either  of 
iodine  or  of  phosphorus. 

■  The  di-iodide  melts  ar  1 1 0=  {2W  Y.),  forming  a  re-.l  liquid  which  condenses 
to  a  light  red  solid.  The  tri-intUdr.  melts  at.  i>b°  (1iU°  P.),  and  crystallizes 
on  cooling  in  well  defined  prisms.  limit  are  di-composed  by  water,  yielding 
hydriodic   and   phosphorous    acids,    the   di-iodide    also   depositing   yellow 

Coiii/ioumh  of  l'/i/i.'plir,ru.t  imlli  S'ltyh'/r  mid  Selenium. 
Sulphides.  — When  ordinary  phosphorus  ami  sulphur  are  lioa-e;;  rujrcthrr 
in  the  dry  stale,  or  molted  together  under  water,  combination  takes  place 
between  them,  attended  with  vivid  combustion  ami  often  with  violent  ex- 
plosion. When  amorphous  phosphorus  is  used,  t.iiu  reaction  is  not  explosive, 
though  still  very  rapid. 

Six  compounds  of  sirlphnr  anil  phosphorus  have  been  prepared,  contain- 
ing the  following  proportions  of  sulphur  and  phosphorus.^ 

Composition  by  weight. 
Phosphorus.       Sulphur. 

Hemisulphide 31       +         8 

llu^os.ilpliide 31        +        10 

Beaqubjulphide 31       +       24 

Tpiaulphida        .....         81       +       48 

t'oniasulphide 31        +        80 

Dodeeasulphide  ....         81       +     192 

The  fourth  and  fifth  a.re  analogous  to  phosphorus  and  phosphoric  oxides 
respectively;  the  others  have  no  known  analogues  in  the  oxygen  scries. 
They  may  all  he  formed  by  heating  the  two  bodies  logether  in  the  required 
proportions;  but  the  trisulphide  am!  penlasulphidc  are  more  easily  pre- 
pared by  warming  the  noniosulpliide  with  additional  proportions  of  sulphur. 
Moreover,  the  two  lower  sulphides  exhibit  isomeric  mod  moat  ions,  each 
being  capable  of  existing  as  a  colorless  liquid   and  as  a  red  solid.     The 

*  P0C1S.  t  PSOlj.  t  P'a  ™<1  ?h- 
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.a  unite  with  metallic  sulphides, 

Selenides  of  riiosi'iiimi:,",  +  ;>,n;i  logons  in  composition  to  tho  first,  second, 
fourth,  and  fifth  of  the  sulphide-  iitmvc.  mcnl-ioncd,  are  produced  by  heat- 
ing ordinary  phosphorus  mid  selenium  toother  in  r.lio  required  proportions 
in  a  stream  of  hi-di-ogim  giis.  The  hiuuiselenide  is  a  dark-yellow,  oily, 
fetid  liquid,  solidifying  hi  12°:  the  other  compounds  are  dark-rod  solids. 
The  mono-,  tri-,  ami  pcntiisdcnidi.'s  unite  willi  metallic  selenides,  forming 
selenium-salts  analogous  lo  the  sulphur-salt^  ilIwt  mentioned. 

*  Copper  HTpoSMlI'lini'liiisiiliiti'  I'yft.On  =  Cn?.r,>8. 
(:uE!i:.:i   S-.ili!i:.ii>h'..-.|!Jiil.-  1' :.>.,<' u  -  I' i i K . I ',. S , . 

r,:],\VT   »Ult.]l.'.ljll'JS].lKUO    I'sSjC'U   -     CllS.I'i^. 

t  PSe,  PijSe,  rs3es,  and  PjSes. 
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ON  THE  GENERAL  PRINCIPLES  OF  CHEMICAL 
PHILOSOPHY. 

THE  study  of  the  non-metallic  elements  can  be  pushed  to  a  very  consider- 
able extent,  and  a  large  amount  of  precise  anil  exceedingly  important 
information  acquire!.  without  much  direct  ret'erenoe  to  the  great  funda- 
mental laws  of  chemical  union.  The  subject  cannot  be  discussed  in  this 
manner  completely,  as  will  he  obvious  Irani  frequent  canes  of  anticipation 
in  many  of  the  foregoing  foot-notes :  still,  much  may  be  done  by  this  simple 
method  of  proceeding.  Tim  bodies  themselves,  in  their  combinations,  fur- 
nish admirable  illustrations  of  the  genera!  laws  referral  to  ;  but  the  study 
of  their  leading  characters  iitid  relations  does  not  of  necessity  involve  a 
previous  kuu  wlclgi.i  of  these  lav.-  themselves. 

It  is  thought  that  by  such  an  arrangement  the  coin  prehension  cf  these 
very  important  general  principles  may  become,  in  some  measure,  facili- 
tated by  constant  reference  in  examples  of  uur::"bif nit imis,  the  elements  and 
products  of  which  line  already  bee"  desci'ibed.  Ho  much  more  difficult  is 
it  to  gain  a  clear  and  distinct  idea  of  any  proposition  of  great,  generality 
from  a  simple  enunciation,  than  to  understand  the  bearing  of  the  same  law 
when  illustrated  by  a  single  good  ami  familiar  instance. 

Before  proceeding  further,  however,  it  is  absolutely  necessary  that  these 
matters  should  be  discussed:  the  metallic  compounds  are  so  numerous, 
that  the  establishment  of  some  general  principle,  some  connecting  link, 
becomes  indispensable.  The  doelrincs  of  equivalence  and  combining  pro- 
portions, and  the  laws  which  regulate  the  foiuiaikoi  of  saline  compounds, 
supply  this  deficiency. 


THE  LAWS  OF  COMMNATION  BY  WEIGHT. 
(1.1  Constancy  of  Ctiy/ipofitieri. — This  is  the  main  distinction  between 
chemical  combina:i:m  and  mecbauiciil  mixiure,  or  that  kind  of  adhesion 
which  gives  rise  to  the  solution  of  a  solid  in  a  liquid.  Metals  may  be  fused 
together  to  form  alloys;  water  maybe  mixed  with  alcohol,  alcohol  with 
ether,  and  different  oils  one  with  r.lie  other,  in  any  proportions  whatever, 
the  mixture  always  exhibiting  properties  intermediate  between  those  of  its 
constituents,  and  in  regular  gradation  according  to  the  quantity  of  each 
that  may  be  present;  a  solid  body  ninv  be  dissolved  in  a  liquid  —  salt  or 
sugar  in  water,  for  example. —  in  any  proportion  up  to  a  certain  limit,  the 
solution  likewise  exhibiting  a  regular  gradation  of  physical  properties, 
according  to  the  quantity  of  the  solid  taken  up.  But  in  a  true  chemical 
compound,  the  proper  I  ies  of  the  constituent  elements  admit  of  no  variation 
whatever.  Water,  whether  .-imaine.i  from  natural  sources,  or  formed  by 
direct  combination  of  its  elements,  always  eon  tains  in  100  parts,  88-9  pari* 
of  oxygen  and  11-1  parts  of  hydrogen  ;  and  a  piece  of  Hint,  or  rock-crystal, 
obtained  from  any  part  of  the  world,  invariably  contains  46-6  per  cent,  of 
siiicium  to  53-4  of  oxygen.  When  two  or  more  compounds  are  formed  of 
the  same  elements,  as  the  oxides  of  carrion  ;md  :ho  oiduriiles  of  phosphorus 
(pp.  164,  216),  there  is  no  gradual  blending  of  one  into  the  other,  as  in  the 
case  of  mixtures ;  but.  eaoh  compound  is  sharply  defined  aud  separated,  as 
it  were,  from  the  others  by  an  impassable  gulf,  exhibiting  properties  dia- 
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tinct  from  those  of  tho  others,  ami  of  Ihe  elements  themselves  in  the  sepa- 
rate state.  Tims  of  the  t.wo  o-ddes  of  carbon,  the  monoxide  is  an  inflam- 
mable gas,  lighter  than  air,  and  not  absorbed  by  solution  of  potash,  whereas 
the  dioxide  is  non-inflammable,  heavier  ilta.u  air,  and  easily  absorbed  by 
potash;  anil  hoth  compounds  iiill'cr  entirely  in  their  characters,  both  from 
carbon  and  from  oxygon  in  Ihe  free  state. 

The  composition  of  chemical  compounds  is  ascertained,  as  already  ob- 
served, by  analysis,  and  in  some  cases  also  by  synthesis.  The  results  are 
u-iually  stared  in  percentages,  films,  100  parts  of  zinc  oxide  contain  SOI 
parts  iinc  and  J!)  ',)  oxygen),  wlsieii  for  many  proposes  is  as  convenient  ft 
method  as  can  bo  adopted.  But  when  it  is  desired  tij  compare  the  compo- 
sition of  several  compounds  of  the  sumo  elements,  or  of  the  compounds 
formed  by  one  element,  with  several  others,  it  is  more  convenient  to  start 
with  a  fixed  quantity  of  the  first  element,  and  specify  Hie  relative  quan- 
tities of  the  other  elcinotil  or  element.;  uliich  combine-  with  it.  This  will 
bo  easily  seen  by  comparing  the  fo  lie  win;?  tabular  staicments  of  tho  com- 
position of  the  live  nil  rogct:  oxides  already  described,  lirsl,  in  percentages, 
secondly,  by  Stating  the  several  quantities  ef  oxygen  winch  unite  with  100 
part.;  of  nitrogon. 

t„  inn  ™rf«  Witl'  constant  quantity 


^in-^-,1. 

Osjged. 

Monoxide       . 

83  64 

36-36 

Dioxide    . 

.     16-67 

63-33 

Trioxide 

33.85 

(J:i-l.i 

Tetr  oxide 

.     30-44 

39-56 

Pentoxide 

25-93 

74 -07 

The  numbers  on  the  left-hand  side  el'  the  table  do  urn  exhibit  any  simple 
relation;  but  on  locking  lo  the  right -icied  si: it,  if  is  immediately  seen  that 
the  quantities  of  oxygen  which  unite  with  the  same  quantity  of  nitrogen, 


(2.)  The  Law  of  Multiples,  —  This  law  may  be  thus  stated:  If  two  ele- 
ments, A  and  B,  arc  capable  of  uniting  in  several  proportions,  the  quan- 
tities of  B  which  unite  with  a  given  quantity  of  A,  usually  bear  a  simple 
relation  to  one  another,  such  as : 

A  +  B,         A  4-  2B,         A  +  8B,         A  +  4B,  &o. ; 

•  or,  2A  +  3B,         2A  +  5B,        2A  +  7B,  &c. ; 

or,  A    +B,  A  -j-  3B,  A  -j-  5B,  &c. 

Numerous  examples  of  this  law  are  afforded  by  tho  compounds  of  the 
non-metallie  elements  one  with  the  other;  as,  for  example,  the  oxides  of 
hydrogen,  carbon,  chlorine,  sulphur,  and  phosphorus,  the  chlorides  of 
phosphorus,  &c. ;  anil  still  more  numerous  examples  will  he  mot  with,  in 
treating  of  the  compounds  of  metals  with  non-metallic  elements. 

It  must  be  observed,  however.  Iha.t  more  complex  relations  are  by  no 
means  unfrcquent.  The  compounds  of  carbon  and  hydrogen,  for  example, 
are  very  numerous  :  and  on  Campari  ng  together  the  quae  lilies  of  hydrogen 
H,  which  unite  with  a  fixed  quaetilv  of  carbon  C.  we  meet  with  such  rela- 
tions as  5C  +  17H,  70  +  16iL  11C  |  IMII.lfiC  |  32H,  &c.  In  short,  the 
simple  relations  above  mentioned  must  be.  looked  upon  merely  as  particular 
instances  of  a,  large  number  of  possible  rcialions,  although  they  happen  to 
hold  good  with  reference  to  a  considerable  nc.tnber  of  important  compounds. 
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(3.)  Law  of  Equivalents.  —  If  a  body  A  unites  with  certain  ether  bodies 
B,  C,  D,  then  the  quantities  B,  C,  D,  which  combine  with  A,  or  certain 
simple  multiples  of  them,  represent  for  the  most  part  the  proportions  in 
which  they  can  unite  amongst  themselves. 

For  example,  8  purls  by  weight,  ut"  oxygen  are  known  to  unite  with  the 
following  quantities  of  hydrogen,  nitrogen,  &c. : 

Oxygen 8 

Hydrogen 1 

Hitrogen 14 

Carbon  6 

Sulphur 8 

Phosphorus  .        .         .  IOJ  or  V 

Chlorine 35-5 

Iodine 25f  or  4» 

l'otassium  ....  89 

Copper 31  -7 

Lead 103'5 

Silver        .....  108 
&c.  &o 

And  it  is  found,  moreover,  that  hydrogen  and  chlorine  combine  in  the  pro- 
portions I  to  35-S;  hydrogen  ami  sulphur,  I  to  2x8;  chlorine  and  silver, 
85-5  to  108;  iodine  and  potassium,  127  parts  of  the  former  to  39  of  the 
latter,  &c. ;  phosphorus  and  chlorine,  'il  parti  of  tot  former  to  3x35-5  and 
6x85  S  of  the  latter,  &e. 

Now,  on  comparing  the  rcl.it.; vo  quantities  of  the  olomeiir.s  contained  in 
all  known  chemical  compounds,  it  is  found:  1.  Tbat  there  is  a  certain 
number  of  elements  which  combine  v-'i'i:  <me.  another  in  one  proportion  only. 
2,  That  by  far  the  greater  number  of  elements  arc  capable  of  uniting  in 
two  or  more  proportions.  Tin;  elements  of  the  former  class  may  be  con- 
veniently called  -mmi-wns,  those  of  t.l.ie  latter  polygons.* 

Hydrogen  and  chlorine  unite  in  the  proportion  of  1  pari,  by  weight.,  of 
the  former,  to  35-5  parts  of  the  latter,  and  in  no  other.  The  same  quantity 
of  chlorine  combine*  with  "ill  parts  of  potassium,  2:1  of  sodium,  ;md  11>H 
of  silver.  These  several  quantities  of  sodium,  potassium,  and  silver,  are 
capable  of  saturating  the  same  quantity  of  chlorine  I  hat.  is  saturated  by  1 
part  of  hydrogen.  They  are,  therefore,  its  litis  respect  equivalent  to  1  part 
by  weight  of  hydrogen  anil  t.o  each  other.  They  may,  in  fact,  be  made 
direetly  to  replace  one  another  in  combination  with  chlorine.  Thus,  when 
sodium  or  potassium  is  healed  in  hydrochloric  acid  pis,  hydrogen  is  set 
free,  and  sodium  or  potassium  chloride  is  formed,  23  parts  of  sodium  or 
39-1  parts  of  potassium  uhv.ivs  taking  the  place  of  1  part  of  hydrogen. 
A giit:;.  when  a  solution  of  sodium  chloride  Is  mixed  with  silver  nitrate,  I  lie 
sodium  and  silver  eli.idge  phiees.  forming  m  solution  of  sodium  nitrate  and 
a  precipitate  of  silver  chloride  :  and  in  this  ease  108  parts  of  silver  take 
the  place  of  23  parts  of  sodium.  The  above-mentioned  quantities  of  hy- 
drogen, chlorine,  sodium,  potassium,  and  silver,  are  therefore  called  equiva- 
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Hydrogen      ...      1  Potassium  .         .         .       39-1 

Chlorine    .         .         .     35-5  Sodium    ...  23 

Bromine        .        .         .80  Lithium       ...         7 

Fluorine    ...        19  Csesiuui   ...  133 

Silver     ...  108  Rubidium    .         .         .       86-4 

All  other  elements  are  polygenic,  uniting  with  the  monogens  and  with 
one  another  in  morn  than  .me  proportion.  Willi  regitvtl  to  these  elements 
the  question  of  equivalence  appear-  a.t  first  i.o  lie  somewhat  indeterminate; 
in  fact,  according  to  the  idea  of  equivalency  above  defined,  the  equivalent 
value  of  a  polygenic  element  must,  vmv  iici-iuding  lo  the  proportions  in 
which  it  unites  with  others.  Thus  iron  torn  is  two  chlo  rides,  containing  2£ 
and  )'6'i  purl.';  of  iron  to  115.5  pans  of  chlorine-.  Either  of  til  use  quantities 
of  iron  may  therefiire  be  regarded  as  r-:L -. li v:iU'iit  to  I  pail  of  hydrogen  ;  in 
other  word-,  as  the  equivalent  ivcigbl  uf  iron,  _\gain.  1  pari  of  hydrogen 
unit  us  willi  S  pa  i.-t  h  uf  oxygen  to  form  water,  innl  with  I!;  parts  In  P™  hy- 
drogen dioxide.  Which  of  these  in.  (he  equivalent,  weight  of  oxygen?  The 
former  number  has  poHia.ps  the  best  right  lo  bo  so  regarded,  because  water 
is  a  more  stable  compound  than  hvdvoge.n-diovidc,  and,  moreover,  H  port.H 
by  weight  of  oxygen  frequently  iake  [he  place  of  1  part  of  hydrogen  in 
processes  of  oxidation,  as  v.hr.it  alcohol,  a  compound  of  12  parts  carbon,  3 
hydrogen,  and  8  oxygen,  is  oxidized  lo  ace  In;  He  id,  Uli'i'aining  12  parts  car- 
bon, 2  hydrogen,  and  Hi  o.xjgcn.  15t.it  what  number  shall  we  fix  upon  as 
the  equivalent  of  nitrogen?  This  element-  forms  only  one  compound  wilh 
hydrogeu,  namely,  ammonia,  which  contains  ]J  parts  of  nitrogen  to  3  of 
hydrogen,  or  4£  nitrogen  to  1  hydrogen.  Accordingly,  the  equivalent  weight 
of  nitrogen  appears  to  be  4!*,  and,  in  liter..  Hi  in.  qiiiiulity  of  nitrogen  can  be 
made  to  take  the  place  of  1  part-  of  hydrogen  in  many  organic  compounds. 
But  if  we  look  to  the  compounds  of  nitrogen  with  oxygen,  we  find  that 
1  lii-He  elements  unite  iu  live  different  pro  port  ions.  8  put*  of  oxygen  ( which 
we  have  seen  lo  be  in  most  eases  equivalent  to  1  pari  of  hydrogen ':  imil  iug 
with  14,  7,  */,  J,  or  U  parts  of  nitrogen,  either  of  which  numbers  may 
therefore  be  regarded  an  equivalent  to  1  purl,  of  hydro  pen.  Lastly,  with 
regard  to  carbon,  the  problem  appears  still  more  indefinite,  inasmuch  as 
that  element  forms  ivil.li  .hydrogen  a.  very  largo  number  of  compounds,  and 
appears  to  he  capable  of  uniting  with  it.  in  almost  any  proportion. 

We  may,  however,  obtain  a  set.  of  een i parable  values  by  assuming  as  the 
equivalent  weight  of  each  polygenic  element,  (he  .'an,- ■'!:;-■!  quantity  of  it  which 
unites  wilh  1  pari  of  hydrogen,  or  Willi  S'V5  of  chlorine,  or  generally  with 
the  etprivalont  weight  of  any  monogenic  element.  Thus  of  all  I  he  cent  n  omuls 
of  hyOrogeu  and  carbon,  marsh  gas,  m  methane,  which  is  eonqm.-i  d  of  I:! 
parts  carbon  to  4  hydrogen,  or  :',  parts  carbon  lo  1  hydrogen,  contains  Ihe 
largest  quantity  of  hydrogen  in  proportion  to  the  carbon;  in  other  words, 
3  parts  ef  carbon  is  "the  smallest  quantity  that  can  unite  with  1  part  of 
hydrogen  This,  then,  we  shall  regard  as  Ihe  equivalent  Height  of  carl, on: 
and  by  similar  considerations  the  equivalent  weight,  of  oxygen  will  be  found 
to  be  8,  that  of  sulphur  1(1,  of  nitrogen  4-;-  or  ]-,!.  of  phosphorus  V  or  G£,  of 
iron  18?,  of  lead  103-5,  &o. 

Atomic  Weights.  —  Let  us  now  compare  the  hydrogen  compounds  of 
monogenic  and  polygenic  elements,  with  regard  to  the  manner  in  which 
the  hydrogen  contained  iu  Ihem  may  be  replaced  by  other  elements.  Com- 
pare first  hydrochloric  acid  and  witter.  When  hydrochloric  acid  is  acted 
upon  by  certain  metals,  as  sodium,  /inc.  or  magnesium,  tM  whole  of  the 
hydrogen  is  expelled,  and  the  chlorine  colors  into  combination  with  an 
equivalent  quantity  of  the  metal:  Urns  db'-o  pails  of  hydrochloric  acid 
(=  1  part  hydrogen  -+-  ilfif.  chlorine)  nod  'IU   sodium  yield  1  part  of  free 
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hydrogen  and  23  4-  35-5  i'=  .riS  ">':■  sodium  chloride;  there  is  no  such  thing 
as  the  expulsion  of  part  of  the  hydrogen,  or-  the  fcrn.iiliou  of  a  compound 
containing  bin  li   hydrogen   mid  moliil   In  combiniitiou   with   the  chlorine. 

With  water,  however,  the  case  is  different.  When  sodium  is  thrown  upon 
water,  9  parts  of  t.liiii  compound  (==  1  hydrogen  +  S  oxygen)  are  decom- 
posed, in  such  a  milliner  thai  hull'  nl'  t.'.ie  li  v I v  ■«.-(.■  u  is  cupelled  by  an  cquiv- 

28 
alent  quantity  of  sodium,  — ,  and  sodium  hydrate  is  formed  containing: — 


r      +         2      +       » 

This  compound  remains  in  the  solid  stale  when  (lie  liquid  is  evnpoi 
to  dryness;  and  if  ii.  be  further  healed  in  a  i  ube  with  sodium,  the  rcioa; 
half  of  the  hydrogen  is  driven  oil',  and  anhydrous  -.odium-oxide  rem 
composed  of  '}■•  purls  -odium  -|-  8  oxygen. 

Water  differs,  therefore,  from  hydrochloric  acid  in  this  respect, 
its  hydrogen  inny  be  replaced  by  a  monogenic  melal  in  two  equal  port 
yielding  successively  n  hydrate  ami  sin  anhydrous  oxide,  the  relatioi 
which  to  tin-  original  compound  luiy  be  t.luis  represented:  — 

Water.  Soilium-hy  (Irate.  Sodium-oxide. 


Hydrogen.        OxygBn.  Hyd. 


(i+l)  +  s         (i+-)  +  .(-  +  -). 


.',  multiplying  by  2,  t 


Hydros™.        Oxygon,  llvd.  Soil.        Ox.  Bodlmn.  Ox. 

(1   -j-  lj    +   lb  (1     +     28) +  10       (23  +  23)  +  16. 

It  appears  from  this  (hat,  2  X  H,  or  It)  parts  of  oxygen,  is  the  smallest 
quantity  of  oxygen  that  can  be  supposed  ;o  enter  .inio  the  reaction  just 
Considered,  if  we  would  avoid  speaking  of  fractions  of  equivalents;  and 
we  shall  find  hereafter  I  lint  t.he  same  is  true  with  regard  to  all  other  well- 
defined  reactions  in  which  oxygen  dikes  part.  IFence  this  quantity  of 
oxygen  lfi  parts  by  weight,  ihydi-ogon  being  lite  unit;,  is  called  an  indivisible 
weight,  or  atomic  ■nri/ht,  or  an  t.'ru-i  of  oxygen.* 

Let  us  now  consider  the  hydrogen  compound  of  nitrogen,  that  is  to 
say,  ammonia.  Tliis  is  composed  of  1  part  of  hydrogen  united  with  4| 
or  f*  of  nitrogen.  Now  in  this  compound  the  iiydrogen  is  replaceable  by 
thirds.  When  potassium  is  heated  in  ammonia  gas,  a  compound  called 
potaisamine  is  formed,  in  which  one  third  of  the  hydrogen  is  replaced  by 
potassium.  Another  compntuid,  railed  tri-p-vussinnmt,  is  also  known,  con- 
sisting of  ammonia  in  which  the  whole  of  l.lio  Iiydrogen  is  replaced  by  an 
equivalent  quantity  of  potassium:  — 

Nlfc  Hydrogen.  Nit.  Hydrogen. 
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There  is  also  a  large  cla^  of  compounds  derived  from  a 
manner  by  the  replacement  of  J,  ■§,  or  the  whole  of  the  hydrogen  by  equi- 
Talent  quantities  of  ivrmin  group?  of  elements  called  eoni/imttfl  rutlieula  (see 
page  237).  Hence,  by  reasoning  similar  to  that  which  was  above  applied 
to  water,  it  is  inferred  ihat.  ammonia  is  composed  of  1-1  parts  "by  weight,  or 
3  equivalents,  of  nii  rogen  combined  nitii  H  pnvt.s  or  3  equivalents  of  hydro- 
goii,  and  Una  the  atomic  weight,  of  nitrogen  is  14. 

Nest  take  the  case  of  utiir.'h-ym  or  jn-tsmii-',  a  eooipmmd  of  1  part  hydro- 
gen with  S  parts  carbon.  When  this  gas  is  mixed  with  chlorine,  and  ex- 
posed to  diffused  daylight,  a  new  compound  ;s  formed,  in  which  one  fourth 
of  the  hydrogen  belonging  to  the  mar.-h-g-jis  is  ve.pl need  by  an  equivalent, 
quantiLy  of  chlorine  ;  and  if  the  chlorine  is  in  excess,  and  the  mixture  ex- 
posed to  sunshine,  throe  oilier  compounds  are  foriood,  in  which  one  half, 
three   fourths,  and  all  the  hydrogen,  arc  thus  replaced.      The  results  may 


Methai 


12     +1+1-). 
Diohlor  o  methane. 


r  +  t  +  t  +  ~r  "  12  +  '  +  1  +  B6S 

Triclilorcmerharie  or  Chloroform. 


_  +  —  or  12    + 
Tctrachloromethane. 


3    +    -j-  +  — j-  +  — 3-+— j~  or  12  +  86-6  + 86-5 +  35'5  + 86-5 

Hence,  by  reasoning  similar  to  the  above,  it  is  inferred  that  marsh-gas 
is  composed  of  12  joins  by  weigh  1,  or  ■!  equivalents  of  carbon,  anil  i  parts, 
or  4  equivalents  of  hydrogen,  and  linir.  the  atomic  weight  of  carbon  is  12. 

According  to  the  preceding  explanations,  t.V.c  e'/ui'-ithiii  weight  of  a  poly- 
genic element  is  the  smallest  qiinrnii.y  of  it.  thai  can  unite  with  an  equiva- 
lent of  a  monogenic  eiemen',  that  is,  with  1  part  of  hydrogen,  35-5  parts 
of  chlorine,  &c.  ;  and  the  atonue  u-eigh!,  or  ulrmt,  is  Ihe  smallest,  quantity  of 
an  element  that  can  unite  with  others  without  introducing  fractions  of 
equivalents.  In  the  ease  of  a  monogenic  element,  the  atomic  and  equiva- 
lent weights  are  identical,  but  the  aiomie  weight  of  a  polygenic  element  is 
always  greater  than  the  equivalent  weight  in  the  ratio  of  1  to  2,  3,  4,  &o. 
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Wb  have  shown  in  three  oases  how  the  atomic  weight  of  an  element  may 
be  determined  by  l  In-  prop  on  ion  in  which  equivalent  substitution  takes 
place  in  its  compounds  with  hydro;;™  or  oilier  iao,:ioo;onic  dements.  Sul- 
phur, selenium,  and  tellurium  form  I:  vdi.-uj.eu  coin  iioumis  exactly  analogous 
in  (his  respect  to  water,  tlie  hydrogen  being  replaceable  by  halves;  their 
atomic  weights  urn  therefore  dou'o'.e  of  their  equivalent  weights.  Silioon 
forms  with  chlorine  a  i;r.i;:i j.iinnnl  containing  i  parts  silicon  with  36*5  par-ta 
chlorine;  and  in  this  one  fourth  of  (he  onlorme  is  replaceable  by  hydro- 
gen or  by  bromine:  hence  (.lie  atomic  weight-  of  silicon  is,  like  that  of 
oarbon,  equal  to  four  I  iroo;j  the  equivalent  weight,  its  numerical  value  being 
28.  There  are  also  some  elements  in  which  the  atomic  weight  is  equal 
to  five  times,  and  others  in  which  it  is  equal  to  six  times,  tho  equivalent 
weight;  higher  ratios  have  not  been  observed. 

It  must  not  be  supposed  that  the  atomic  weights  of  elementary  bodies 
are  always  actually  determine!  in  the  manner  above  described.  There  are 
several  other  methods  of  '.lel-erminiu^  (heir  numerical  values,  as  will  be 
presently  explained  ■  and  the  valuer  obtained  by  different  methods  do  not 
always  agree;  but  the  atomic  weights  of  all  (.lie  more  important  elements 
may  be  regarded  as  delinirely  fixed  wilhin  small  numerical  errors.  The 
equivalent  value  of  an  element,  or  the  y\\  io  of  die  equivalent  to  the  atomic 
weight,  is  also  subject  to  some  variation,  as  will  be  presently' explained, 
according  to  the  view  which  may  be  tttlitt;  of  ihe  cot:s;:Uirion  of  particular 
compounds. 

The  table  on  the  nexi  i:;;ge  e.ilrbils  the  value':  of  Ihe  atomic  weights  of  tho 
elementary  bodies  in  which  chemists  are  uo»  for  the  :n»l  part  agreed  ;  also 
the  abbreviated  symbols  (Ihe  first,  or  first,  two  lei  lers  of  their  Latin  names) 
by  which  they  are  ilc-l^mit.ed  in  chemical  formula}. 

Symbolic  Notation.  —  The  symbols,  II,  O.  K,  etc.,  stand,  not  for  the 
names  of  the  several  elcmonls,  but  for  quantities  of  fhem  proportional  to 
the  atomic  weights.  Combination  bc(  ween  ei  cm  cuts  is  represented  by  the 
juxtaposition  of  the  symbols:  thus  IXut.'l  represents  sodium  chloride,  a 
compound  of  23  parts  by  weight  of  sodium  with  ;]ij-i'  parts  of  chlorine. 
Two  or  more  atoms  of  an  element  are  represented  by  placing  a  small  figure 
to  the  right  of  the  symbol,  and  a  little  below  ;  thus  11.,  denotes  2  atoms  of 
hydrogen;  OH,  denotes  water,  a  compound  of  2  atoms  hydrogen  with  1 
atom  oxygen;  l'Cls.  phosphorus  pentachloi-iilc  :  l''e;03.  iron  sesquioxide,  etc. 
The  elements  in  a  compound  arc  usually  placed  in  the  order  of  their  equi- 
valencies, the  highest  to  the  left;  but  this  order  is  often  departed  from 
when,  by  so  doing,  I  lie  relation  between  I  wo  or  more  compounds  under  con- 
sideration can  be  more  clearly  brought  to  light. 

The  union  of  two  atomic  groups,  or  mo'tv.idrx,  is  represented  by  placing 
their  symbol-  together,  with  :i  point  or  comma  beiweeu  1  horn  :  thus  sa [-am- 
moniac, formed  by  the  union  of  nmmnnia.  SUS,  ami  hydrochloric  acid,  HC1, 
is  represented  by  the  formula  NIT3.  Ilt'l ;  sulphuric  acid,  or  hydrogen  sul- 
phate, which  maybe  regarded  as  sulphur  Inoxidc  combined  with  water, 
may  be  represents  I  by  the  formula  Sl)9.OJIs. 

A.  number  placed  to  the  left  of  a  group  of  symbols  not  separated  by  a 
point  or  comma,  multiplies  the  entire  jjroii(i :  lb. us  o<  ill,  denotes  8 molecules 
of  water;  but  to  denote  I  lie  omit  iplleal  ion  of  a  too  lee  ti  hi  compounded  of  two 
other  molecules,  the  whole  formula  must  be  enclosed  in  brackets,  and  the 
numeral  placed  to  the  left  on  too  line,  or  fo  too  redd  a  little  below  it;  thus 
2  molecules  of  sal-ammoniac  are  denoted  by  2iMIjH01|,  or  (NHS  HC1),. 

If  the  brackets  were  omitted  iti  the  first  of  these  formula!,  the  1  would 
multiply  only  the  pari,  of  the  formula  to  theiefl  of  the  point;  e.g.  30HS.S0, 
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Name. 

Symbol. 

Weight. 

Name. 

*-" 

J5£. 

Aluminium 

Al 

27-4 

Molybdenum 

Mo 

96 

Antimony  (Sti- 

Nickel 

Hi' 

58-8 

Sb 

122 

Niobium 

Nb 

94 

75 

Nitrogen 

N 

14 

Bariuin 

Ba 

137 

Ob 

l«0-2 

Beryllium 

Be 

94 

Oxygen 

16 

Bismuth 

Bt 

210 

Palladium 

Pd 

100-0 

Boron 

B 

Phosphorus 

P 

Bromine 

Br 

80 

Platinum 

Ft 

197-4 

Cd 

1X2 

Potassium 

Cesium 

Cs 

133 

(Kalium) 

K 

39-1 

Calcium 

Ca 

40 

Rb. 

101-4 

Carbon 

0 

12 

Rubidium 

Rb 

86-4 

Cerium 

Ce 

92 

Ruthenium 

Ru 

104-4 

Chlorine 

CI 

35-5 

Selenium 

Se 

79-4 

Chromium 

Cr 

52-2 

Silicium 

28 

Cobalt 

Co 

58-8 

Silver  (Argen- 

Copper      (Cu- 

tum)V 

Ag 

108 

prum) 

Cu 

03 '4 

Sodium  (Na- 

Didymlum 

D 

95 

trium) 

Na 

23 

hr:i:ut:i 

E 

112-6 

Strontium 

87-6 

Fluorine 

F 

19 

Sulphur 

32 

Gold  (Aurum) 

Au 

197 

Tantalum 

Ta 

182 

Hydrogen 

H 

1 

Tellurium 

Te 

Indium 

In 

74 

Terbium  (?) 

l'i  J  i  ri  e 

127 

Thallium 

Tl 

204 

Iridium 

Ir 

198 

Thovinum 

Th 

115-7 

Iron  (F„™») 
Lanthanum 

Pe 

56 

Tin  (Stannum) 

8n 

118 

La 

93-6 

Titanium 

Ti 

50 

Luad    (Plum- 

Tungsten, or 

bum) 

Pb 

207 

Wolfram 

W 

184 

Lithium 

Li 

7 

Uranium 

u 

120 

.UriifiK'Kiu;!! 

Mg 

24 

Vanadium 

V 

61-2 

Manganese 

Mn 

55 

Yttrium 

y 

61-7 

Mercury    (Hy- 

Zino 

Zn 

05-2 

drargyrum) 

Hg 

200 

Zirconium 

Zr 

89-6 

Chemio: 


,ted  by  o 
.»   the  le- 
right! 


sulphur 
which  the  symbol 


;ili<L    !1)0, 


':.;1™ 


of  the 


bodies  formed  by  the  rea. 

side  being  connected  by  the  sign  +. 

(Irimli^inu  iii.'iii,  by  which  s ' 
vojini-i'iHiHi  by  ihu  equation: 

Zn      +     2HC1     =     ZnCl,     -f     H,; 
that  of  phosphorus  jiuiilacliUu-idc  on  n-ntcr,  which  yields  hydrochloric  and 
pliosphoi'io  adits,  by  (he  equation: 

PC1S     ■+      40Hj     ==     6HC1     +     P04Hs. 


y/  Google 


ATOMIC  WEIGHTS.  227 

Numerous  other  examples  will  be  found  in  tho  foot-notes  to  the  preceding 
pages. 

.i'lii/sieal  raid  dicmir-i!  !li./n.tio:is  of  Atomic  Weights. 
We  hare  hitherto  regarded  the  atomic  weights  of  the  elements  as  mere 
numerical  expressions,  or  us  <iuauiilivs  ;n  1  o i j t >_■  i.l  to  represent  the  compo- 
sition of  compounds  without  introducing  fiuciinos  of  eipiivalents.  If  this 
were  all  that  could  bo  sain  aliiiui  them,  they  would  not  be  of  much  impor- 
tance,. We  shall  see,  however,  that  these  same  quantities  exhibit  some  re- 
markable relations  to  the  physical  properties  of  the  elements,  and  to  the 
proportions  in  which  they  combine  together    by  volume. 

1.  To  the  Specific  Il.-'.a  r,f  '.is  .Kh'mrii.'anr  Bodies.  —  The  atomic  weights  of 
the  elements,  determined  uncording  to  their  modes  of  combination,  are,  for 
the  most  part,  inversely  proportional  lo  their  specific  heats;  so  that  the 
proilnci.  of  the  specific  hear,  into  the  atomic  weight,  is  a  constant.  (|iianuiy. 
Tho  same  quantity  of  heat  is  required  u>  produce  a  given  change  of  tem- 
perature in  7  grains  of  liihUim,  fiu  of  iron,  207  ol  load,  108  of  silver, 
19(5-7  of  gold,  210  of  bismuth,  &c. 

This  relation,  already  pointed  out  in  the  chapter  en  Heat  (p.  73),  hold's 
good  with  respect  to  (lie  greater  number  of  the  elements;  but  it  cannot  be 
regarded  as  a  universal  law,  inasmuch  as  three  elements,  carbon,  silicium, 
ami  boron,  whose  atomic  weights  are  welt  established  on  chemical  grounds, 
exhibit  unmistakable  exceptions  to  it.  Nevertheless,  in  case  of  doubt  as 
to  the  correct  determination  of  the  atomic  weight  of  an  clement  according 
to  its  mode  of  combination,  the  agreement  of  lite  value,  thus  obtained  with 
tho  value  determined  accord  in;:  to  the  specific  heat,  is  generally  regarded 
as  nil'ording  strung  evidence  in  i'avor  of  the  result. 

2.  To  the  OrystalliiK  F-ir*i.-°  nf  Oh/h/i'ji/ii-1-: — It  is  found  that,  in  many 
cases,  two  or  more  compounds  which,  from  chemical  eousiderat  ions,  are 
supposed  to  contain  equal  nu  others  of  ai  o;us  of  their  respective  elements, 
crystalline  in  the  saute  or  Lo  very  similar  forms.  Such  compounds  are  said 
to  he  isomorphous*  Thus  the  sulphates  represented  by  the  general  formula 
SO,M,  (61  denoting  a  monogenic  niela!)  are  isomoephous  with  the  corre- 
sponding selena tea  ScO^;  "the  phosphates  P046Ia  are  isomorphous  with 
the  corresponding  arsenates  Ast),>t3,  &c. 

Accordingly',  these  isu  morn  I  urns  relations  are  often  appealed  to  for  the 
purpose  of  fixing  the  eouslilntion  of  compounds,  mid  tjienee  deducing  the 
atomic  weights  of  their  elements,  in  eases  which  would  otherwise  be  doubt- 
ful. Thus  aluminium  forms  only  one  oxide,  viz..  alumina,  which  is  com- 
posed of  18'2  parts  by  weight  of  aluuiinioni  anil  If!  parts  of  oxygen.  What, 
then,  is  the  atomic  weight  of  ahuniniom?  The  answer  to  this  question 
will  depend  upon  the  constitution  as-kino-.t  to  alumina,  whether  it  is  a  mon- 
oxide, sesquioxide,  dioxide,  &c.    Thus: 

Ai. 


Monoxide  .     A10 

=    18     + 

lS-2a 

Sesquioxide    AljOj 

=    48    + 

f  27-1 

',27-i 

Dioxide      .     AlOj 
Trioxide    .     A108 

=     32     + 
=    48     + 

54 '8 

The  numbers  in  the  last  column  of  this  table  are  the  weights  which  must 
be  assigned  to  the  atom  of  ahimininm,  according  to  the  several  modes  of 
constitution  indicatod  in  the  first  column;  hut  there  is  nothing  in  the  con- 
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stitution  of  the  oxide  itself  that  can  enable  us  to  decide  between  them. 
Now,  iron  fornix  two  oxides,  in  which  ihe  ..piauliiios  of  oxygen  united  with 
the  same  quantity  ef  iron  arc  to  one  another  as  1  :  1J,  or  as  2  :  3.  These 
are  therefore  regarded  as  monoxide,  foil,  anil  s-osquio^ide.  i'e^Oj,  and  this 
last  oiide  is  known  lo  bo  isomorphous  wiih  :ihiiiiin:i.  Consequently  alumina 
is  also  regarded  us  a  sesquioxide,  M.,<la.  and  the  atomic  weight  of  alumininm 
is  inferred  to  be  27-1. 

,.  3.  To  ihe  V'J«i>in-/l-  hjCinsia  of  I:. '.',■  .».-.  n!n  iu.A  Cow^/iunil'.-  ■'.['') e  a  resile  ',','■:■  igh!-> 
of  thoso  elements  which  arc  known  t.o  exist,  in  the  state  of  gas  or  vapor  are, 
with  one  or  two  exceptions,  proporl  ionul  lu  their  specific  graviti 
same  state.  Taking  the  speeifi. 
following  gases  anil  vapors  are 
atomic  weights: 

Hydrogen        .  .11     Oxygen    .         .         .         .16 

Chlorine       .  .  .  B5.5         Sulphur         ...  82 

Bromine  .  .  .80  Selenium  .  .  .79 

Iodine  .  .  .        127       I      Tellurium     .  .  .128 

The  exceptions  to  this  rule,  arc  exhibited  by  phosphorus  and  arsenic,  whose 
■vapor-densities  arc  twice  as  great  as  their  atotoic  weights,  that  of  phos- 
phorus being  (52,  and  thai  of  arsenic  lob;  and  by  mercury  and  cadmium, 
whose  vapor-densities  arc  the  halves  of  their  atomic  weights,  that  of  mer- 
cury tie.ii!:  It  n>,  and  '.hat  of  cadmium  66. 

Laws  of  Combination  by  Volomk. — From  Hie  preceding  relations,  it 
follows  thill  the  volumes  of  any  liM  elementary  gases  which  rnnko  up  a 
compound  molecule,  sire  to  one  another  in  the  same  ratio  as  the  numbers  of 
atoms  of  the  same  elements  which  enter  into  Ihe  Compound,  excepting  in 
the  case  of  phosphorus  and  arsenic,  for  which  the  number  of  volumes  thus 
determined  has  to  be  halved,  and  of  mercury  and  eadmium,  for  which  it 
must  be  doubled ;  thus: 

The  molecule  HC1      contains        1  vol.  H  and  1  vol.  CI. 

HsO  "  2    "     H     "     1    "     0. 

"  H.N  "  3    "     H     "     1    "     N. 

HP  „       f       8    «     H     «    1   »     P. 

H*r  lor  6    "     H    "    1    ■■     P. 

CI  As         «       /       3    "     C1    "     *    "    As' 
^Aa  \or(!    "     CI    "     1    "    As. 

CljHg"    •'  2  "     CI    "    2   ■■  iig. 

If  the  smallest  volume  of  r:  irascous  element  that  can  enter  into  combi- 
nation bo  called  the  combining  volume  of  that  element,  the  law  of  combi- 
nation may  be  expressed  as  follows  :  Th--  eov.i.htnin'j  rr,hrn;.f.r,  of  all  elementary 
gasesare  equal,  ezcep-'iiiy  'host  of  /i/nuphorus  o.iol  n.rt.aiic,  which  are  only  half 
those  of  the  other  elements  in  the  i/aseo-.a  st-ite,  una  those  of  ■mercury  and.  eiuhnaati, 
tch.ich  are.  dot/Id-.:  Ihoie  of'  ihs  other  elements. 

It  appears,  then,  that  in  all  cases  fbe  volumes  in  which  gaseous  elements 
combine  together  may  be  expressed  by  very  simple  numbers.  This  is  the 
"Law  of  Volume;;/'  first,  observed  by  Mumbohli  anil  (lay-Lusaac  in. 1805, 
with  regard  to  the  combination  of  oxygen  anil  hydrogen,  and  afterwards 
established  in  other  cases  by  llay-Lussae,  whoso  observations,  published  in 
his  "Theory  of  Volumes,"  afforded  new  and  independent,  evidence  of  the 
combination  of  bodies  in  de.hoile  and  niubiire  pro  pert  ions,  in  corroboration 
of  that  derived  from  the  previously  observed  proportions  of  combination 
by  weight. 

Gay-Lussac  Jikewvc  observed  thai  ihe  pruduet  of  the  union  gf  two  gases, 
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when  itself  a  gas,  sometimes*  retains  tin;  original  volume  of  its  constituents, 
no  contraction  or  ijhiiiijto  of  volume  resulting  from  the  combination,  but 
that  when  contraction  t.alies  place,  which  is  ihe  most  common  case,  the 
volume  of  the  compound  g'ts  always  bears  a  simple  ratio  to  the  volumes  of 
its  elements;  and  subsequent  observation,  oil  ended  over  a  -very  large  num- 
ber of  compounds,  organic  as  well  as  iui.irganic,  has  shown  Unit,  with  a  few 
exceptions,  probably  only  apparent,  the  molecules  of  compound  bodies  m  the 
gateout  state  occupy  t  tcice  the  volume  of  an  utom  of  hydrogen  gat.  No  matter 
what  may  be  the'number  of  atoms  or  volumes  that-  enter  into  the  compound, 
they  all  become  condensed  into  two  volumes,  thus: 

1  vol.  H  and  1  vol.  CI  form  2  vol.  I1C1,  hydrochloric  acid. 

1  i<     X     "    1     "    O       ••     2     "    KO,  nitrogen  dioxide. 

2  ■<    H    "    1    "    0      "     2    "    H.,0.  water. 

3  »    H    "    1    "    N      '•    2    ' 
3    »    H    "    J    ■'    P      "    2    ' 

Similarly  in  the  union  of  compound  gases,  e.  g. 

1  vol.  ethyl,  CjHj,  and  1  vol.  01,  form  2  vol.  CjHgCl,        ethyl 

2  "    ethyl,  C2HS,    "    1    "    0        "2    •'   (C.H^jO,    ethyl 

oxide. 
2    "  ethene,  Csli4,    "    2    "    CI      «    2    "    C,H4C1S,    ethene 

chloride. 
2    "  ethene,  C,H4,     »    1    "    0       "2    •'   CaH,0,     ethene 

Hence  it  follows  thai,  the-  /p/clfc  gr-wiig  of  any  compound  gas  or  vapor,  re- 
f erred  to  ht/tlrogiu  as  unity,  js  equal  to  half  its  atomic  <>r  molecular  weight. 

The  quotient  obtained  by  dividing  the  molecular  weiglil  of  a  body  by  its 
specific  gravity  is  called  its  fiprcijic  or  Atomic  volume;  hence  the  law  just 
suited  may  also  be  thus  expressed  :  The  sja-ciii.e  '-olumes  of  compound  gases  or 
vapors  referred  to  that  of  hydrogen  as  unit//  are,  -with  a.  fern  exception.!,  equal  to  2. 
We  shall  presently  show  thai  the  same  law  applies  to  the  specific  volumes 
of  the  elementary  gases  themselves. 

For  many  years  p;i -it.  attempts  have  been  made  to  extend  lo  solids  and  liquids 
the  results  of  Gay- bustle's  discovery  of  the  law  oi'  gaseous  combination  by 
volume,  the  specific  volumes  of  Ihe  bodies  in  question  being  determined  hy 
Lite  method  pursued  in  the  ease  of  gases  —  namely,  by  dividing  the  mole- 
cular weightby  the  speeifie  gravity.  The  numbers  obtained  in  this  manner, 
representing  the  speeifie  volumes  of  the  various  solid  and  liquid  elementary 
substances,  present  far  move  cases  of  discrepancy  Hum  of  agreement.  The 
bitter  are,  however,  siiflicicuily  nuiuevous  to  e.\ci<e  great,  interest  in  the  in- 
vestigation. Some  of  the.  results  pointed  mil  are  exceedingly  curious  as 
far  as  they  go,  but.  are  not  as  yei  suluctenl  lo  justify  any  general  conclusion. 
The  inquiry  is  beset,  with  many  greal  diilioull  ios,  chietly  arising  from  the 
unequal  expansion  of  solids  and  liquids  by  heat,  and  the  great  differences 
of  physical  state,  and,  consequently,  of  specific  gravity,  often  presented  hy 
the  former. 

THE  ATOMIC  THEORY. 

The  laws  of  chemical  cunib.i  nation,  and  the  re]  a  I  inns  between  atomic  and 
equivalent  weights  above  evpiaiued,  arc  tint  result,  of  pure  experimental  in- 
quiry, and  iudepeiidcui  of  all  hypothesis.  In  tins,  however,  as  in  other 
branches  of  science,  the.  comprehension  of  Experimental  results  may  be 
greatly  faeililaled  by  endeavoring  lo  refer  Ilium  lo  a  general  law  or  mode 
of  action.      That,  no  attempt  should  be  made  lo  explain  the  maimer  in  whiell 
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Chemical  compounds  are  r^vrneil .  and  to  point  out  the  nature  of  the  relations 
between  the  different,  modifications  of  matter  which  determine  chemical 
changes,  would.  indeed,  be  contrary  10  the  speculative  tendency  of  the 
human  mind.  Such  an  attempt  — and  a  very  intrenious  and  successful  one 
it  is  —  has,  in  fact,  he  en  made,  namely,  tin:  atomic  bypn  thesis  of  I)r.  Dalton. 

From  very  ancient  times,  the  question  of  iln:  cnnst'tutlon  of  mutter  with 
respect  to  divisibility  lias  been  debated,  some  a  do-pi  in  g  the  opioion  that  iiiis 
divisibility  is  intinii.e,  and  others,  that  when  the  partie'es  ceooiuc  reduced 
to  a  certain  degree  of  tenuity,  far.  indeed,  beyond  any  stale  that  can  be 
reached  l)y  mechanical  mean-,  they  cease  io  he  In  id  her  diminished  in  magni- 
tude; they  become,  in  short,  atoms.*  Now,  however  the  imagination  may 
sueceod  in  figuring  In  itself  the  condition  of  matter  on  either  view,  it  is 
hardly  necessary  to  mention  th:tt  we  have  absolutely  no  means  at  our  dis- 
posal for  deciding  such  a  question,  which  remains  at.  the  present-  day  in  the 
same  state  as  when  it  first  engaged  the  attention  of  the  Greek  philosophers, 
or  perhaps  that  of  ihc  sages  of  l^vin  and  Iliudostan  iuiig  before  them. 

Dalton's  hypothesis  sets  out  by  assuming  the  existence  of  such  atoms  or 

atoms  of  different  bodies,  one  to  one,  one  to  two,  &o.  The  compound  atom, 
or  molecule,  joins  itself  in  the  same  manner  :o  a  '.■iinipouud  atom  of  another 
kind,  and  a  combination  ef  the  soeond  order  results.  Let  it  be  granted, 
further,  that  the  atoms  of  different  elements  have  different  weights,  fixed 
and  invariable  for  each,  and  the  hypiubesis  becomes  capable  of  rendering 
consistent  and  satisfactory  reasons  for  all  the  observed  numerical  laws  of 
chemical  combination. 

Chemical  compounds  must  a'ways  be  definite:  they  must  always  contain 
the  same  number  of  atoms  of  ihe  same  kind  arranged  in  a  similar  manner. 
The  same  kind  and  number  of  atoms  need  not.  however,  of  necessity  pro- 
duce the  same  substance,  for  they  may  be  differently  arranged;  and  much 
depends  upon  this  circumstance. 

Again,  the  law  of  multiple  proportions  is  perfectly  well  explained.  One 
atom  of  carbon  unites  with  one  atom  of  oxygen  to  fort:!  carbon  monoxide, 
and  with  two  atoms  to  form  carbon  dioxide :  one  atom  of  sulphur  with  two 
and  three  atoms  of  oxygen  to  form  the  dioxide  and  ;r!oxide  of  sulphur; 
one  atom  of  phosphorus  with  three  and  five  atoms  of  chlorine  to  form  the 
trichloride  and  pentachloride  of"  phosphorus;  two  atoms  of  nitrogen  with 
one,  two,  three,  four  and  five  atoms  of  oxygen  to  form  the  five  oxides  already 
montioned  (pp.  157,  220). 

The  atomic  hypothesis  likewise  affords  an  easy  explanation  of  tie  manner 
in  which  bodies  replace  or  may  be  substituted  one  for  the  other.  Here, 
however,  we  come  upon  tin  extension  of  the  original  Ltnlt.onian  hypothesis. 
It  waa  formerly  supposed  that  when  one  e'ement  replaced  auother  in  com- 
bination, the  substitution  always  look  place  atom  for  atom;  and  accordingly 
the  terms  "atoms"  and  "equivalent"  were  regarded  as  synonymous,  at 
least  so  far  as  numerical  value  was  concerned.  But,  according  to  the 
atomic  weights  now  adopted,  and  determined  by  the  considerations  above 
explained,  we  must  suppose  Hint  one  atom  of  an  element  may  take  the  place 
of  two,  three,  four  atoms,  &c,  of  another.  It  is  only,  in  fact,  the  atoms 
of  monogenic  elements  that-  can  replace  each  other  one  by  one;  an  atom 
of  a  polygenic  element,  on  the  other  hand,  always  takes  the  place  of,  or  is 
equivalent  to,  two  or  more  atoms  of  a  monogenic  oloment. 

This  difference  of  equivalent  or  saturating  power  is  often  denoted  by 
plaoing  dashes  or  lioman  numerals  to  the  rii.^ht  of  the  symbol  of  an  ele- 
ment, and  at  the  top,  as  0",  B'",  C!l,  &o. ;  and  the  several  elements  are 
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H 

Bivalent            " 

Dyads       ' 

(i 

Trivalent           " 

Triads       ' 

II 

Quadrivalent    " 

Tetrads     ' 

(! 

Quinquivalent  " 

Tentada     ' 

I' 

Sexvalent          " 

Hesads     ' 

H 

enta  of 

Vtll    .■quivali.'TlCV,    Vl/.. 

the  dyads,  tetrads 

luded  under  the  general  term  arlmda,*  and  th 

of  u 


cqmvi 


lency,  viz.,  the  inoiiads,  n-iads,  and   pentad;;,  avo  ■:li.^i^naled  generally  as 
ycrisswli.f 

Another  method  of  iji'liun'inp-  llm  equivalent  valui'-  of  the  elementary 
atoms,  and  the  mainipr  in  which  they  arc  satisfied  by  combination,  ia  to 
arrange  the  eymbnis  in  (lias;  rams  in  whim  each  elenient  is  eonnected  with 
others  by  a  number  of  lines,  or  coT.iieeiing  bonds,  corres ponding  to  its 
degree  of  equivakijen ;  j:  a.  njon.nl  wciii;;  ciiniipoted  with  other  elements  by 
only  one  such  bono,  a  ii/iud  by  tiirut,  a  htxad  by  sis,  &e.,  as  in  the  follow- 
ing examples:  — 


c  mi. 


Carbon  dioxide,  C02 


Ammonium  chloride,  NH4CI 


H— 0— H 


>K 


H— 0— S— 0— H 


Nitriu  acid,  N08H 


N— O— H 
I 


U  II 

H— 0— Zn— 0— N 
II  II 


mdfc 


titrate,  Ha06Zn    . 

f':T  i;ii  i.l  .■rsfood  that  these  formula  —  which  maybe  called 
x  —  are  not  inL.ia-.di'd  l'i  v  i .- 1  -------  ■  ■  i  "^  :  lie  .n-i  ml  a:i  him-,  ni'-n: 


■  Limn  inai  !in.'^  m tar. ilia1-    iviii^il  [iia y  ne  cant 

)!  intended  tu  nqnese-iii  i  lie  actual  arrangi-nii'i 


s  *Ajn-<of,  even,  f  ntf.<™*s,  nnnTisn. 

at  n     ml     »v»  the  number  or  eonnnotine  tonda ;  each  tor- 

ir        n  lr     I    I    '.I'M!    u "ii   I,  Hi i Ii.ii mi'.,   in. I.  »  I" 

tins  in.- iv  I  in  a  o: anxt.iy  i'uJb;  ii.,..„  i'i:,.ii'..i']i;;itiii:is  arc  callcil  Qhjp  U?  fnriwdir. 
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of  the  atoms  in  a  compound;  indeed,  oven  if  we  had  a  distinct  notion  of 
the  manner  in  which  the  atoms  of  any  compound  are  a.rranged,  it  could  not 
be  adequately  represented  mi  a  plane  surface.  The  linn  connecting  the 
different  utoms  indicate  nothing  ment  than  the  number  of  units  of  equiva- 
lency belonging  1.0  the  several  atoms,  and  the  maimer  in  which  they  are 
disposed  of  by  combination  with  iho.Hc  of  other  atoms.  Tims  the  formula 
for  nitric  aeid  indicates  that  two  of  tin:  throe  constituent  oxygen -atoms  are 
combined  with  the  nitrogen  alone,  and  tire  consequently  attached  to  that 
element  by  both  their  unit!-  of  equivalency,  whereas  I  111:  third  oxygen-atom 
is  combined  both  with  ni'.rnjrco  : l  1 1  ■  1  with  hydrogen. 

By  inspection  of  the  preceding  diagrams,  it  will  bo  observed  that  every 
atom  of  a  compound  has  each  of  its  units  of  efiuivtdeuoy  satisfied  by  com- 
bination with  a  unit  belonging  to  some  other  atom.  Much,  indeed,  is  the 
casein  every  saturated  or  normal  com pound.  Accordingly,  it  is  found  that  in 
all  such  compounds  the  -urn  of  tin:  perissad  d<  met  its  is  a '.ways  an  even  num- 
ber. Thus  a  compound  mill  contain  iwo,  four.  six.  &c.  monad  atoms,  as 
HC1,  OH„  CHj.  C.,ll6.  r,H8.  SiJI/n  ;  or  one  monad  and  one  triad  atom,  as 
BCla;  or  one  pentad  and  live  monads,  us  ;VH,f];  hut.  never  an  uneven  num- 
ber of  perissad  atoms.  This  is  the  "law  of  even  numbers"  announced 
some  years  ago  by  Gcrlwlf.  and  Laurent  as  a  result  of  observation.  It 
was  long  received  with  doubt,  but  lias  now  been  confirmed  by  the  analysis 
of  so  many  well-defined  compound-.,  that  a  do pat lore  from  it  is  looked  upon 
as  a  sure  indication  of  incorrect  analysis. 

For  a  similar  reason,  the  atoms  of  elementary  bodies  rarely  exist  in  the 
free  state,  but,  when  separated  from  any  compound,  tend  to  combine  with 
other  atoms,  either  of  the  same  or  of  some  other  element.  Perissad  ele- 
ments, like  hydrogen,  chlorine,  nitrogen,  fcr.,  separate  fi  em  their  compounds 
in  pairs;  their  molecule  contains  Iwo  atoms,  c.j.  II  — II.  Artiad  elements 
may  unite  in  groups  of  Iwo,  three,  or  move;  ilms  the  molecule  of  oxygen, 
iu  its  ordinary  slate,  prr.tbahiy,  enniains  two  atoms,  thai  of  ozone-  ihree 
atoms;  thus: 

Oxygen 0=0 

Ozone 0  —  0 

V 

0 
The  tendency  of  elementary  aloms  to    Feparaie  in  groups  is   shown  in 
various   ways.      Thus   when    topper   hydride.   L"nji2  lit.   he   hereafter   de- 
scribed), is  decomposed   by  hy.irni-lilin-;(:   acid,  a   i|U!intity   of   hydrogen  is 
given  off  equal  to  twice  that,  which  is  contained  iu  the  hydride  itself;  thus; 

Cu5Hs  +  2HC1  =  CiijCI,  -f  3HH. 
This  action  is  precisely  analogous  to  that  of  hydrochloric  acid  on  cuprous 

CujO  +  2HC1  =  CujCl,  -f  0HS. 
In  the  latter  ease,  the    hydrogen    separated    from    the    liydrochloric   acid 
unites  with  oxygen,  in  the  former  with    hydrogen.      Again,  when  solutions 
of  sulphurous  acid  and  snlph-b  vdrio  aeid  arc  mixed,  the  whole  of  the  sul- 
phur is  precipitated: 

SO,H2  +  2SHa  =  3011,  +  8.6, 
the  action  being  similar  to  that  of  sulphurous  iscia  on  selenhydric  acid: 

SOjH,  -+-  2SeH,  =  30Ha  +  S.Se,. 
lit  the  one  case,  a   Bsilphidrs   of  selenium    is   pri:o.i|iilat.r:d;   in  the  other,  a. 
Sulphide  of  sulphur.      The   precipitation   of  iodine,    which   takes  place  on 
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mixing  hydriodic  acid   witn   iodic   acid,  affords  a  similar  instance  of  the 
combination  of  homogeneous  atoms: 

5IH  +      I03H      =  30Ha  =        311 

Hydriodic  acid.  Iodic;  acid.  Water.  Free  iodine. 
Another  striking  illustration  of  this  mode  of  action  is  afforded  by  the  re- 
duction of  certain  metallic  oxidos  by  hydro^c:)  dioxide.  When  silver  oxide 
is  thrown  into  this  liquid,  water  is  formed;  the  silver  is  reduced  to  the 
metallic  State,  and  a  quantity  of  oxygon  in  evolved  equal  to  twice  that  which 
is  contained  in  the  silver  oxide: 

OAga     +      0,11,       =      OH,     +      Aga     +       00 
Silver        Hydrogon        Water.         Silver.         Oxygea. 
oxide.  dioxide. 

Further,  elementary  bod-.es  frequently  f=  c  i  upon  others  as  if  their  atoms 
were  associated  in  binary  groups.  Tims,  chlorine  acting  upon  potash 
forms  two  compounds,  tiiu  ekioride  and  h  y  j;t,'tj!j  Uj;-i1  c  of  potassium  (p.  185) : 

C1C1  +  OKK  :=  C1K  4.  0C1K. 
Again,  in  the  act-lou  of  chlorine  upon,  msny  organic  Compounds,  one  atom 
of  chlorine  remove-  one  atom  of  hyiroKeu  as  'iydvocliiorie  acid,  while  an- 
other atom  of  chlorine  i  iik.es.  the  pla.ee  of  tin:  hy dragon  Mi  us  removed.     For 
example,  in  the  formation  of  cliiorai;e!iu  acid   by  -lie  motion  of  chorine  on 

C,H40a  +  C1C1  =  HC1  -f  CjHsClO, 
Aoetie  acid.  Chlorac e;  le  acid. 

Similarly,  when  laeta.Uie  sulphides  oxidise  in  the  air,  both  the  metal  and 
the  sulphur  combine  with  oxygen;  anil  sulphur  ad  nig  upon  potash  forms 
both  a  sulphide  ami  a  hyposulphite.  In  all  these  cases  the  atoms  of  the 
elementary  bodies  act  in  pairs. 

On  the  supposition  thai  the  molecules  of  <d"mor:i;i  ry  bodies  in  the  gaseous 
state  are  made  up  of  two  atoms,  the  speoilic  volumes  of  these  gases  will 
come  under  the  same  law  as  I  hat.  tihicli  a  p plies  lo  oo m pounds  (p.  22!))  ;  and 
it  may  then  be  state  I  jve.no rally,  that,  '.vitlt  tho  IV w  exceptions-  already  no- 
ticed, the  specific  ffmi'i/i'-i  of  nil  bo'.iics,  &i::>jili:  uml  compnitntl,  in  the  gaseous 
stale,  are  equal  I't  h*.:'!'  thcii  luoUcdar  u:r<</it.''.  ,■  or  ihi-  -"in  .■.>/•:  volume  (the  quo- 
tients of  the  moleci^ai'  v.  ei|;lu  by  the  specilie  ^rnvitiesj  are  ei/uid  to  2, 

Variation  of  Equivalency .  ■  -  Mull  iv nl out  ov  polygenic  elements  often  ex- 
hibit varying  degrees  of  equivalency.  Tins  carbon,  which  is  quadrivalent 
in  marsh  gas.  CM  v  ami  in  enrbon  dioxide.  (X).,.  is  only  bivalent  in  carbon 
monoxide,  CO;  nitrogen,  which  is  quinquivalent  in  sal-ammoniac,  NH,C1, 
and  the  other  ammonium  salts,  and  in  uitro?<vi  penioxbie.  fi",0,.  is  trivalent 
in  ammonia,  NH3.  and  in  nitroiien  trio  vide.  -\.,('a,  and  univalent  in  nitrogen 
monoxide,  N20 ;  sulphur,  also,  which  i>  sesvule'ni.  in  sulphur  trioxide,  SO,, 
is  quadrivalent  in  sulphur  dioxi.lt:,  SO.,,  and  biva.lenl  in  hydrogen  sulphide, 
SHj,  and  in  many  metallic  sulphides.  '  In  these  cases,  and  in  all  others  of 
varying  equivalency,  the  variation  always  takes  place  by  two  units  of 
equivalency.  It  is  not  very  easy  to  account.  Tor  there  variations;  but  it  is 
observed  in  all  csi*es  that  the  compounds  in  which  the  equivalency  of  a  po- 
lygenic element  is  most  completely  satisfied  are  more  stable  than  the  others, 
and  that  the  latter  tend  to  pass  into  the  former  by  taking  up  the  required 
number  of  univalent  or  bivalent  iiioms;  thus,  carbon  monoxide,  CO,  easily 
takes  up  another  atom  of  exygen  to  form  the  dioxide,  COa;  nitrogen  tri- 
oxide,NaOa,  is  readily  converted  into  the  pentoxide,  N,,0,:  ammonia,  NH3, 
unites  readily  with  liydrouldoviu  acid  to  form  siil-ammoniac,  HH401,  &c. 
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Similar  phenomena  are    cxliLbilcit  by  m:uiy  urg:uio--Tr;i;tn.liic   bodlCS,  US  Will 

From  this  it  seems  most  probable  thai-  the  Inui  equivalency  or  atomicity 
of  a  polygenic  elemrsit  i.-  that,  which  corresponds  with  the  maximum  num- 
ber of  monad  atoms  with  which  it  can  oombine,  but  that  one  or  two  pairs 
of  its  units  of  equivalency  may,  under  certain  circumstances,  remain  un- 
saturated. Whether  a  saturated  or  an  unsaturated  element  is  formed,  will 
depend  on  a  variety  of  conditions,  often  in.  irreai.  measure  on  the  relative 
quantities  of  the  acting  substances.  Thus,  phosphorus,  which  is  a  pentad 
element,  forma  with  chlorine,  ci'.hor  a  trichloride.  l'Clj.  or  a  pentachloride, 
PCIE,  according  as  the  phosphorus  or  the  chlorine  is  in  excess  (p.  217).* 

In  oompoumls  containing  ino  or  more  atoms*  of  the  same  poh  i^enm 
r'.rnuois.  one  or  move  units  of  ei:tiival;-uee  or' dug  i 'if!  to  eaeti  of  i  lie  so  moms 
may  be  neutralized  by  combination  with  those  of  another  atom  of  the  same 
kind,  80  that  the  element  in  turn; Hon  will  appear  to  enter  into  the  compound 
With  less  than  its  normal  driver  of  equivalence.  Thus,  in  ethane,  or  di- 
methyl, C,He.  which  is  a  pot-feet  ly  smble  ooru pound,  having  no  tendency  to 
take  up  an  additional  nunisim  of  atoms  of  hydv.-<jon  or  any  other  element, 
the  carbon  appears  lo  be  Irivalent.  instead  of  <|undvivale.nt;  similarly  in 
propane,  C,U8,  its  ei!i;ii  iilonn-  sip  pears  to  he  reduced  to  *■  ;  and  in  quartanc 
or  diethyl,  C,H,.,  to  ij.  In  all  those  cases,  however,  the  diminution  of 
equivalent  value  in  the"  carbon  atoms  is  only  apparent,  as  may  be  seen  from 
the  following  formulie : 


H— C— H  H— C— H  H—C— H 

K— C— K  H— C— H  H— C— H 


II— c— H  II— C— H 

A  II— C— H 


■e  shortly,  omitting  tlic  equivalent  marks  of  the  monad  a 


la, 

CH,  CH, 


k 


CH,. 
In  each  of  these  compounds,  every  carbon 
ones,  has  two  of  its  units  of  equivalence  satis 
of  the  neighboring  carbon  atoms,  while  each  of  (lie  i 
only  one  unit  thus  satish'ed.  Hence  in  any  similarly  constituted  compound 
containing  n  carbon  atoms,  the  number  of  units  of  equivalence  remaining 
to  be  satisfied  by  the  hvdrogen  atoms  is  4m  —  2(„  —  2)  —  2  =  2»  +  2. 
The  general  formula-  of  this  scries  of  .hydrocarbons  is,  therefore,  C„Hto+!, 
and  the  equivalent  value  of  the  carbon  is  2ll+2. 

*  See  fljao   KrlLinui-L'V'.T,    "  UJ-.i'loirh  in:   eririiriiiCbon   Clieiuie."     Lciijiii!  nil. I    IJciJulburc 
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In  other  eases,  multivalent  aliims  may  ho  united  by  I  wo  or  more  of  their 
units  of  equivalence,  so  fhat  their  cinnbiuiii;;  nower  may  appear  to  be  still 
further  reduced,  .'i-  in  the  liyi.fr u carbon,  <.U14.  in  "'Inch  (.lie  carbon  may  he 
apparently  bivalent,  and  in  CsHa,  in  which  it  may  appear  to  be  univalent; 

-C— H  C— H 


H— 6— H 


C— H. 


In  all  oases,  the  equivalent  value  or  atomicity  of  an  dement  must  be  de- 
termined by  the  number  of  monad  atoms  with  which  it  can  combine.  Of 
dyad  atoms,  indeed,  any  element  or  compound  may  take  Lip  an  indefinite 
number,  without  alteration  of  its  equivalence  or  combining  powers;  for 
each  dyad  atom,  possessing  two  unit.-  of  equivalency,  neutralizes  one  unit 
in  the  compound  which  it  enters,  and  introduces  another,  leaving,  therefore, 
the  equivalence  or  combining  power  of  the  compound  just  what  it  was  be- 
fore. Thus  potassium  forms  only  one  dilorde,  KCI.  and  is,  therefore,  uni- 
valent or  monadic;  lint,  in  addition  to  the  oxide,  K/>.  corresponding  to 
this  chloride,  it  likewise  forms  two  others,  via.,  K,Oaae,d  K.,Ov  in  the  former 
Of  which  it  might  be  regarded  as  dyadic,  and  in  the  hit. lor  as  tetradie  ;  but 
the  manner  in  which  dyad  os.ygen  enters  those  compounds  is  easily  seen 
by  inspection  of  the  following  diagrams: 

Monraddo  Bioiido  Tetrodde 


It  is  evident  that  any  number  of  oxygen-atoms  might,  in  like  manner,  be 
inserted  without  disturbing  the  balance  of  equivalency.  If,  indeed,  we 
turn  to  the  sulphide-  of  potassium,  in  which  the  sulphur  is  dyadic,  liko 
oxygen,  we  find  the  scries,  K..S,,  K.fi.,,  K2Sa,  K;S4,  K,ri..  the  constitution  of 
which  may  be  represented  in  n  precisely  similar  ntautior.  Hence  the  equi- 
valence of  any  element,  muni,  be  determined  by  the  composition  of  its  chlo- 
rides, bromides,  iodides,  or  fluorides,  imt.  by  1  iial.  of  its  o.-.ides  or  sulphides, 

Assuming  then  thai.  the.  maximum  equivalence  of  n  polygenic  element  is 
that  which  represents  its  normal  mode  of  combination,  the  elementary 
bodies  may  be  classified  as  in  the  following  table,  in  which  the  names  of 
the  metalloids  are  prinlod  in  italics,  those  of  the  met  a  Is,  in  Roman  type,  and 
the  elements  are  further  divided  by  horixmiial  linos  into  groups  consisting 
of  elements  closely  related  in  tlieir  chemical  characters:  in  each  of  these 
groups  the  elements  are  arranged  in  (he  order  of  their  atomic  weights,  be- 
ginning with  the  lowest.     (Soo  Table,  p.  226.) 

The  position  of  several  of  I  lie  elemeuis  in  this  arrangement  must  be  re- 
garded as  still  somewhat  doubtful.  Kiiroi/cn.  pl<.o:<ph'iyn-<,  arsenic,  antimony, 
anil  bismuth,  though  quinquivaloul  in  n  considerable  number  of  compounds, 
asamuioniuni-chloridc,  XHa'1,  phosphorus  pentachioride,  1'016,  etc.,  never- 
theless form  very  stable  compounds,  as  Ml,.  A'st'l,,  As/},,  etc.,  in  which 
they  are  trivalent.  It  is  true  thai  these  compounds  pass  with  tolerable 
facility  into  others  in  winch  the  nitrogen,  plui.-phorus,  site,  are  quinqui- 
valent, and  these  latter  show  no  disposition  to  attach  to  themselves  any 
additional  number  of  monad  atoms ;  but,  on  the  other  hand,  these  latter 
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Ilyh-ogtii 

Oxygen 

Boron 

Carbon 
Silicon 
Titanium 
Tin 

Nitrogen 

/'&■■»■// in,. 'US 
Vail.ildiu!!! 

Antimony 
15iHfrLUt.il. 

Sulphur 

SftiltiUM 

Tellurium 

Fluorine 
Chlorine 
Bromine 
Iodine 

Calcium 
Barium 

Gold 

Thallium 

(liL-cmium 
.M.o'.yb- 

den  urn 
Tungsten 

Aluminium 

Borylium 

Lanthanum 

Erbium 
Thorinum 

Lithium 
Sodium 

Potassium 
Rubidium 
Cfflsiura 

Rhodium 

l'ulltnliiii:: 

Iridium 
Osmium 

Niobium 
Tantalum 

Silver 

MeL'UCsilUi; 

Cadmium 

Lai 

Copper 
Mercucjr 

Manganese 

Cobalt 
Nickel 
Cerium 
Indium 
Uranium 

phosphorus  peutuehlorhie  11 


+ 


l'Cl3 


Iron,  and  the  hie  tills  which  follow  it.  in  the  table,  ark'  sometimes  classed 
ashexads,  on  account  of  their  an  atopy  with  chromium,  which  is,  undoubtedly, 
ln>..adic,  inasmuch  as  it  forms  a  hexihuiriile,  CiT6,  Neither  of  these  metal;, 
however,  is  known  lo  form  any  woli-.u riocd  cm  up  .mm  is  in  which  it  is  more 
than  quadrivalent.  Iron,  for  example.  ;s  bivalent  in  ihe  ferrous  sails,  as 
Fe"CL.  and  nuaiirivahmi    in    I  ho  ionic  compound-,   ferric   chloride,  Fc.CI,., 

FeClj 
being  constituted  in  the  manner  shown  by  -.he  fonanh:  |         .     Manganese 

FeCl, 
is  inferred  to  bo  a  hexad,  on  account  of  the  isomorphism  and  similarity  of 
o"mi'0-i;hiu  between  the  magnates  an.  I  i  ho  chi'oma.tcs  :  bin  'ho  ism- or;.::  ism 
of  two  elements,  or  I  hole  carrot  (■.■:.  rii'.ijis  compounds,  does  not  afford  decided 
proof  of  equal  equivalency,  for  the  tiuoniobnte.s  ace  known  to  be  isomor- 
plious  with  the  fluosilioalcs  and  [iuotita.na.t.e.s ;  ami  yet.  niobium  is  a  pentad 
element,  whereas  siiieium  ami  titanium  are  tetrads. 

Sulphur,  selenium,  and  tellurium,  arc  usiiiLllv  regarded  as  dyads,  on  account 
of  the  close  analogy  of  their  compounds  to  (huso  of  oxygen,  and  especially 
of  their  hydrogen  cum  [.-.minds.  JSH  ,.  ka.,  to  water.  But  selenium  and  tel- 
lurium form  we!l-de!!U!-i{  letraelijet'iles;  and  oven  sulphur  tetrachloride. 
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SCI.,  though  it  has  not.  been  obtained  ill  the  fcee  state,  is  known  in  combi- 
nation with  metallic  chlorides,  p<fil|jlmr  Ims  also  lalcly  been  shown  to  form 
Certain  organic  compounds  in  which  it  is  tetradic,  and  others  in  which  it 
appears  to  he  heiadlc*  Moreover,  the  chemical  re  bit  ions  of  the  sulphates 
are  much  more  clearly  reinvented  by  formuho,  in  which  sulphur  is  sup- 
posed to  be  hexadic  (like  that  given  for  sulphuric  acid  on.  page  231),  than 
by  formula;  into  which  it  enters  as  a  dyad  ;  and  similar  remarks  apply  to 
the  selonates  and  tellurates ;  for  these  reasons,  sulphur,  selenium,  and 
tellurium,  are  most  conveniently  regarded  as  he^ads,  though  they  sometimes 
enter  into  combination  as  tetrads,  and  very  frequently  as  dyads. 

Compound  Radicals.  —Suppose  one  or  more  of  the  component  atoms  of  a 
fully  saturated  molecule  to  be  removed :  ii  is  id  car  thai  the  remaining  atom 
or  group  of  atoms  will  no  longer  be  saturated,  but  will  have  a  combining 
power  corresponding  to  the  number  of  units  of  equivalency  removed.  Such 
unsaturated  groups  ;tre  called  n-.w/tn^  or  radical?.  Methane,  OH,,,  is  a  fully 
saturated  compound;  but  if  one  of  its  hydrogen  atoms  bo  removed,  the 
residue  OK.,  (called  rtt.-:iliiii.).  will  be  ready  to  combine  with  one  atom  of  a 
univalent  element,  such  as  chlorine,  bromine,  .Vc.  fiinuiiisr  the  compounds 
CHaCl,  CHjlir,  ftc. ;  two  atoms  of  it.  unite  in  like  manner  with  one  atom  of 
oxygen,  sulphur,  and  other  bivalent  elements.  for.i]].lng  the  compounds 
0"(CH3)2,  S"(Cir3|,,  So.  ;  three  atoms  wilh  nitrogen  yielding  N"(CH3),,  &C. 

The  removal  of  two  In  droLjcu  a1  ems  from  ('H  ,  leaves  I  he  bivalent,  radical 
Cltj,  called  melhcne,  which  yield,  the  compounds  011,CL  CH,0,  CHtS,  &c. 
The  removal  of  three  hydrogen  atoms  from  ■  III,,  leaves  the  Irivalenl,  radical 
CH,  which,  in  combination  with  three  chlorine-atoms,  constitutes  chloro- 
form, CHC1,.  And,  finally,  the  removal  of  all  four  hydrogen-atoms  from 
CII,  leaves  the  quadrivalent  radical  atrium  I!1',  capable  of  forming  the  com- 
pounds CC1,,  CS2,  &o. 

In  like  manner,  ammonia,  NHa,  in  which  th.e  nitrogen  is  frivalont,  yields, 
by  removal  of  one  liyilrogeu-auiin.  (.he  univalent  j'ailical  ami/logen  NHa, 
which  with  one  atom  of  potassium  forms  poiassamine,  NH5K,  and  when 
combined  with  one  atom  of  Ihe  univalent  ra.dioal  methyl,  CKa,  forms  methy- 
lamino,  NH,(CHS),  &e.  The.  abstraction  of  two  hydrogen-atoms  from  tlie 
molecule  NH3,  leaves  the  Invalenl  radical  Uttldutjt.it.  Ml  I.  which  with  two 
mo  thy]  -  atoms  forms  dimethylamino,  NH(CHa)„  &c;  and  Ihe  removal  of  all 
three  hydrogen-atoms  from  Nil,,  leave*  luirtfjat.  itself,  which  frequently 
acts-  as  a  trivalenl  element  or  radical,  tormina  tvipoia^amine  NKj,  trinie- 
thylamine  N(OHn)3,  &o. 

Finally,  the  molecule  of  water,  Oil,,  by  losing  an  atom  of  hydrogen,  is 
conver'ou  inio  the  univalent  radical  Injiirio  til.  Oil,  which,  in  its  relations  In 
other  bodies,  is  analogous  lo  chlorine,  bromine,  and  iodine,  and  may  be 
substituted  in  combination  for  one  atom  of  liydrogon  or  other  monads, 
Thus,  water  itself  may  be  regarded  as  II. HO.  analogous  to  hydrochloric 
acid  HC1;  potassium  hydrate  as  K.HO,  analogous  io  potassium  chloride; 
barium  hydrate,  as  Ba/'.(0I1 ).:,  analogous  in  barium  cliloride  Ba"Clj. 

In  a  similar  manner,  Ihe  univalent  radical,  pt,t.i.s:t„i:tt!.  KO,  may  be  derived 
from  potassium  hydrate  ;  the  hi  vale  in  radical,  dneor-t/i.  Zn02,  by  abstraction 
of  H,  from  lino  hydrate,  Kn"H'2Oa.  The  essential  character  of  these  oxy- 
genated radicals  is  that  each  of  the  oxygen  atoms  contained  in  them  is 
united  to  the  other  atoms  by  one  null  of  equivalency  only,  so  that  the 
radical  has  necessarily  otic  or  two  units  unconnected;   thus: 

Hydroxys H— 0— 

J'otassonvT K— 0— 

Zincoxyl 0— 7.n— 0— 

-:  Si|l|.lcr  l-:,  ':  i   ■]'  '  ■.  S'    fO,  FT.',,J 

KiLL;:i:;ie  .lk-li:i:n :-.::!.,:■!. rii.lc,  s.v-  :i:,,ll1:,';;i(.-;. 
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From  the  preceding  explanations  of  the  mode  of  derivation  of  compound 
radicals,  it  is  clear  t.hai  limn  In  no  limit  in  the  number  of  them  which  may 
be  supposed  to  exist:  in  fact,  it  is  only  necessary  to  suppose  a  number  of 
units  of  equivalency  jbstraeied  from  any  saturated  molecule,  in  order  to 
obtain  a  radical  ol"  corresponding  (sombining  power  or  equivalent  value. 
But  unless  a  radical  can  tu:  supposed  to  outer  inlo  :t  considerable  number 
of  compounds,  thus  forming  them  into  a  group  like  [he  salts  of  the  same 
metal,  there  is  no  I  looe;  aisined  in  pi;  in  I  of  simplicity  or  comprehensiveness 
by  assuming  its  existence. 

It  must,  also,  be  distinctly  understood  that  these  compound  radicals  do 
not  necessarily  e.visr  in  the  sepai-ale  si  ale,  and  that  ihose  of  uneven  equi- 
valency, like  methyl,  cannot  fiint  in  ihat  state,  their  molecules,  if  liberated 
from  co  mil  in  at  hi  n  ■.-.  i  r  1 1  others,  ahvays  dooming  thcmscii  cs,  as  we  have  seen 
to  be  the  case  with  most,  of  the  elementary  hodies.  Thus  hydroxy  1  —  0— H 
is  not  known  in  the  free  state,  the  actually  existing  compound  containing 
the  same  proportion:-  of  livdvogeu  and  oxygen.  being  0..I!,,  or  H— 0 — 0 — H. 
In  like  manner,  methyl,"  Clla;  has  no  separate  existence,  but  dimethyl 
t'.Jlg  is  a  knov.'n  compound: 


s— c— a  ii— c— h 


H— C— H 
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CHEMICAL  AFFINITY. 

THE  term  chemical  affinity,  or  chemical  attraction,  has  been  invented  to 
describe  that  particular  power  or  force,  in  virtue  of  which,  union,  often 

bodies,  in  such  a  \t\iy  as  to  jrivii  rise  to  a  or.w  substance,  having,  for  the 
moat  part,  properties  completely  in  discordance  with  those  of  its  components. 

The  attraction  thus  t.ien.t-1  beU  ecu  different  kiiius  of  matter  is  to  be 
distinguished  from  oilier  modifications  of  aft  motive  force  which  are  exerted 
indiscriminately  bet- nee n  all  deseripi  ions  of  substances,  sometimes  at  enor- 
mous distances,  sometimes  at  intervals  quite  inappreciable.  Examples  of 
the  latter  sire  10  bo  seen  in  oases  of  what  in  called  rohr.'ion,  when  the  par- 
ticles of  solid  bodies  are  .immovably  bound  10  gel  her  in  10  a  mass.  Then,  there 
are  other  effects  of,  if  possible,  a. hi  ill  mora  obscure  kind ;  such  as  the  various 
actions  of  surface,  the  adhesion  of  certain  liquids  to  glass,  the  repulsion 
of  others,  the  ascent  of  water  in  narrow  tubes,  and  a  multitude  of  curious 
phenomena  which  arc  described  in  works  on  Natural  Philosophy,  under  the 
head  of  molecular  Mlians.  l''rom  all  those,  <  rue  chemical  attraction  may  he 
at  once  d.istillgui^!ie.d  hy  the  drcp  nod  con, pi cr,o  change  of  characters  which 
follows  its  exertion:  we  might  define  affinity  to  be  a  force  by  which  new 
substances  are  generated. 

It  seoms  to  be  a  general  law  that  bodins  mo-t.  npposeii  to  each  other  in 
chemical  properties  evince  I  he  ji;reaiesi  1.  omlenf  y  to  etn.ei'  into  combination ; 
and,  conversely,  bodies  between  which  strung  analogies  and  resemblances 
can  he  traced  manifest  a  much  smaller  amount,  of  mutual  attraction.  For 
example,  hydrogen  and  t.i.e  metals  tend  very  strongly  indeed  to  combine 
with  oxygen,  chlorine,  and  iodine,  but  the  attraction  between  the  different 
members  of  these  two  groups  is  incomparably  more  feeble.  Sulphur  and 
phosphorus  stand,  as  it.  were,  midway:  they  combine  with  substances  of 
one  and  the  other  class,  i.heir  pro  pen  ios  seta  rating  thorn  sufficiently  from 
both.  Acids  are  drawn  towards  alkalies,  and  alkalies  towards  acids,  while 
union  among  themselves  rarely  if  ever  lakes  place. 

Nevertheless,  chemical  combination  graduates  so  -imperceptibly  into  mere 
mechanieal  mixture,  that  it  i-  often  impossible  t.n  marl;  the  limit.  Solution 
is  the  result  of  a  weak  kind  of  affinity  existing  between  the  substance  dis- 
solved and  the  solvent  —  si.11  affinity  so  feeble  as  completely  to  lose  one  of 
its  most  prominent  features  when  in  a  more  malted  condition  — namely, 
power  of  causing  elevation  of  temperature  :  for  in  the  act  of  mere  solution, 
the  temperature  falls,  tiie  heat  i<i'  combination  being  los:  and  overpowered 
by  the  effects  of  change  of  state. 

The  force  of  chemical  all  taction  thus  varies  greatly  with  the  nature  of 
the  substances  between  which  it.  is  exerted ;  it  is  influenced,  moreover,  to  a 
very  large  extent,  by  external  or  adventitious  circumstances.  An  idea 
formerly  prevailed  that,  the  relations  of  atfm::y  were  fixed  ant!  constant 
between  the  same  substances,  and  great  pains  were  taken  in  the  prepara- 
tion of  tables  exhibiting  what  was  called  the  precedence  of  affinities.  The 
order  pointed  out  in  these  lis'.s  is  now  acknowledged  10  represent  the  order 
of  precedence /or  tht.  cur  j<  ;.■<.«.'«, ;e-.v  under  which  the  experiments  were  made, 
but  nothing  more;  so  soon  as  these  circumstance.-'  become  changed,  the 
order  is  disturbed.  The  ultimate  elfecl,  indeed,  is  not  the  result  of  the  ex- 
ercise of  one  single  force,  but  rather  the  brim  effect  of  a  number,  so  com- 
plicated and  so  variable  in  intensity,  that  it  is  but.  seldom  possible  to  pre- 
dict the  consequences  of  any  yet  untried  experiment. 

It  will  be  proper  to  examine  shortly  some  of  those  extraneous  causes  to 
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which  allusion  ha=  been  made,  which  modify  mi  so  groat  :iti  oxtoitl  [ho  direct 
run;  iivii'inal  c'Vocts  of  tin".'  spccilio  ii'iracrire  force. 

Alteration  of  temperature  111113'  '"'  reckoned  among  those.  When  metallic 
mercury  is  healed  nearly  In  its  boilinjt-poinf,  ami  in  thai  stain  cv  posed  1 '. :  ■  ■ 
a  lengthened  period  to  ilie  air,  it.  absorbs  in;;™,  aii'l  becomes  converted 
int..)  a  dark-red  crystalline  ] n: '.viler.  This  xtny  sail h;  sub-la  nee,  «  lit;  11  raised 
to  a  still  higher  temperature,  separates  spoil  mucous!;.-  ini...  metallic  mercury 
and  oxygen  gas.  It  may  bo  sit  id.  and  probably  with  truth,  that  the  latter 
change  is  greatly  aided  he  i  ho  tendency  of  the  metal  io  assume  the  vaporous 
state;  but  precisely  the  same  fsusi  is  observed  ■■villi  auot  her  metal,  palladium, 
which  is  not  volatile,  excepting  at  ovlroriioly  hicdi  temperatures,  but  which 
oxidiy.es  superticinlly  at  a  red  beat,  and  sixain  becomes  reduced  when  the 
temperature  rises  (0  whiteness. 

Insolubility  arid  the  power  of  vaporization  are  perhaps,  "beyond  all  other 
disturhitjst  causes,  the.  most  potent  ;  they  interfere  in  aim osi. "every  react  inn 
which  lakes  place,  and  very  i"rco.ucuth-  (urn  I  hi;  scale  v.- hen  1  lie  oppose:!  forces 
do  not  greatly  differ  in  energy.  It.  is  ensv  to  jth  e  examples.  When  a  solu- 
tion of  calcium  chloride  is  mixed  with  11  solution  of  ammonium  carbonate, 
double  interchange  ensues,  erilehim  carbonate  and  ammonium  chloride  being 
generated:  — CaClE  +  CO,  (NH4),  =  C0,Ca  4-  2Nll,Cl.  Here  the  action 
can  be  shown  to  be  jit  a  proar.  tnoa.suro.  dciennineu  by  the  insolubility  of 
tho  calcium  carbonate.  Again,  when  dry  calcium  carbonate  is  powdered  and 
mixed  with  ammonium  chloride,  ami  the  whole  heated  in  ,a  retort,  a  subli- 
mate of  ammonium  carbonate  is  formed,  while  calcium  chloride  remains 
behind.  In  this  instance,  it  is  no  iloubl  the  great  volatility  of  the  new  ant- 
inoniacal.  salt,  which  chielly  ilv.terinie.es  the  kind  of  decomposition. 

When  iron  filings  are  limited  to  redness  in  a  porcelain  tube,  and  vapor  of 
venter  passed  over  them,  (he  win  er  undergoes  decomposition  v  ith  the  utmost, 
facility,  iiyili'o;i-er;  being  rapidly  .lis-:  ocagf il,  and  the  iron  converted  into 
oxide.  On  the  other  hand,  oxide  of  iron,  heated  in  a  tube  llnough  which 
.■1  stream  of  dry  hydrogen  is  passed,  sutlers  almost  instantaneous  reduction 
to  the  metallic  state,  while  the  vapor  of  water,  carried  forward  by  Ilie 
current  of  gas,  escapes  as  a  jet  of  steam  front  the  extremity  of  the  tube. 
In  these  experiments  I  he  alii  ni  ties  behveen  the  iron  and  oxygen  and  the 
hydrogen  and  oxygen  are  so  nearly  balanced,  that  the  difference  of  atmos- 
phere is  sufficient  to  settle  the  point.  An  atmosphere  of  steam  offers  little 
resistance  to  the  escape  of  hydrogen;  an  atmosphere  of  hydro  ceil  liea.rs 
the  same  relation  to  steam  ;  and  this  apparently  irii'.iitg  difference  of  circum- 
stances is  quite  enough  for  the  purpose. 

The  decomposition  of  vapor  of  v.  aler  by  white-hoi  platinum,  pointed  out 
by  Mr.  Grove,  will  probably  be  referred  in  (treat,  part,  to  this  influence  of 
atmosphere,  too  steam  oii'crjig  great  facilities  for  the  assumption  of  the 
elastic  condition  by  the  oxygen  and  hydrogen,  The  decomposition  ceases 
as  soon  a j  these  gases  amount  10  aboul  ,  .,!u,.,  of  I  lie  bulk  ni"  the  mixl  are,  ami 
can  only  be  renewed  by  their  withdrawal.  The  attraction  of  oxygen  for 
hydrogen  is  probably  much  weakened  by  the  very  high  icmperaUire.  The 
recombination  of  the  pises  by  the  heated  metal  is  rendered  impossible  by 
their  state  of  dilution. 

What  is  called  the  nascent  stale  is  one  very  favorable  to  chemical  com- 
bination. Thus,  nitrogen  refuses  to  combine  wit!;  gaseous  hydrogen;  yet. 
when  these  substances  are  .simultaneously  liberated  from  some  previous 
combination,  they  unite  with  great  ease,  as  when  organic  matters  are  de- 
stroyed by  beat,  or  by  spout :t n eous  putrefactive  change. 

There  is  a  remarka.hie.  ami,  at.  the  same  time,  very  extensive  class  of 
actions,  grouped  together  under  Ibe  general  title  of  cases  of  disposing  af- 
finity. Metafile  silver  does  not  oxidize  at  any  temperature:  nay,  more, 
its  oxide  is  Basil;  decompose  .1  by  simple  heat;  yet  if  the  finely  divided 
metal  be  mixed  with  siliceous   mailer  and  alkali,  and  ignited,  the  whole 
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fuses  to  ft  yellow  transparent  glass  of  silver  silicate.  Platinum  is  attacked 
by  fused  potassium  hydrate,  hydrogen  being  probably  disengaged  while 
the  metal  is  oxidize'!  r  this  is  an  oiled,  which  never  happens  to  silver  under 
the  some  ci  re : :  m.-t  an  ms,  although  silver  is  a  much  i; : o i  o  oxidadle  snhshince 
than  platinum.  The  foci.  is.  thru  potash  form!*  with  the  oxide  of  the  last- 
named  metal  a  kind  of  saline  compound,  in  which  ilie  platinum  oxide  acts 
as  an  acid;  and  hence  its  formal  ion  under  the  tli.<}>i>xing  influence  of  the 
powerful  base. 

In  the  remarkabie  decompositions  siuTered  by  various  organic  bodies 
when  heated  in  contact  with  caustic  alkali  or  lime,  we  have  other  examples 
of  the  same  fact.  Products  arc  generated  which  are  never  formed  in  the 
absence  of  the  base;  the  reaction  is  invariably  less  mm  plica  ted,  and  its 
results  few  iu  number  and  more  definite,  than  in  the  event  of  simple  de- 
struction hy  a  graduated  heat. 

There  is  yet  a  still  more  obscure  class  of  phenomena,  called  catahj sis,  in 
which  effects  arc  brought  about  by  the  mere  j,r»«  of  a  substance  which 
itself  undergoes  no  perceptible  ouange:  the  experiment  mentioned  in  the 
chapter  on  oxygen,  iu  which  dial  gas  is  obtained,  with  the  greatest  facility, 
liv  heating  a  mixture  of  poiissium  chlorate  and  manganese  dioxide,  is  an 
excellent  case  in  point.  The  salt  is  decomposed  at  a  very  far  lower  tem- 
perature than  would  otherwise  bo  required,  mill  yet  the  manganese  oxide 
doos  not  appear  to  undergo  any  alteration,  being  found  after  the  experi- 
ment in  the  same  state  as  before.  It  may,  however,  undergo  a  temporary 
'alteration.  We  know,  indeed,  that  this  oxide  is  capable  of  taking  up  an 
additional  proportion  of  oxygen  and  forming  manganic  acid;  and  it  is 
quite  possible  that  in  the  reaction  just  considered  it  may  actually  take 
oxygon  from  the  peresi-ium  chlorate,  ami  pass  to  the  state  of  a  higher 
oxide,  which,  however,  is  immediately  decomposed,  the  additional  oxygen 
being  evolved,  and  the  manganese-oxide  returning  lo  its  original  state. 
The  same  effect  in  faci'.itatiug  ihc  decomposition  of  the  chlorate  is  produced 
by  eupric  oxide,  ferric  oxide,  and  lead  oxide,  all  of  which  are  known  to 
be  susceptible  of  higher  oxidation  The  oxides  of  /.ine  and  niagmsium, 
on  the  contrary,  which  do  not  form  higher  oxides,  are  not  found  to  facili- 
tate the  decomposition  of  the  chlorate  :  neither  is  any  such  effect  produced 
by  mixing  the  salt  with,  other  pulverulent  substances,  such  as  pounded 
glass  or  pore  silica. 

The  so-called  catalytic  actions  are  often  mixed  up  with,  other  effects 
which  are  much  more  intelligible,  as  the  action  of  finely  divided  platinum 
on  certain  gaseous  mixtures,  in  which  the  solid  appears  to  condense  the 
gas  upon  its  greatly  extended  surface,  and  (hereby  to  induce  combination 
by  bringing  the  particles  within  the  sphere  of  their  mutual  attractions. 

Relit/ions  of  Heat  to  Chemieu!  A/ii/iiii/.  -  -Whatever  may  be  the  real  nature 
of  chemical  aliinity,  one  most  important,  fact  is  clearly  established  with 
regard  to  it;  namely,  that  its  manifestations  are  always  accompanied  by 
the  production  or  annihilation  of  heat.  Change  of  composition,  or  chem- 
ical action,  and  heat  are  mutually  convertible  :  a  given  amount  of  chemical 
action  will  give  rise  to  a  certain  definite  amount  of  head,  which  quantity 
of  heat  must  be  directly  or  indirectly  expended,  in  order  to  reverse  or 
undo  the  chemical  tie  lion  lliiit  has  prod:  tec  1  ii.  The  production  of  heathy 
chemical  action,  and  the  definite  qiuaitiiaiive  religion  tetween  the  amount 
of  heat  evolved  and  the  quantity  of  chemical  action  which  takes  place,  are 
roughly  indicated  by  the  facts  of  our  most  familiar  experience;  thus,  for 
instance,  the  only  practically  important  method  of  producing  heat  arti- 
ficially consists  in  dunging  the  elements  of  wood  and  coal,  together  with 
atmospheric  oxygen,  into  carbon  dioxide  and  water  ;  and  every  one  knows 
that  the  heat  which  can  be  thus  oblaiued  frnir;  a  given  quantity  of  coal  is 
liujitetl,  and  is,  at  least  approximately,  always  the  same. 
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The  accurate  measurement  of  the  quantity  of  heat  produced  by  a  given 
amount  of  chemical  action  is  a  problem  of  very  grear  difficulty;  eliieily 
because  chemical  changes  very  seldom  take  place  alone,  but  are  almost 
always  accompanied  by  physical  ehaiigres-  hu-otving  further  calorimetric 
effects,  each  of  which  requires  10  bo  rxaa.iate'.y  measured  and  allowed  for. 
before  the  effect  duo  to  the  ehemieul  aei.ion  enu  be  rightly  estimated.  Thus 
the  ultimate  result  has,  in  most  cases,  id  be,  deduced  from  a  great  number 
of  independent  jueasiiremoriis,  e:ieh  of  which  is  liable  !o  a  certain  amount 
of  error.  It.  is  Therefore  not  surprising;  that  the  resulis  of  vm-ious  e\|ioia- 
ments  should  differ  io  a  ooiiM.ia.raiiic'.y  ;;rent.  eslenl,  ami  that  some  uncer- 
tainty should  still  exist  as  id  the  ts.u el  quantity  of  neat  corresponding  to 
even  the  simplest  canes  of  ehemkal  action. 

The  experiments  are  made  by  enclosing  Ihe  acting;  substances  in  a  vessel 
called  a  calorimeter,  ^urronnded  by  water  or  iticrrjury,  I  lie  rise  of  tempera- 
ture in  which  indiences  the  quantity  of  heat  evolved  by  the  chemical  action, 
after  the  necessary  corrections  have  been  made  for  the  beat  absorbed  by  the 
containing  vessel  and  the  oilier  parts  of  the  apparatus,  and  for  the  amount 
lost  by  radiation,  &c.  Combustions  in  oxygen  ami  (jiitarine  are  made  in  a 
copper  vessel  surrounded  by  water;  the  lient  evolved  by  the  mutual  action  of 
liquids  M  dissolved  subsi  amies  is  estimated  by  means  ui'  a  sniai'er  calorie:  el  or 
containing  mercury.  Tlie  enn-truclion  of  lliese  instruments  and  the  methods 
of  ebso.-v alien  involve  details  which  ore  beyond  the  li.oits  of  this  work* 

The  following  table  gives  the  quaui.il  ies  of  iieat,  expressed  in  heat-uniis,-f 
evolved  in  the  combustion  of  various  elements,  and  a  few  compounds,  in 
oxygen,  referred:  (1)  to  1  gram  of  each  substance  burned;  (2)  to  1  gram 
of  oxygen  consumed ;  (3)  to  one  atom  or  molecule  (expressed  in  grams)  of 
(.lie  various  substances:  — 


Beat  of  Combustion  of  l'!:(rr:'.r,tnni  ftuhsitiKrs 

n  Oxygen. 

Unit,  of  h™*™™ 

';■!,;;;:;;;■,;:' 

XiSZ 

Si&£ 

j  338H1 

4236 

53881 

Andrews 

Hydrogen    .     .     . 

OH, 

..CiUB 

64462 

Favre&Silbermann. 

Carbon: 

Wood-charcoal 

COa 

f790O 

\  SOSt) 

29C2 

94800 

Andrews. 

Gas  retort  carbon 

8047 

8018 

flr;:,04 

Native  graphite 

7797 

•2\m 

f!K5ti4 

Artificial  graphite 

2011 

S:-;i44 

Diamond    .     .     . 

7770 

2914 

yso-io 

Sulphur: 

Native  .... 

SO, 

2220 

2220 

71040 

Recently  melted  . 

2260 

■2-y,Q 

7it20 

Flowers     .     .     . 

.2307 

2807 

73821 

Andrews. 

Phosphorus : 

(Yellow)     .     .      . 

PA 

6747 

4464 

178157 

Zinc    ..... 

Znt.i 

1330 

6390 

fiti-blO 

Fe,04 

1582 

41 58 

88r>!'<2 

Tin 

1147 

4230 

IS.Wii!) 

Copper    .... 

CuO" 

603 

2894 

SS-'JIM 
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n  obtained  by  the  complete  combustion  of 


,-,„,. 

Units  of  heat « 

Substance. 

*s£T 

iK== 

Observer. 

Carbon  monoxide,  CO 
Stannous  oxide,  SnO 

Cuprous  oxide,  C[i;0 

co2 

SnO, 
CuO 

1  2-103 

i  2131 

519 

250 

67284 
08064 
69584 
18304 

Favre  &  Silbei-mann. 
Andrews. 

The  Inst  three  substances  in  Mils  lable  contain  exactly  half  aa  much 
oxygen  aa  the  completely  oxidized  products;  and  on  comparing  the  amount 
of  heat  evolved  in  (ho  foriiiitlion  of  one  molecule  of'  stannic  or  oupric  oxide 
from  the  correspotnlinu;  lower  oxide,  v.-itb  the  quantity  p rod uc oil  when  a 
molecule  of  the  same  product  is  formed  by  the  complete  oxidatiou  of  the 
metal  in  one  operation,  wc  find  that,  tin:  combination  til'  the  second  half  of 
the  oxygen  contained  in  these  bodies  evolves  sensibly  half  as  much  as  the 
combination  of  the  whole  quantity.  In  tiie  for  mat  ion  of  carbon  dioxide, 
however,  the  second  half  o:  the  oxygen  appears  to  Jon  eiop  more  than  two 
thirds  of  the  total  amount  of  heat;  bul  litis  result  is  probably  due,  in  part 
at  least,  to  the  fact  that  when  cas-lmn  is  burned  imo  eai-bon  dioxide,  a  con- 
siderable but  u  ii  know  i]  quaii  I  iiy  of  heat  is  us  ponded  in  converting  the  solid 
carbon  into  gas,  and  tints  escape  measurement  ;  while,  in  carbon  monoxide, 
the  carbon  already  mi.'ls  in  the  iscuous  form,  ami  therefore  no  portion  of 
the  heat  evolved  in  the  combustion  of  this  substance  is  similarly  expended 
in  producing  a  change  of  state. 

'  It  seems  probable,  also,  that  a  similar  explanation  may  be  given  of  the 
inequalities  in  the  quantities  of  heal  produced  by  the  combustion  of  differ- 
ent varieties  of  pure  carbon  and  of  sulphur  —  that  isle  say,  that  a  portion 
of  the  heat  generated  by  the  combustion  of  diamond  and  graphite  goes  to 
assivuilato  their  molecular  eniulii  ion  to  I  bul  of  wood -charcoal,  and  that  there 
is  an  analogous  expenditure  of  heat  in  the  combustion  of  native  sulphur. 

Combus/ionx  in  Chlorine,  find  JUmt  ConAinniion  a]  Chlorine.,  Bromine,  ttmi 
Iodine  with  other  Elcmmts.  —  The  folio win<?  table  gives  the  quantities  of  heat 
evolved  by  the  direct,  union  of  various  el  em  cm-  with  gaseous  chlorine : 
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The  heat  evolved  by  the  diriscL  union  of  bromine  and  iodine  with  i\- 
and  iron  has  also  boon  i.io'.ertiLuicd  'nv  Audreys:  the  results  obtained  ii 
given  in  the  nest  table  : 


163 


68 


8016 


Reactions  in  Presence  of  Water.  — The  thermal  effects  which  may  result 
from  the  reaction  of  diHercm-  substances  on  one  another  in  presence  of 
water,  are  more  eouiolicai.ed  than  those  result  iu;r  from  direct  combination. 
In  addition  to  the  ditiYren;  specific  ln.-^i s  :.ii'  !lie  re :;gcn:s  mid  products,  and 
to  the  different  quantities  of  limit  absorbed  by  tlieru  iti  dissolving,  or  given 
out  by  them  in  combining  with  water,  the  conversion  of  soluble  substances 
into  insoluble  one*,  as  a  cijiiseiiuenoc  of  the  etuL'sniou!  action,  or  the  inverse 
change  of  insoluble  into  soluble  bodies,  are  among  ibo  secondary  causes  to 
which  part  of  the  oalorimelriC  eliYcf  may  be  due  in  tliese  cases. 

When  a  gas  dissolves,  in  water,  the  heat  due  to  the  chemical  action  is 
augmented  by  that,  doe  to  the  Siquefaetiuji  of  the  gas  ;  so  also  when  a  solid 
body  is  dissolved  in  water,  the  total  thermal  effect,  is  due  in  part  to  the 
chemical  action  taking  place  between  Hie  witter  and  the  .solid,  and  in  part 
to  the  liquefaction  of  the  .substance  dissolved.  Tn  the  former  cases  the 
chemical  and  physical  parts  of  ihe  phenomenon  both  cause  evolution  of  heat; 
in  the  latter  case  the  physical  change  occasions  disappearance  of  beat,  and 
if  this  effect  is  greater  than  that,  due  to  the  chemical  action,  the  ultimate 
effect  is  the  production  of  cold,  and  il  is  this  which  is  generally  observed. 

Cold  produced  by  Oit'iioenl  Decomposition, --\:  is  highly  probable  that  the 
thermal  effect  of  the  reversal  of  a  given  chemical  a.-lioti  is  in  all  eases  equal 
and  opposite  to  the  thermal  effect  of  that  action  itself.  A  direct,  conse- 
quenco  of  this  proposition  is  that  the  s'perHiiuii  of  any  iu-n  bodies  is  attended 
with  the  absorption  of  a.  quan:ity  of  hen!  equal,  to  too!  which  is  evoked  in  Ihrir 
combination.  The  truth  of  this  deduction  has  been  experimentally  estab- 
lished  in  Yariouseas.es,  by  Wood, :f  .loule,-]- and  t'a.vre  and  Silbermann,  by  com- 
paring the  heat  evolved  in  the  elect  rolvsis  of  dilute  sulphuric  acid,  or  solu- 
tions of  metallic  salts,  wiih  that  which  Is  developed  in  a  thin  metallic  wire 
by  a  current  of  the  same  strength :  also  by  comparison  of  the  heat  evolved 
in  processes  of  combination  accompanied'  bv  simultaneous  decomposition, 
With  that  evolved  when  ihe  same  combination  occurs  between  free  elements. 

By  determining  the  heal,  evolved  when  dilforonl  metals  were  dissolved  in 
water  or  dilute  acid,  Wood  round  thai  it.  was  less  that.  thai,  which  would  bo 
produced  by  the  direct  oxidation  of  lh"  same  metals,  by  a  quantity  equal 
to  that  which  would  be  obtained  bv  burning  ilie  hydrogen  set  free,  or 
which  was  expended  in  decomposing  tlm  water  or  acid:  and,  therefore, 
that  when  this  latter  quantity  was  added  to  the  results,  they  agreed  with 
the  numbers  given  by  experiments  of  direct  oxidation. 
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When  a  voltaic  current  (if  considerable  power  is  made  to  traverse  various 
compound  liquid;!,  n  separation  of  Ihe  clemenls  of  these  liquids  ensues; 
provided  that  the  liquid  bo  capable  of  conducting  the  current,  its  decom- 
position almost  always  follows. 

The  elements  are  iliseiignjifil  solely  at  the  limiting  surfaces  of  the  liquid, 
whore,  according  to  the  eounuon  mode  of  speech,  the  cm-rent  enters  and 
leaves  the  latter,  all  the  intermedin  I  e  portions  appearing  perfectly  quies- 
cent. In  addition,  the  elements  are  net  separated  indifferently  and  at 
random  at  these  two  surfaces!  but,  on  Urn  contrary,  make  their  appear- 
ance with  perfect,  uniformity  and  constancy  at  one  or  the  other,  according 
to  their  chemical  character —  namely,  oxjiten,  cblot'lne.  iodine,  acids.  &c, 
at  the  surface  connected  with  the  <:<i/,/i,r.  or  pr;xiiii>c  end  of  the  battery; 
hydrogen,  the  metals,  Stc,  at  the  surface  in  connection  with  the  zinc  or 
nv.-im )■■:■■■  cxlreiniiy  of  ih.i  iuvaiigcmcnt. 

The  terminations  of  the  buttery  i  I  self--  usually,  but  by  no  means  neces- 
sarily, of  metal —  are  designated  poles  or  ebrtriij^,'"  as  by  their  interven- 
tion the  liquid  to  lie  cvporiuicnt.cd  un  is  made  a  part  of  the  circuit.  The 
process  of  decomposition  by  the  current,  is  called  dixtrvl'/sis.f  and  the 
liquids,  which,  when  thus  treated,  yield  ii|i  their  elements,  are  denomi- 
nated -Iv.trohjies. 

When  a  pair  of  platinum  plates  are  plunged  into  a  glass  of  water  to 
which  a  few  drops  of  oil  of  vitriol  lmve  been  added,  and  the  plates  con- 
nected by  wires  with  the  eMretnitios  of  an  active  battery,  oxygen  is  disen- 
gaged at  the  positive  electrode,  ami  hydrogen  at  the  negative,  in  the  pro- 
portion of  ono  measure  of  the  former  to  two  of  the  latter  nearly.  This 
experiment  has  before-  been  described. J 

A  solution  of  hydrochloric  acid  ini-ieil  with  a.  liiilc  fuxon  blue  ■:':!oli^o':, 
and  Irea.i.ed  ia  the  same  manner,  yields  hydrogen  on  the  negative  side  anil 
ch  lu  vine  on  ihe  positive,  the  indigo  t  lie  re  becoming  bleached. 

Potassium  iodide  dissolved  in  wal  er  is  ileooiu[>tise.l  in  a  similar  manner  ; 
the  free  iodine  at  the  positive  side  can  be  rece^ni/cd  by  its  brown  color, 
or  by  the  addition  of  a  little  gelatinous  starch. 

All  liquids  are  not.  electrolytes;  many  refuse  10  conduct,  and  no  decom- 
position can  then  occur:  alcohol,  elhei',  iiumerous  essential  oils,  and  oilier 
products  of  organic  chemistry,  besides  a  lew  saline  in  organic  compounds, 
act  in  this  manner,  and.  completely  ai  i-tsi  I  he  current  af  a  powerful  battery. 

One  of  the  most  ini|)0rla.n(.  and  indispensable  conditions  of  electrolysis  is 
fluidity:  bodies  which,  when  reduced  to  the  liquid  state,  conduct  freely, 
and  as  freely  suffer  decomposition,  become  absolute  insulators  to  the  elec.- 
tvielty  of  the  battery  when  they  become  solid.  Lend  chloride  offers  a 
good  Illustration  of  this  fact:  when  fused  in  a  porcelain  cruciblo,  it  gives 
up  its  elements  with  the  utmost  case,  and  a  galvanometer,  interposod 
somewhere  in  the  circuit,  i^  strongly  affected.  But  wlieu  the  source  of 
heat  is  withdrawn,  and  the  sa.h.  suffered  to  solidify,  sign*  oT  decomposition 
Cease,  and  at  the  same  moment,  the  magnet  io  needle  reassumes  its  natural- 
position.      In  the  same  manner,  the  thinnest  film  of  ice  arrests  the  current 
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of  a.  powerful  voltaic  apparatus ;  but  the  instant,  the  ice  is  liquefied  at  any 

0110  point,  so  that  water  cos uriicaliun  is  restored  between  the  electrodes, 

the  current  again  passes,  anil  decomposition  occurs.  Fusion  by  heat,  and 
solution  in  aqueous  liquids,  answer  Ihc  purpose  equally  well. 

Generally  speaking,  corn]'. .mid  liquids  cumio:  conduct-  the  electric  cur- 
rent without  being  decomposed:  hul  still  there  are  a  few  exceptions  to 
this  statement,  which  poi-haps.  arc  mere,  apimii-tit  than  real.  Thus  Hittorf 
has  shown,  that  fused  silver  sulphide,  which  was  formerly  regarded  as  one 
of  the  exceptions,  can  not  be  considered  t.o  be  so,  and  licet/,  has  since  proved 
the  same  to  be  the  case  as  regards  mercuric  iodide  and  lead  Buoride. 

The  quantity  of  any  given  compound  liquid  which  can  be  decomposed 
by  any  given  electric  ban  cry  dcocmls  on  ihe  resist  since  of  tho  liquid :  the 
more  resistance  the  less  decomposition,  ltistilled  water  has  only  a  small 
power  of  conduction,  and  is  therefore  only  .slighily  decomposed  by  a  bat- 
tery of  30  to  40  pairs  ;  whilst  diluted  sulphuric  acid  is  one  of  the  best  of 
fluid  conductors,  end  undergoes  rapid  decomposition  by  a  small  battery. 

When  a  liquid  which  can  be  decomposed,  and  a  galvanometer,  are  in- 
cluded in  the  circuit  of  an  electric  current,  jf  the  needle  of  the  galvano- 
meter be  deflected,  il  may  be  si  hi  ai  s  assumed  as  certain  that  a  portion  of 
liquid,  bearing  a  proportion  to  the  streuglh  of  the  current,  is  decomposed, 
although  it  may  he  impossible  in  many  cuscs.  ivilijoiit  special  contrivances, 
to  detect  the  products  of  the   decomposition,  on  account  uf  their  minutc- 

The  metallic  terminations  of  the  battery,  the  poles  or  electrodes,  have, 

in  themselves,  nothing  in  the  shape  o!'  aMraolivc  or  repulsive  power  for 
the  elements  separated  ai.  their  surfaces.  finely  divided  metal  suspended 
in  water,  or  chlorine  held  in  solution  in  that  liquid,  shows  not.  the  least. 
symptom  of  a  tendency  to  aecumnhi.lo  around  I  hem;  a  single  clement  is 
altogether  unaffected  —  directly,  at  least;  separation  from  previous  combi- 
nation is  required,  in  order  thin,  tiiis  stpijoaraisce  should  be  exhibited. 

It  is  necessary  to  examine  the  process  of  electrolysis  a  little  more 
closely.  When  a  portion  of  hydrochloric  acid,  for  ciamplc,  is  subjected 
to  decomposition  in  a  glass  vessel  with  parallel  sides,  chlorine  is  disen- 
gaged at  the  positive  electrode,  ami  hydrogen  at.  the  negative:  tho  gases 
are  perfectly  pure  and  unmixed.  If,  while  the  decomposition  is  rapidly 
proceeding,  the  intervening  liquid  be  examined  by  si  beam  of  light,  or  by 
other  means,  not  the  slightest  disturbance  or  movement  of  any  Itind  will 
be  perceived;  nothing  like  currents  in  the  liquid  or  bodily  transfer  of  gas 
from  one  part  to  another  can  be  delected  ;  and  yet  two  portions  of  hydro- 
chloric acid,  separated  perhaps  by  an  interval  of  four  or  five  inches,  msiy 
be  respectively  evolving  pure  ch'e.irine  ;iud  pure  hydrogen. 

There  is,  it  would  seem,  but  one  mode  of  explaining  this  and  all  similar 
cases  of  regular  electrolitio  decommisiliuu  :  this  is  by  assuming  that  all 
the  particles  of  hydrochloric  acid  between  the  electrodes,  and  by  which 
the  current  is  conveyed,  .situ all a.vieon sly  suffer  decomposition,  the  hydrogen 
travelling  in  one  direction,  sind  too  chlorine  its  the  other.  The  neighboring 
elements,  thus  brought  into  close  pvovimity,  unite  and  reproduce  hydro- 
chloric acid,  again  destined  to  be  decomposed  by  a  repetition  of  the  ssimc 
change.  In  this  msiuuer,  each  particle  of  hydrogen  may  be  made  to  travel 
in  one  direction,  by  becoming  successively  united  to  each  particle  of  chlo- 
rine between  itself  si  mi  ihe  negative,  elect  rode  :  when  it.  reaches  the  latter, 
finding  no  disengaged  particle  of  chlorine  for  its  rcceplion,  it  is  rejected, 
as  it  were,  from  the  series,  and  thrown  off  in  a  separate  slate.  The  same 
thing  happens  to  each  psirfiele  of  chlorine,  which  at.  the  same  time  passes 
continually  in  lite  opposite  direction,  by  combining  successively  with  each 
particle  of  hydrogen  thai  mooters!  sopaiwod.  with  which  it  meets,  until  at 
length  it  arrives  at.  the  positive  plate  or  wire,  and  is  disengaged.      A  5UC- 
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Cession  of  particle-  of  hydrogen  are  thus  ootiiiuii'tlly  Ihrown  off  from  the 
decomposing  mass  n r.  one  e.MreiiiLty,  and  a  corresponding  succession  of 
particles  of  chlorine  at  tie  other.  The  power  of  the  current  is  exerted 
with  equal  energy  in  every  pju-t-  of  flu;  liquid  conductor,  though  its  effects 
become  manifest  only  at  the  very  extremities.  The  notion  is  one  of  a 
purely  molecular  or  internal  mil  lire,  an: I  Hie  metallic  terminations  of  the 
battery  merely  serve  the  purpose  of  completing  ihe  connection  between 
the  latter  and  the  liquid  to  be  decomposed.     The  figures  141  and  142  are 
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intended  to  assist  Hie  ;mai;mation  of  rlie  ro;i-.l i.'r,  who  must  at  the  same 
time  avoid  regarding  them  in  any  oilier  light  than  lint  of  a  somewhat 
figurative  mode  of  representing  Ihe  envious  phenomena  described.  The 
cirelos  are  intended  t.o  indicuio  ihe  elements,  and  lire  distinguished  by 
their  respective  symbols. 

Like  hydrochloric  acid,  all  electrolytes,  when  acted  on  by  electricity,  are 
split  into  two  constituents,  which   pn.ss    in    opposite  directions.      The  one 

Fig.  liZ. 
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class  of  substances,  like  my^cn,  cblorino,  He...  are  evolved  at.  the  positive 
electrode;  the  other  class,  like  hydrogen  ami  Hie  nieials,  at  the  negative 
eleetrode. 

It  Is  of  importance  to  remark  ilui.l.  osyKeu  suits,  such  as  sulphates  and 
nitrates,  when  acted  on  by  the  current,  do  not  divide  into  acid  and  basic 
oxide,  but,  as  Daniel  1  and  Miller  proved,  inlo  metal  and  a  compound  sub- 
stance, or  group  of  elements,  which  is  transferred  in  such  a  state  of  asso- 
ciation that,  as  regards  iis  eicclricul  behavior,  il  represents  an  element. 
Thus,  cupric  sulpha.lo,  SiO/.'-n.  splits,  not.  inio  S03  and  CuO,  but  into  me- 
tallic copper  and  nalfmiom  HO,,.  Hydrogen  sulphate,  or  sulphuric  acid, 
HO,Hj,  divides  into  Ihe  same  com  pound  -nMp  and  hydrogen.  In  a  Biioilar 
way,  also,  the  part  of  the  electrolyte  which  passes  to  Ihe  negative  pole  may 
consist  of  a  group  of  elements.  A  solution  of  sal-ammoniac,  ft'1-I/.'l,  fur- 
nishes a  beautiful  instance  of  this  fact,  .since  it,  is  decomposed  by  the  cur- 
rent in  such  a  rna.uner  that  the  ammonium  >i  l!4  itoes  to  the  negative,  and 
the  chlorine  to  the  positive  pole. 

A  distinction  must  be  carefully  drawn  between  true  and  regular  elec- 
trolysis, and  what  is  call  oil  secondary  decoinposil  ion,  brought  about  by  the 
reaction  of  the  bodies  so  eliminated  upon  the  surrounding  liquid,  or  upon 
Ihe  substance  of  the  electrodes:  hence  the  advaeinge  of  platinum  for  the 
latter  purpose,  when  electrolytic  actions  are  to  he  studied  in  their  greatest 
simplicity,  that  metal  hi'injr  scareeH-  attacked  by  any  ordinary  agents. 
When,  for  example,  a  solution  of  leaii  nitvaie  or  acetate  is  decomposed  by 
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the  current  between  platinum  plalcs,  ;:ic!iilli'j  *ead  is  deposited  at.  the  ne- 
gative side,  and  !i  bi'iiHn  powder,  lend  dioxide,  at  the  positive :  tlie  liider 
substaoce  is  i. In:  result  of  si  secondary  action  ;  it  proceeds,  in  fact,  from  the 
nascent  oxygen  at.  the  m onion t  of  irn  liberal  ion  vmict  hiir  upon  the  monoxide 
uf  loud  present  in  the  sail,  ami  convert  hi;-  ii  into  dioxide,  which  is  insoluble 
in  the  dilute  acid.  When  nitric  ncid  is  decomposed,  no  hydrogen  appeal's 
at  the  negative  elect  code,  because  il  is  o.xid:,/cd  ;il.  the  expense  of  I  he  acid, 
which  is  reduced  to  nitrous  acid  gas.  When  potassium  sulphate,  SO,,Ks, 
is  electrolyzed,  hydrogen  appeal's  sil  Ihe  negative  electrode,  together  with 
an  equivalent  quaintly  of  potassium  hydrate  OKI!',  because  the  potassium 
which  is  evolved  ill.  the  electrode  Linniediaicly  decomposes,  the  water  there 
present.  At  the  same  lime,  iho  sulphione,  SO,,,  which  is  transferred  to  the 
positive  electrode,  takes  hydrogen  i'ri.un  Hie  water  there  present,  forming 
sulphuric  acid,  SO,!!,,  and  liberal  ing  oxygen.  In  like  manner  hydrogen 
sulphate,  or  sulphuric  acid  itself,  is  revived  l,y  the  current  into  hydrogen 
and  sulphione,  which  hittev  decomposes  Ihe  water  at.  ihe  positive  electrode, 
reproducing  hydrogen  sulphide,  ami  liberating  invgfii.  Just  as  if  the  water 
itself  were  directly  decomposed  !iy  the  cm-vein  io.ui  hydrogen  and  oxygen. 
A  similar  action  take!-  place  in  the  electrolytic  decomposition  of  any  other 
oxygen-salt  of  sin  alkali  melal,  or  alkaline  e :i it h -metal,  alkali  and  hydrogen 
gas  making  their  appearance  at  the  m'c.a'ive  electrode,  acid  and  oxygen 
gas  at.  the  positive  electrode.  This  obscr\  ation  explains  a  circumstance 
which  much  perplexed  ihe  earlier  experimenters  upon  the  chet 
of  the  voltaic  bat  Levy,  in  all  oxperiitsents  in  which  water  was  d 
both  acid  and  alkali  were  liberated  at  the  electrodes,  even  though  distilled 
water  was  employed;  and  hence  it  was  believed  tin'  some  time  that  the 
voltaic  current  had  some  my; tenons  power  of  general  ing  acid  and  alkaline 
matter.  The  true  source  of  these  compounds  was,  however,  traced  by 
Davy,*  who  showed  that  they  proceeded  I'vorn  imperil  ios  either  in  the  water 
itself,  or  in  the  vessels  which  contained  it.  or  in  the  .surrounding  atmos- 
phere. Having  proved  I  hat  ordinary  distilled  water  always  coiMa-ins  traces 
of  saline  matter,  he  redistilled  it  al  a  ten  i  nee  at  lire  below  the  iioilitig7point, 
in  order  to  avoid  all  risk  of  carrying  over  sails  by  splashing.  He  then 
found  that  when  marble  oivps  were  used  to  contain  the  water  used  for  de- 
composition, hydrochloric  acid  appeared  at  the  positive  electrode,  soda  at 
the  negative,  both  being  derived  from  sodium-chloride  present  in  the  mar- 
ble; when  agate  cups  were  used,  he  obtained  silica.:  and  when  he  used 
gold  vessels,  he  ohtained  nitric  acid  and  ammonia,  which  he  traced  to  at- 
mospheric air.  U v  operating  in  a  vacuum,  indeed,  the  quantity  of  acid 
and  alkali  was  reduced  lo  a  minimum,  but.  the  decomposition  was  almost 
arrested,  although  ho  operated  with  a  battery  of  fifty  pairs  of  4-inch 
plates.  Hence  it  is  manifest  that  iia-i-r  itself  is  not  cm  electrolyte,  but  that  it 
is  enabled  to  convey  the  current  if  it.  cunt  a  ins  only  I  races  of  saline  matter,  f 
If  a  number  of  different  eleci  rolylos,  such  as  dilute  sulphuric  acid,  cupric 
Sulphate,  potassium  toaidc,  fused  lead  chloride,  &c,  be  arranged  in  a  series, 
and  the  same  current  be  made  to  traverse  the  whole,  alt  will  suffer  decom- 
position at  the  same  time,  but  by  no  means  to  the  same  amount.  If  arrange- 
ments be  made  by  which  the  quani  iiics  of  the  eliminated  elements  can  be 
accurately  ascertained,  it  will  be  found,  when  (he  decomposition  has  pro- 
ceeded to  some  extent,  that  these  hitter  have  been  disengaged  exactly  in  the 
ratio  of  their  chemical  equivalents.  The  same  current  which  decomposes  9 
parts  of  water  will  separate  into  their  elements  166  parts  of  potassium 
iodide,  139  parts  of  lead  chloride,  ki.  Hence  Iho  very  important  conclusion  : 
The  action  of  the  current  is  perfectly  definite  in  its  nature,  predating  a  fixed  and 
constant  amount  of  decoisiiosllioii,  expressed  in  rack  electrolyte,  by  the  value  of  its 
oil  ,.■:■'<■.<.■'  equivalent. 

'  Philosophical  TrsmsjiBtioiis,  1SOT.  f  Miller's  Chemical  Physics,  p.  iSt. 
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i,..,,;..,!   series   of  cNpevimouts,  based  ou   this  and   oilier 


methods  of  research.  Faraday  was  uiiabli.nl  lo  draw  the  funeral  inference 
that  effects  of  eltcniicd  deontu'iosiiion  are  always  proportionate  to  (lie 
quantity  of  circulating  electricity,  inul  may  be  iakcii  as  an  accurate  and 
trustworthy  measure  of  the  latter.  Guided  by  this  highly  important  prin- 
ciple, he  constructed  his  '■'."','■■.■■'■,''.'.'■,  mi  it:s:ruiueni  whioii  has.  rendered  the 
greatest  service  lo  electrical  science.  This  [a 
merely  an  arrangement  by  which  dilute  sulphuric  -Fiji.  143, 

acid    is    decomposed    by    Ihe  current,    the    gas 
evolved  being  collected  ami  measured.    Uy  placing  II  \ 

such   mi   instrument   In  any  part,  of  the  circuit,  Jl  A 

the  quantity  of  electric  force  necessary  lo   pro-  Jr#  \ 

uuce  any  given  olTeci  can  he  at.  once  estimated  ;         Mi'.'la  \ 

or,  on  the   other  hand,  any  required  ainoiiut  of         |  'pw  \ 

the  latter  can  be,  as  it.  were,  measured   out  and         |     |fl|  \ 

adjusted  to  the  object  in  view.     The  voltameter        i        :  \ 

has  received  many  different  forms:   one  of  the  j     !  \ 

most  extensively  useful  is  t.hat  shown  in  fig-  143,         I     I  I  \ 

in  which  the  platinum  pi  riles  arc  si.-parirlcd  by  a  vQj{  \ 

very  small  interval,  and  ihe  pis  is  collected  in  a       -S®,  *=* 

graduated  jar  standing  on  ihe  shelf  of  tiiepnou-      ^>J^ 
.malic  trough,  the  tube  of  the  instrument,  which 

is  filled  to  the  neck  with  dilute  sulphuric  acid,  being  passed  beneath  the  jar. 
The  decompositions  produced  by  the  voltaic  battery  can  be  effected  by 
the  electricity  of  the  common  machine,  by  (hat  developed  by  magnetic 
action,  and  by  that  of  animal  origin,  but  10  an  extent,  incomparably  more 
minute.  This  arises  from  Ihe  very  small  y™«,V<.,  of  electricity  set  in  motion 
by  the  machine,  although  ils  lanziim  —  that  is,  power  of  overcoming  obsta- 
cles, and  passing  thro-.igh  imperfect  conductors  —  is  exceedingly  great.  A 
pair  of  small  wires  of  zinc  and  platinum,  dipping  into  a  single  drop  of 
dilute  acid,  develop  far  mure  elect  ricily,  (o  judge  from  the  chemical  effects 
of  such  an  arrangement,  than  very  many  turns  ..if  a.  large  plate  electrical 
machine  in  powerful  action.  Nevertheless,  po'ar  or  electrolytic  decompo- 
sition can  be  distinctly  and  Saiisfaciocily  effected  by  the  latter,  although 

With  a  knowledge  of  the  principles  laid  dow-n.  the  study  of  the  voltaic 
battery  may  be  resumed  and  completed.  In  the  first  place,  two  very 
different  views  have  been  held  concerning  i In;  source  of  the  electrical  dis- 
turbance in  that  apparatus.  Yolta  himself  ascribed  it  to  mere  contact  of 
dissimilar  metals  or  othe.r  substances  comb.ioring  el  eel  rioiiy, — ■  to  what  was 
denominated  an  electro-motive  force,  called  into  being  by  such  contact. 
Proof  was  suppose!  1  to  be  given  of  this  fundamental  proposition  by  an  ex- 
periment in  which  discs  of  sine  and  copper  attached  to  insulating  handles, 
after  being  brought-  into  close  com  net.  were  found,  by  the  aid  of  a  very 
delicate  gold-leaf  elect  m scope,  to  In'  in  nppospo  e'.eoirieal  states.  It  appears, 
however,  that  the  more  enreftdiy  this  es  per  intent  is  made,  the  smaller  is  the 
effect  observed  ;  and  hence  it  is  jndi'vd  highly  prohibits  that  the  whole  may 
be  due  to  accidental  causes,  against  which  ii  is  almost  impossible  to  guard. 

On  the  other  hand,  the  observation  was  soon  made  II ml  the  power  of  t.ho 
battery  always  bears  some  bind  of  proportion  I(>  the  chemical  action  upon 
the  line;  that,  for  instance,  when  pure  water  is  use' I,  the  effect  is  extremely 
feeble;  with  a  solution  of  sail,  it  becomes  much  greater;  and,  lastly,  with 
dilute  acid,  greatest  of  all ;  so  that  seme  relation  evidently  exists  between 
the  ehomieal  effect,  upon  the  metal  and  lite  evolution  of  electrical  force. 

The  experiments  of  Faraday  and  Ibmicll  have  given  very  great  support 
to  the  chemical  theory,  by  shewing  timi.  tiie  contact-  of  dissimilar  metals  is 
no!  necessary  in  order  lo  call  into    being  powerful    electrical  C 
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Hint  ilio  development  of  electrical  force  is  not.  osilv  In  some  way  connected 
with  the  chemical  action  of  (he  liquid  of  the  bull  cry,  lmt.  that  it  is  always 
in  direct  propovl ion  to  the  latter.  One  very  beautiful,  experiment,  in  which 
electrolytic  decomposition  of  potassium  iodide  is  performed  by  a  current 
generated  without.  any  contact  of  dissimilar  metals,  can  lie  thus  mado :  A 
plate  of  zinc  is  bent  at  a  ri^ii'  angle,  ur.d  cleaned  by  rubbing  with  sand- 
paper. A  plate  of  platinum  has  a  wire  (if  the  same  metal  attached  to  it  by 
careful  riveting,  and  the  latter  l.onl  into  an  arch.  Apiece  of  folded  filter- 
paper  is  wetted  with  solution  of  potassium  iodide,  and  placed  upon  the 
line;  the  platinum  plate  is  arranged  opposite  to  (ho  I:; II or,  with  the  end  of 
lis  wire  resting  upon  too  paper;  and  then  the  pair  is  plunged  into  a  glass 
of  dilute  sulphuric,  mixed  with  a  few  drops  of  nitric  acid.  A  brown  spot 
of  iodine  becomes  in  a  moment  evident  beneath  the  cx- 
Flg.  144.  trend ty  of  the  platinum  wire  —  that  is,  at  the  positive  side 
^_^  of  the  arrangement, 

A  strong  argument  in  favor  of  the  chemical  view  is 
founded  on  the  easily  proved  fact,  that  the  direction  of  the 
current  is  determined  by  the  kind  of  net  ion  upon  the  metals, 
the  one  least,  atiackod  being  always,  positive.  Let  two 
polished  plates,  the  one  iron  and  the  other  copper,  he  con- 
nected by  wires  with  ti  jralvanoiiioler,  and  then  immersed  in 
a  solution  of  at)  alkaline  sulphide.  The  needle  in  a  moment 
indicates  a  powerful  current,  passing  from  the  copper. 
through  the  !ii.]tiid  to  the  iron,  and  back  again  through  the 
wire.  Let  the  p:  tiles  be  now  removed,  cleaned,  and  plunged 
into  dilute  acid;  the  needle  is  a.guin  driven  round,  but  in 
the'  opposite,  direction,  Ihe  current  now  passing  from  the 
iron  through  the  liquid  lo  the  copper.  In  the  first  instance,  the  copper  is 
acted  upon,  and  not  the  iron ;  in  the  second,  these  conditions  are  reversed, 
and  with  them  the  direction  of  the  current. 

The  metals  employed  in  the  practical  construction  of  voltaic  batteries 
arc  zinc  for  the  active  mebil,  and  copper,  silver,  or,  still  heller,  platinum, 
for  the  inactive  one;  the  greater  the  difference  of  o.\  id  ability,  the  beller 
the  arrangement.  The  liquid  is  either  dilute  sulphuric  acid,  sometimes 
mitted  with  a  little  nitric,  or  occasionally,  where  very  slow  and  long-con- 
tinued action  is  wanted,  salt  and  water.  To  obtain  Ihe  maximum  effect  of 
the  apparatus  with  the  least  expenditure  of  line,  that  metal  must  be  em- 
ployed in  a  pure  state,  or  its  surface  must  be  covered  by  an  amalgam, 
which  in  its  cloelriea!  relations  closely  resembles  the  pure  metal.  The  zinc 
is  easily  brought  into  this  condition  by  welting  ii  with  dilute  sulphuric  acid, 
and  then  rubbing  a  little  mercury  over  it,  by  means  of  a  pieco  of  rag  tied 
to  a  stick. 

The  principle  of  the  compound  battery  is,  perhaps,  best,  seen  in  the  crown 
of  cups:  by  each  alternation  of  zinc,  fluid,  and  copper,  the  current  is  urged 
forward  with  increased  energy  ;  its  intensity  is  aug-iienled,  but  Ihe  actual 
amount  of  electrical  force  thrown  into  Ihe  current  form  is  not  increased. 
The  quantity,  estimated  by  its  decomposing  power,  is,  in  fact,  determined 
by  that  of  the  smallest  and  least  active  pair  of  plitt.es,  the  quantity  of 
electricity  in  every  part  or  section  of  the  circuit  being  exactly  equal.  Hence 
large  and  small  plates,  batteries  strongly  ami  weaiily  charged,  can  never  be 
co  no  eel  ed  without  groat  loss  of  power. 

When  a  battery,  either  simple  or  ouiiponiid,  const  me  tod  with  pure  of 
with  amalgamated  zinu,  is  charged  with  dilute  sulphuric  acid,  a  number  of 
highly  interesting  phenomena  may  be  observed,  While  the  circuit  remains 
broken,  the  zinc  is  perfectly  inactive,  no  acid  is  decomposed,  no  hydrogen 
liberated;  but.  the  moment  she,  cornice: ion  b  completed,  torrents  of  hydrogen 
arise,  not  from  the  'iinc,  hut  from  the  copper  or  platinum  surfaces  alone, 
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while  the  iinc  tmden:oes  :mi:ij  ill  and  rT^pero^pi  ible  o\  idalion  and  solution. 
Thus,  exactly  the  same  ell'oots  are  seen  to  occur  in  every  active  cell  of  a 
closed  circuit,  thai  art'  witnessed  hi  a  portion  of  sulphuric  acid  undergoing 
electrolysis:  oxygen  appears  a!  Ihe  positive  side,  villi  respect  to  the  current, 
and  hydrogen  at  I  lie  negative  :  but  wit.li  (his  difference :  i  hat  the  oxygen, 
instead  of  iii'ii-.;.;  set  free,  or.mibino*  with  the  zinc.  It-  is,  in  fact,  a  real  case 
of  electrolysis,  and  electrolytes  alone  are  available  as  exciting  liquids. 

Common  nine  is  very  readily  attacked  and  dissolved  hy  dilute  sulphuric 
acid;  and  this  is  usually  supposed  '.o  arise  from  i  lie  formation  of  a  multitude 
of  "little  voltaic  circles,  hy  (lie  aid  of  parlioics  of  foreign  metals  or  graphite, 
partially  imbedded  in  the  nine.  Tliis  gives  rise  in  the  battery  to  what  ia 
called  local  action,  by  which,  in  the  common  forms  of  apparatus,  three 
fourths  or  more  of  the  metal  are  often  consumed,  without  contributing  in 
the  least  to  tlie  general  oil'oel.,  but,  on  the  contrary,  injuring  it  to  sonic  ex- 
tent.     This  evil  is  got  nil  of  by  a.tuaigamatin^;  the  surface. 

From  experiments  very  carefully  made  with  a  "dissected"  battery  of 
peculiar  construction,  in  which  local  action  was  completely  avoided,  it  has 
been  distinctly  proved  that  the  quantity  of  electricity  set  in  motion  by  the 
battery  varies  exactly  with  the  ihio  dissolved.  I  'ouplinjj  this  fact  with  that 
of  the  definite  action  of  the  current,  it.  will  be  seen  that,  when  a  perfect 
battery  of  this  kind  is  employed  to  decompose  hvlrochlovic  acid,  in  ordtr 
to  evolve  1  grain  of  hydrogen  from  Ihe  latter,  ',Vl-'i  grains  of  line  must  he 
dissolved  as  chloride,  and  its  equivalent  quantity  of  hydrogen  disengaged 
in  eaoh  active  cell  of  the  battery  —  tiia.l.  is  to  say.  that,  the  electrical  force 
generated  by  the  solution  of  an  equivalent  of  zinc  >'«  the  battery  is  capable 
of  effecting  the  decomposition  of  an  equivalent  of  hydrochloric  acid  or  any 
other  electrolyte  out  of  it. 

This  is  an  exceedingly  important  discovery:  it  serves  to  show,  in  the 
most  striking  manner,  the  intimate  nature  of  the  connection  between  chem- 
ical and  electrical  forces,  and  their  remnrbihlc  r.tia-ilitaiive  or  equivalent 
relations.  It  almost-  seems,  io  use  an  o>  pression  of  Faraday,  as  if  a  trans- 
fer of  chemical  force  took  plai'o  tnvougn  the  sul^t  an  ceo  f  .•■olid  metallic  conduct- 
ors; that  chemical  actions,-  called  into  play  in  cue  portion  of  the  circuit, 
could  be  made  at  pleasure  to  exhibit  their  effects  w  itiiout.  loss  or  diminution 
in  any  other. 

There  is  an-  hypothesis,  not.  of  recent  dale.  Urns*  countenanced  and  sup- 
ported by  the  illustrious  l'.er/elius,  which  riders  all  chemical  phenomena  to 
electrical  forces —  which  supp  users  that  bodies  emu  bine  because  they  are  in 
opposite  electrical  stales  ;  even  Ihe  heat  atn.i  Ugh!,  accompanying  chemical 
union  may  be,  to  a  certain  exit-oil,  acooouiod  for  in  litis  manner.  In  short, 
wo  are  in  such  a  position,  that-  either  ina.y  be  assumed  as  cause  or  effeet: 
it  may  be  that  electricity  is  merely  a  fbem  or  modi  li  cut  ion  of  ordinary  chem- 
ical affinity ;  or,  on  tiie  oilier  hand,  that  all  chemical  action  is  a  manifesta- 
tion of  electrical  force. 

This  electro-chemical  theory  is  no  longer  received  as  a  true  explanation 
of  chemical  phenomena  to  the  full  exlenl  intended  by  ils  author.  Berielius, 
indeed,  supposed  that  the  combining  tendencies  of  elements,  and  their  func- 
tions in  compounds,  depend  altogether  on  their  electric  polarity;  and  ac- 
cordingly he  divided  the  el  em  ions  into  two  classes,  the  rl.i-r.lra-positwe,  which, 
like  hydrogen  and  the  metals,  move  towards  the  negative  pole  of  the  "bat- 
tery, as  if  they  were  attracted  by  it,  and  the  da-tre-negative,  which,  like 
oxygen,  chlorine,  ami  bromine,  move  towards  the  positive  pole.  We  are, 
however,  acquainted  with  a  host,  of  phenomena  which  show  that  the  chem- 
ical functions  of  an  element  depend  upon  its  position  with  regard  to  other 
elements  in  a  compound,  quite  as  much  us  upon  ils  individual  character. 
Thus  chlorine,  the  very  type  of  an  eleelrn-nogalrvo  element,  can  be  substi- 
tuted for  hydrogen,  one  of   the  most,  positive  of  the  elements,  in  a  large 


yf  Google 


252 


KIJ]iGTLiO-CHK"M;CAI.    IHICOM.POSITION  : 


number  of  compounds,  yielding  new  products,  which  exhibit  the  closest 
analogy  in  composition  :iii<i  properties  to  rim  compounds  ["rum  which  tbey 
are  derived.  It  is  impossible,  therefore,  to  admit  that  (.he  chemical  func- 
tions of  bodies  are  dcLortnincd  exclusively  by  their  electrical  relations. 
Still  it  is  true  in  u  general  way  Unit  those  elements  which  differ  most 
strongly  in  their  electrical  cha.raorcr-.  ohinrine  : i. ri : i  potassium,  for  example, 
are  likewise  those  which  combine  togolber  witii  tin:  greatest  energy;  and 
the  division  of  bodies  into  elect  ro-nosiiivc  ami  elcei  ro  negative  is  therefore 
retained;  the  former  are  also  called  o.sul  or  i-Jik-i-ons,  and  the  latter  hasylou) 

One  of  the  most  useful  farms  of  the  common  voltaic  battery  is  that  con- 
trived by  Dr.  Woliaston  (fig.  145).  The  copper  is  made  completely  to  en- 
circle the  zinc  plate,  except  sit  the  edges,  rbe  two  metal*  being  kept  apart 
by  pieces  of  cork  or  wood.  Each  zinc  is  soldered  to  the  preceding  copper, 
and  the  whole  screwed  lo  a  bar  of  dry  mahogany,  so  that  the  plates  can  bo 
lifted  into  or  out  of  the  acid,  which  is  contained  in  ;tn  earthenware  trough, 
of  a  mixture  of  100  parts 
ial  nitric  acid,  all  by  mcas- 
.octed  together  by  strapa 
n  with  great  ease. 


The  great'  objection  to  this  and  to  all  the  older  forms  of  the  voltaic  bat- 
tery is,  Tli jl;  the  power  rapidly  decreases,  so  that,  after  a.  short  time,  scarcely 
the  tenth  pari  af  the  original  aetiao  roadies.  This  loss  of  power  depends. 
partly  on  the  gradual  change  of  (he  sulphuric  acid  into  zinc  sulphate,  but 
still  more  on  the  coating  of  iiyhor.eti,  and.  at  a  later  sta.ge,  on  the  precipi- 
tation of  metallic  zinc  on  the  copper  plates.  It  is  self-evident  that  if  the 
copper  plate  in  the  liquid  became  covered  with  /inc.  it.  would  act  electrically 
like  a  zinc  plate.  This  is  precisely  the  action  of  Ihe  hydrogen,  whereby  a 
decrease  of  electrical  power  is  produced.  This  effect,  produced  by  the  sub- 
stances separated  from  the  liquid,  is  commonly  called  polarization. 

An  apparatus  of  immense  value  fur  purpose1;  of  elect  fo-cbemieal  research, 
in  which  it  is  desired  to  maintain  powerful  and  equable  currents  for  many 
successive  hours,  has  been  contrived  by  I'ru lessor  lla'ticll  (fig.  14ti).  Each 
cell  of  this  "constant"  battery  consists  of  a.  copper  cylinder  3£  inches  in 
diameter,  and  of  a  height  varying  from  6  to  1*  inches.  The  zine  is  em- 
ployed in  the  form  of  a  rod  '■!  of  an  inch  in  diameter,  carefully  amalga- 
mated, and  suspended  in  the  centre  of'the  cylinder.    A  second  cell  of  porous 
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earthenware  or  animal  membrane  intervenes  between  the  7.iue  and  tin 
par:  this  is  filled  with  a  mixture  of   i  purl  by  im^isiivii  oi'  oil  of  vitric 
8  of  water,  and  the  exterior  space  wii.li  the  -aine  liquid, 
saturated  with  copper  sulphate.      A  sort   of  little  colon-  *' 

der  is  fitted  to  the  top  of  the  eoll,  in  which  crystals  of 
the  copper  sulphate  are  placed,  so  that,  the  strength  of 
the  solution  may  remain  unimpaired.  When  commune- 
cation  is  made  by  a  wire  between  the  rod  and  the  cylin- 
der, a  powerful  current  is  produced,  the  power  of  which 
nuiy  he  increased  to  any  extent  by  connecting  a  suffioieut 
Tiumber  of  such  cells  into  a  series,  on  the  principle  of  the 
crown  of  cups,  the  copper  of  the  first,  being  attached  to  \t\ 
the  sine  of  the  second.  Ten  such  atiei'nurlous  eoustii  me  '''' 
&  very  powerful  apparatus,  which  has  the  groat  advan- 
tage of  retaining  its  energy  undirjilnislicd  t'or  along  lime. 
By  this  arrangement  of  I  ho  vol  laic  but!  cry.  I  he  polar- 
iiiii  ion  of  the  oijip.'L-  plate  is  altogether  avoided  ;  the  line 
in  1  ho  porous  cell,  whilst  it.  db'solve.s  in  (In;  sulpiiui-io  acid, 
decomposes  it.  iint  does  not  lihorale  any  hydrogen;  for 
by  the  progress  of  the  decomposition  (see  p.  i>4ij)  up  to 
the  boundary  of  the  copper  solution,  the  hydrogen  takes 
the  place  of  llie  copper,  and  thus  ultimately  the  copper 
is  precipitated  on  the  copper  plate.  The  copper  pi  ale 
therefore  remains  in  its  original  state,  so  long 
copper  sulphate  is  present  in  the  solution. 

By  increasing  the  generative  and  reducing  the  antagonizing  chemical 
affinities,  Mr,  Grove  siiee.ocuod  in  forming  the.  eon-taut  nitric  acid  battery 
which  hears  his  name.  This  instrument  is  capable  of  producing  a  far 
greater  degree  of  power  than  the  [mi! cry  previously  mentioned,  and  hence 
it  has  become  one  of  the  most  important  means  of  promoting  electrical 
science  in  the  present  day.  The  zinc  dips  into  dilute  sulphuric  acid ;  and 
instead  of  a  solution  of  copper,  eonemitrate.il  nitric  arid  is  used,  which 
surrounds  a  platinum  plate.  It  is  evident.  I  hat  I  lie  electrolytic  action  which 
begins  at.  the  sine  passes  through  the  sulphuric  acid,  and 
similar  way  through  the  contiguous  nitric  acid.  Hydrogen 
liberated  on  the  platinum  plate.  This  action  is  not  rer 
the  evolution  of  gas.  but-  ooiy  gradually  hy  the  change 
of  color  in  the  nitric  acid:  for  the  hydrogen  liberated 
by  the  electrical  action  forms  water  at  the  expense  of 
1  lis  oxygen  yielded  by  the  nitric  acid  ;  and  by  this  menus, 
so  long  as  sufficient  nitric  acid  is  present.,  the  purity  of 
the  surface  of  the  platinum  plate  is  maintained. 

One  of  llie.  cells  in  this  baiicry  is  represented  in  sec- 
tion in  fig.  147.  The  zinc  plate  is  bent  round,  so  as  to 
present  a  double  .surface,  and  well  amalgamated  :  within 
it  stands  a  thin  flat  cell  of  porous  earthenware,  filled 
with  strong  nitric  acid,  and  the  whole  is  immersed  in  a 
mixture  of  1  pari,  by  measure  of  oil  of  vitriol  and  fi  of 
water,  contained  either  in  one  of  I  he  cells  of  Wo'.las Ion's 
trough,  or  in  a  separate  cell  of  gla/e.d  porcelain,  made 
for  the  purpose.  The  apparatus  is  completed  by  a  plate 
of  platinum  foil,  which  dips  into  the  nitric  acid,  and 
fnems  the  positive  side  of  the  arrangement.  With  leu  such  pairs,  experi- 
ments of  decomposition,  ignition  of  wives,  the  light  between  charcoal 
points,  So.,  can  he  exhibited  with  great  brilliancy,  while  the  battery  itself 
■  -■■mpact  and  portable,  atiil.  to  a  great  extent,  ' 
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current  passes,  .so  Thai  the  apparatus  may  be  arranged  an  hour  or  two 
before  it  is  require"!  for  use,  which  is  often  a  iiiiiitcr  of  great  convenience; 
and  local  action  from  the  precipiiatiou  of  couper  on  (lie  zinc  is  avoided. 

Professor  Bunsen  has  inodilicu  the  {.ii-ijvi;  baitery  by  substituting  for  the 
platinum  dense  charcoal  or  coke,  whicli  is  slii  excellent  conductor  of  elec- 
tricity. By  this  alteration,  at  a  very  small  expense,  a  battery  may  be 
made  nearly  as  powerful  and  useful  as  that  of  drove.  On  account  of  its 
cheapness,  any  one  may  put  Together  one  hundred  or  more  of  Bunsen's 
cells,  by  which  the  most  maa'niliccni  plicr.omcna  of  heat  and  light  may  be 
obtained. 

The  accompany  hi1:  [i-iairo  shows  the  form  of  the  round 
Fig. Its.  carbon  cylinder,  which  is  used  in  these  celts.     It  is  hol- 

lowed so  as  to  receive  a  porous  earthenware  cell,  in 
whieh  a-  round  plate  of  zinc  is  placed.  The  upper  edge 
of  the  cylinder  of  carbon  is  well  saturated  with  was, 
and  is  surrounded  by  a.  copper  riii"-,  by  means  of  whieh 
it  may  be  pur.  in  connection  with  Ihe  i.iuc  of  the  adjoin- 
ing pair. 

Jlueseti's  carbon  cylinder  is  likewise  wcH  adapted   for 
the  use  of  dilute  sulphuric  acid  alone,  without  the  addi- 
tion of  nitric  aeid.     It  is,  however,  boiler  i-o  saturate  the 
dilute  sulphuric-  aeid  with  uolassium  bichromate.    When 
this  mixture  contains  at.,  least  double  the  amount  of  sub- 
r  to  decompose  the  chroma!.;,  a  battery  thus 
rpasses  in  power  me  nilrie  aeid  batle-y,  but  does  not  furnish 
f  the  same  constancy. 
Mr.  Smee  has  contrived   an   ingenious  baiicry,  in  wliiolv  silver,  covered 
with  a  thin  coaling  of  finely  divided  metallic  ji ::/ 1 i jiijjjj,  is  employed  in  as- 
sociation with  amaUamalod  zinc  and  dilute  sulphuric  acid.      The  rough  sur- 
face appears  to  permit  the  ready  uisenciiteymeui  of  i  he  bubbles  of  hydrogen. 
Within  the  last  twculy-iive  years,  several  very  beautiful  and  successful 
applications  of  voltaic  electricity  have  been  made,  which  may  he  slightly 
mentioned.      Mr.  Spencer  and  Professor  Ja.r.ooi  have  employed  it  in  copy- 
ing, or  rather  in  multiply'!  op;,  engraved  plates  and  medals,  by  depositing 
upon  their  surfaces  a  i  hin  con  in;;  id'  metallic  copper,  which,  when  sepa- 
rated from  the  original,  exhibits,  in  reverse,  a  mosi  faiihful  representation 
of  the  latter.      By  using  this  in  its  In  fit  as  a  mould  or  matrix,  an  absolutely 
perfect _/i«-«»uY 5  of  the  plate   or  medal  is  obtained.      In  the  former  case, 
the  impressions  taken  on    paper   arc    quite    undistinguishable    from  those 
directly  derived  from  I  lie  work  of  the  arl  if  I  ;   and  as  There   is   no  limit  to 
the  number  of  diffmlyp:  plains  "which    can    In:    Ihus  produced,  engravings 
of  the  most   beautiful    description  may  be  multiplied   inoeii- 
Mg.149.         nitely.   The  copper  is  very  tough,  and  iicars  the  action  of  the 
press  perfectly  well. 

The  apparatus  used  in  thin  and  many  similar  processes  is 
Of  the  simplest  possible  kind.  A  trough  or  eell  of  wood  is 
divided  by  a  porous  diaphragm,  made  of  a  very  thin  piece 
of  sycamore,  into  two  pails:  dilute  sulphuric  acid  is  put  on 
one  side,  and  a  satoralod  solution  of  copper  sulphate,  some- 
times mixed  with  n  little  aeid,  on  the  other.  A  piate  of  zinc 
is  soldered  to  a  wire  or  strip  of  copper,  the  other  end  of 
which  is  secured  by  similar  means  to  the  engraved  copper 
plate.  The  latter  is  men  immersed  in  the  solution  of  sulphate, 
and  the  zinc  in  the  acid.  To  prevent  deposition  of  copper  on 
the  back  of  the  copper  plate,  that  portion  is  covered  with 
varnish.  For  medals."  ami  small  works,  a  porous  earthenware 
(sell,  placed  in  a  jelly-jar,  may  bu  used. 
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Other  metals  may  be  prct'lpitsit c>-:l  in  the  same  maimer,  in  a  smooth  and 
compact  form,  by  the  uses  oi"  certain  precautions  which  have  been  gath- 
ered by  experience.  Kloct.ro-gililing  and  plsn.ii]!;  are  now  carried  on  very 
largely  and  in  great  perfection  by  Jl.es.-rsc  fllkington  mid  others.  Even 
noil- conducting  bodies,  ris  selling-was;  and  plaster  of  l'aris,  may  be  coated 
■with  metal;  it  is  only  necessary,  as  Mr.  Robert  Murrsiy  has  shown,  to  rub 
over  thorn  the  thinnest  possible  film  of  nlumbngo.      Seals  may  thus  be  copied 

Becquerel,  several  yean-   ago,  published  an   exceedingly  interesting  ac- 


f  ilie 


indeed,  the   ex- 
tter  within  the 


The  common  but  very  pausing  experiment  of  the  lead-tree  is  greatly 
dependent  on  electro-chemical  ucliou.  When  a  piece  of  sine  is  suspended 
in  a  solution  of  lead  needle,  the  first  effect  is,  the  decomposition  of  a  por- 
tion of  the  latter,  and  the  deposition  of  uieial'iie  lead  upon  tlie  surface,  of 
the  zinc;  it  is  simply  a  displaeemesit.  of  a  metal  by  si  more  oxidable  one. 
The  change,  does  not,  however,  si  op  here :  metallic  lead  is  still  deposited 
in  large  and  beautiful  piar.es  upon  rliat.  first  thrown  down,  until  the  solution 
becomes  exhausted,  or  the  zinc  entirely  disappears.  Tlie  first  portions  of 
lead  form  with  the  zinc  a  voltaic  arrruLgcnieut.  of  sufficient 
power  to  decompose   the   sail:    under  the   peculiar  ciroum-  FiffASO. 

stances  in  which  the  latter  is  placed,  ilie  metal  is  precipi- 
tated upon  the  negative  portion  --Unit  is,  the  lead  — while 
the  oxygen  and  acid  are  isiken  up  by  the  zinc. 

Mr.  Grove  lias  eonrrived  a  bo.r.t.ery  in  which  tin  electrical 
current,  of  sufficient,  intensity  lo  decompose  dilute  sulphuric 
acid,  is  produced  by  Hie  read  ion  of  osiygon  a  pun  hydrogen. 
Each  elemiHt  of  this  interesting  upmirutns  consists  of  it  pair 
of  glass  tubes  to  contain  the  gases  dipping  into  a  vessel  of 
acidulated  water.  Both  tubes  contain  platinum  plates, 
covered  with,  a  rough  deposit  of  iineiy  divided  platinum, 
and  ["urnisb.ed  with  eotiduclilig  wires,  which  pass  through 
the  tops  or  sides  of  the  tubes,  and  are  hermetically  scaled 
into  the  latter.  When  the  tubes  sire  charged  with  oxygen 
on  the  one  side  and  hydrogen  on  the  other,  and  the  wires  connected  with  a 
galvanoscopc,  the  needle  of  the  insfi  nmeiil  becomes  instantly  affected;  and 
when  ten  or  more  sire  combined  in  a  series,  the  oxygen-tube  of  the  one 
with  the  hydrogen -tube  of  the  next,  &c,  while  i  he  terminal  wires  dip  into 
acidulated  water,  a  rapid  stream  of  minute  bubbles  from  either  wire  in- 
dicates the  dacompo^!:ion  of  the  liquid  ;  and  when  the  experiment  is  made 
with  a  small  voltameter,  ir  is  found  that  the  oxygen  and  hydrogen  disen- 
gaged exactly  equal  in  a.momi!  Ilie  quani  dies  absorbed  by  the  act  of  com- 
biuation  in  each  tube  of  the  battery. 

Jfi.al  dcvlopa:!  hy  i/m  Ei'xirii:  Cirri-ni.  —  All  parts  of  Ihc  electric  circuit, 
the  plates,  the  liquid  in  lite  cells  of  the.  buttery,  i  lie  conducting  wdros,  and 
any  electrolytes  undergoing  decomposition,  all  become  heated  during  the 
passage  of  the  current.  Tlie  vise  of  f enteral  ore  in  any  part  of  the  circuit 
depends  partly  on  the  strength  of  the  current,  partly  on  its  resistance, 
those  bodies  which  offer  the  greatest  resisisincc.  or  arc  the  worst  conduct- 
ors, being  most  strongly  heated   by  a  current    of  given   strength.      Thus, 
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when  a  thick  and  a  thin  wire  of  the  same  inc.!  til  are  included  in  the  same 
circuit,  the  latter  becomes  most  strongly  heated,  and  a  platinum  wive  is 
much  more  strongly  heated  than  a  silver  or  copper  wire  of  the  same 
thickness. 

By  exact  experiments  ic.  hus  been  found  (li.it  Will  in  metallic  wires  and 
in  liquids  traversed  by  an  electric  curreni,  the  evolution  of  heat  is  directly 
proportional:  1st,  tn  the  rexistanec ;  'id,  to  the  strength  of  the.  current.  Joule 
has*  also  shown  that  the  evolution  of  Lent  in  each  couple  of  the  voltaic 
battory  is  subject  to  the  same  lnw,  which.  Ihei'efore,  holds  good  in  every 
part  of  the  circuit.,  including  llie  battery. 

The  strength  of  an  electric  current,  is  measured  by  the  quantity  of  de- 
tonating gas  (2  vol.  H.  to  1  vol.  0.)  which  it  can  evolve  from  acidulated 
water  in  a  given  time,  and  the  ititi!-  of  current  striiiiith  is  the  current  which 
eliminates  one  cubic  centimetre  of  ddniiuiiitij  ■jo;,  it!  tp  (1.  ami  TfiUmm.  barometric 
pressure  in  a  minute.  Now  Lena  has  shown  that  when  a  current  of  the  unit  of 
strength  passes  through  a  wire  whose-  resistance,  is  equal  to  that,  of  a  copper 
wire  1  metre  long  and  1  millimetre  in  diameter,  it  develops  a  quantity  of 
heat  sufficient  to  raise  the  temperature  of  1  gram  of  water  from  0°  to  1  = 
C.  in  5}  minutes:  anil  assuming  as  the  unit  of  heat  the  quantity  required 
to  raise  the  temperature  of  1  gram  of  water  from  0°  to  1°  C,  the  law  may 
bo  thus  expressed: 

A  current  of  the  unit  of  .>'i-ni_'/-:/i  pifsin.y  throiiyli  «  eemiluetor  irhich  e.rirli  the 
unit  of  resistance,  dcve/jips  therein  1  -0'iT  heni-unils  in  an  hour,  or  0.07b'  heat- 
unit  in  a  minute. 

With  a  current  of  a  given  strength,  the.  sum  of  llie  quantities  of  heat 
evolved  in  the  battery  and  in  the  metallic  conductor  joining  its  poles,  is 
constant,  the  heat  actually  developed  in  the  one  pan  or  the  other  varying 
according  to  the  thickness  of  the  metallic  conductor.  This  was  first  shown 
by  De  la  Itive,  and  has  been  continued  by  i'avro.t  Do  la  Rive  made  use  of 
a  Couple  consisting  of  platinum  and  distilled  zinc  or  cadmium,  excited  by 
pure  and  very  strong  nil  rio  acid,  the  two  metals  being  united  by  a  platinum 
wire,  more  or  loss  thick,  which  was  plunged  into  the  same  quantity  of  strong 
nitric  acid  contained  in  a  capsule  similar  to  that  which  held  the  voltaic 
couple.  By  observing  the  temperatures  in  the  two  vessels  with  delicate 
thermometers,  the  sum  of  these  temperatures  was  found  to  be  constant,  the 
one  or  the  other  being  greater  accefdiua;  io  ;  lie  thickness  of  the  connecting 

Favre,J  by  means  of  a  calorimeter,  simibir  to  that  which  he  "used  in  his 
experiments  un  the  development  of  heat  by  chemical  action,  has  shown 
that  in  a  pair  of  zinc  and  platinum  pbn  cs.  excited  hy  dilute  sulphuric  acid 
and  connected  by  platinum  wires  of  various  length  ami  thickness,  for  every 
32-5  grams  of  line  dissolved,  a  i|iiunti(y  of  heat,  is  developed  in  the  entire 
circuit  equal  to  18, lo7  heat- units,  but.  variously  distributed  between  the 
battery-cell  and  the  wire,  according  to  Ihe  thickness  of  the  latter.  Now  this 
quantity  of  heat  is  nearly  Ihe  same  as  that  v.  hieh  is  evolved  in  the  simple 
solution  of  S'i-b  grams  of  /.inn  in  dilute  sulphuric  acid,  without  the  formation 
of  a  voltaic  circuit,  viz.  18. 41-1  units.  Hence  r'a.vi-e  concludes  that  the  heat 
developed  by  the  resistance  of  a  jnet.si.llic  or  other  conductor  connecting  the 
poles  of  the  battery  is  simply  borrowed  from  the  total  quantity  of  heat 
evolved  by  the  chemical  action  taking  pbieo  in  the  battery,  and  is  rigorously 
ootn piemen tary  to  thai  which  i-emains  in  the  cells  of  the  battery,  the  heat 
evolved  in  the  entire  circuit-  being  the  exact  equivalent,  of  the  chemical 
action  which  takes  place.      If  any  externa!  work  is  performed  by  the  cur- 
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rent,  such  aa  electrolysis,  uj'  mechanical  work,  ur  by  in  electro-magnetic 
engine,  the  heat.  evolved  in  the  circuit  is  diminished  by  the  heat-equivalent 
of  the  decomposition  or  mechanical  wort  done. 

CRYSTALLIZATION;  CRYSTALLINE  EORM. 

Almost  every  substance,  simple  or  compound,  capable  of  existing  in  tlie 
solid  state,  assumes,  under  favorable  circumstances,  n  distinct  geometrical 
form  or  figure,  usually  bounded  by  plane  surfaces,  ami  having  angles  of 
li.ced  and  constant,  value,  The  faculty  of  erystaiiiintion  seems  to  bo  denied 
Only  to  a  few  bodies,  chicltv  highly  complex  organic  jn-inoijjloa,  which  stand, 
sia  it  were,  upon  the  very  verge  of  organization,  an'.l  which,  whan,  in  the 
solid  state,  are  frequently  characterized  by  a  kind  of  beady  or  globular 
appearand',  well  known  lo  microscopical  observers. 

The  most  beautiful  example*  of  crystallization  are  to  be  found  among 
natural  minerals,  the  results  of  exceedingly  slow  changes  constantly  occur- 
ring within  the  earth.  It  is  invariably  found  that  art ilk rial  crystals  of  salts, 
antl  other  soluble  substances  which  have  been  slowly  and  quietly  deposited, 
surpass  i»  size  ami  regularity  tbo.se  of  more  rapid  formation. 

Solution  in  water  or  some  other  liquid  is  a  very  frequent  method  of 
effecting  crystallization.  .If  lite-  substance  be  more  soluble  at  a  high  than 
at  a  lo.v  temperature,  then  a  iiol  and  saturated  soituieu  left  t.o  cool  slowly 
will  generally  be  found  to  furnish  crystals;  this  is  a  very  common  case 
with  salts  and  various  organic  prima  phis.  If  it  be  equally  soluble,  or  nearly 
so,  at  all  temperatures,  then  slow  spontaneous  cvaneraiiou  in  the  air,  or 
over  a  surface  of  oil  of  vitriol,  often  proves  very  effective. 

Fusion  and  slow  cooling;  rnuy  be  employed  in  ■.■.any  eases  :  that  of  sulphur 
is  a  good  example :  the  metals,  when  tint*  treated,  usually-  afford  traces  of 
crystalline  figures,  whieh  sometime-  become  very  beautiful  and  distinct,  ua 
with  bismuth.  A  third  condition  under  whieh  crystals  very  often  form  is 
in  passing  from  the  gaseous  to  the  solid  state,  of  which  iodine  affords  a 
good  instance.  When  by  any  of  these  means  time  is  allowed  for  (he  sym- 
metrical arrangement,  of  the  particles  of  matter  at  the  moment  of  solidifi- 
cation, crystals  are  produced. 

That  crystals  owe  their  figure  to  a.  certain  regularity  of  internal  struct  tire 
is  shown  both  by  t.heir  mode  of  formation  ami  idso  by  the  peculiarities  at- 
tending their  fracture.  A  crystal  placed  in  n  slowly  evaporating  saturated 
solution  of  the  same  substance  grows  or  increases  by  it  continued  deposition 
of  fresh  matter  upon  lis  sides,  in  such  it  manner  that,  the  angles  formed  by 
the  meeting  of  the  latter  remain  unaltered. 

The  tendency  of  most  crystals  lo  split  in  particular  directions,  called  by 
mineralogists  cleavw/c,  is  it  certain  indication  of  regular  structure,  while 
the  envious  optica,!  properties  of  many  among;  them,  and  their  remarkable 
mode  of  expansion  by  heat,  point  to  the  same  conclusion. 

It  may  be  laid  down  us  a  general  rule  that  every  substance  has  its  own 
crystalline  form,  by  which  ii.  may  very  frequently  be  recognized  at  once — ■ 
not  that  each  substance  mis  a  different  lijr.ire.  although  very  great  diversity 
in  this  respect  is  to  be  found.  Some  forms  lire  much  more  common  than 
others,  as  the  cube  and  sis -sided  prism,  which  are  very  frequently  assumed 
by  a  number  of  bodies  not  in  any  way  related. 

The  same  substance  may  have,  under  different  sets  of  circumstances,  as 
high  and  low  tempera  I  nres,  I  wo  ditto  rem  crystalline  farms,  in  which  ease 
it  is  said  to  be  tlimiri>fi"u-s.  Sulphur  and  carbon  furnish,  as  already  noticed, 
examples  of  this  curious  fact;  another  esse  is  presented  by  calcium  car- 
bonate in  the  two  modifications  of  calc  spar  atnl  arragi utile,  both  chemically 
the  same,  but'  physically  different.  A  fourth  example  might  be  given  in 
mercuric  iodide,  which  also  has  two  distinct  forma,  and  evou  two  distinct 
Color?,  offering  its  great  a  contrast  as  ilio.se  of  diamond  and  graphite. 
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The  angles  of  crystals  rive  measured  by  means  of  instruments  called  joiii'o- 
meiers,  of  which  there  arc  two  kinds  in  use,  namely,  the  old  or  common 
liiiiiiijiui'itr,  and  ihe  i-elleeiing  goniometer  of  in-.  Wollaston. 

The  common  goniometer  ooiisisi.fi  of  a  pair  of  steel  blades  moving  with 
friction  upon  a  centre,  as  shown  in  fig.  151.     The  edges  a  a  are  carefully 


adjusted  to  the  faces  of  the  crystal   whose  inclination  to   each  other  it  is 

required  to  ascertain,  and  r'icii  the  instru mi  be  in  a  applied  to  the  divided 

semicircle,  the  contained  anple  is  at  mitre  vend  oil'  An  approximative 
measurement,  within  line  ov  two  dcpTeos,  e;m  be  easily  obtained  by  this 
instrument,  provided  (lie  planes  of  the  crystal  are  tolerably  perfect,  and 
large  enough  for  the  purpose.  Some  practice  is  of  course  required  before 
even  this  amount  of  accuracy  can  be  attained. 

The  reflecting  gonioinctor  is  a  very  superior  instrument,  its  indications 
being  correct  within  a  fraction  of  a  degree:  it  is  applicable  also  to  the 
measurement  of  the  angles  of  crj  sinls  of  very  small  si/.c.  the  only  condition 
required  being  that  their  planes  be  smooth  and  brilliant.  The  subjoined 
sketch  (tig.  152)  will  convey  an  idea  of  its  nature  and  mode  of  use. 


a  is  a  divided  circle  ov  disc  of  brass,  the  axis  of  which  passes  stiffly  and 
without  shake  through  the  supp.orl  i.  This  axis  is  itself  pierced  to  admit 
the  passage  of  a  round  rod  or  wire,  teiinin'Uud  by  tiic  tuilled-edged  bend  c, 
and  destined  to  carry  the  crystal  to  be  ir  ensured,  by  means  of  the  jointed 
arm  d.     The  crystal  at  /  can  thus  be   turned   round,   ov  adjusted  in  any 


yf  Google 


CRYSTALLINE    FOKM.  259 

desired  position,  without  Ihc  nee e.-^ity  of  moving  the  disc.  A  vernier,  e, 
immovably  fixed  to  the  upright  support,  serves  to  measure  with  great  ac- 
curacy the  angular  motion  of  the  divided  circle. 

The  principle  upon  which  the  measurement  of  the  angla  rests  is  very 
simple.  If  the  two  adjacent-  planes  of  it  crystal  be  successively  brought 
into  the  same  position,  the  single  through  which  tin;  crystal  will  have  moved 
will  bo  llii  siipplfinciil  In  //in;  rumi/im-il  /n-.l tur.r.ii  tin-,  livn  pLins  If,  for  example, 
in  a  small  crystal,  cab  (tig.   1;J3)  lie  the  single  which   is  to  be  determined, 


and  the  reflecting  surface  «■  .'■  be  nlueed  in  sueh  :i  posh  ii';i  that,  the  reflection 
of  the  image  of  a  diut.ii.nt.  point.  H  teen  f  cum  0  exactly  covers  a  point  12  lying 
in  the  line  of  the  reflected  ray,  then  the  other  side  a  r.  of  the  angle  cab 
must  bo  turned  through  the  angle  c  a  J]  in  order  to  assume  the  same  po- 
sition, and  to  give  llio  same  phenomena  sis  the  piano  a  b  previously  did. 
The  angle  c  a  f  is  the  supplement  of  the  angle  cab.  All  that  is  required 
to  be  done,  therefore,  is  to  measure  the  single  ;  af  with  sioouracy,  and  sub- 
traot  its  value  from  1S'J° ;    sirnl  this  the  goniometer  effects. 

One  method  of  using  the  instrument  is  the  following: —  The  goniometer 
is  placed  at  a  convenient,  height,  upon  si.  steady  table  in  front  of  a  well, 
illuminated  window.  Horizontally  across  (he  Suiter,  at  the  height,  of  eight 
or  nine  feet  from  the  ground,  is  tu.ro  to  bed  u  narrow  black  ribbon,  while  a 
second  similar  ribbon,  adjusted  psi.rsi.ttel  to  the  first,  is  fixed  beneath  the 
window,  a  foot  or  eighteen  inches  sibuve  the  (loor.  Tho  object  is  to  obtain 
two  easily  visible  blsiok  lines,  perfectly  parallel.  The  crystal  to  be  examined 
is  attached  to  the  arm  of  the  goniometer  at.  /  by  ft  little  was,  and  adjusted 
in  such  a  manner  that,  the  edge  joining  the  two  pianos  whose  inclination  is 
to  he  measured  shall  nearly  coincide  wit  h,  or  be  parallel  to,  the  axis  of  tho 
instrument.  This  being  done,  the  adjustment  is  ro nq-,1,  led  in  the  following 
manner:  —  The  divided  circle  U  i timed  until  the  zero  of  the  vernier  comes 
.  to  180° ;  the  crystal  is  then  moved  round  by  means  of  the  inner  axis  e 
(fig.  152)  until  the  eye  plaeed  nesir  it.  poreeives  the  image  of  the  upper 
black  line  reflected  from  I  ho  surfsice  of  outs  of  the  plain*  in  question.  Fol- 
lowing this  image,  the  crystal  i-  still  cant  ion  sly  turned  not  il  the  upper  black 
line  seen  by  reflection  approaches  and  overlaps  the  lower  black  line  seen 
directly  by  another  portion  of  I  he  pupil.  It  is  obvious,  I  hat  if  the  plane  of 
the  crystal  be  quite  parallel  to  the  axis  of  the  instrument  (the  latter  being 
horizontal),  the  two  linos  will  coiuoide  completely.  If,  however,  this  should 
not  be  the  case,  the  crystal  inn  si  he  moved  noon  I  lie  wax  until  the  two  lines 
fall  in  one  when  superposed.  The  second  face  of  the  crystal  must  then  be 
adjusted  in  the  same  manner,  care  being  tiikcn  not  to  derange  the  position 
of  the  first.  When  by  repealed  observation  il.  is  found  that,  both  have  been 
correctly  placed,  so  as  to  bring  the  edge  into  i.lio  reonircd  condition  of 
parallelism  with  the  axis  til  motion,  the  measurement  of  the  angle  may  be 
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For  this  purpose  the  crystal  is  moved  as  before  by  the  inner  axis  until 

the  image  of  the   upper   lino,  reflected   ir the   first  fate  of  the  crystal, 

covers  the  lower  line  seen  directly.  The  great  circle,  carrying  the  whole 
with  it,  is  then  cautiously  turned  until  the  same  coincidence  of  the  upper 
with  the  lower  line  is  .seen  by  dhbmis  of  the  second  face  of  the  crystal; 
that  is,  the  second  face  is  brought  into  cxaotly-  the  same  position  as  that 
previously  occupied  by  the  first.  Not  lung  then  remains  but  to  read  off  by 
the  vernier  the  angle  through  which  the  circle  has  been  moved  in  this 
operation.  The  division  u]..i.ii  -lie  circle  ir.solf  Is  very  ofieti  made  backward, 
so  that  the  angle  of  motion  is  not  obtained,  but  its  supplement,  or  the  angle 
of  the  crystal  required. 

It  may  be  necessary  to  rema.vl;,  thai,  allhough  the  principle  of  the 
operation  described  is  in  the  highest  decree  simple,  its  successful  practice 
requires  considerable  sbill  and  experience. 

If  a  crystal  of  tolerably  si  in  pie  form  be  attentively  Considered,  it  will  he- 
Come  evident  that  cevtuin  directions  can  lie  pointed  out.  in  which  straight, 
lines  may  be  imagined  10  be  drawn,  passing  through  the  central  point  of 
the  crystal  from  side  Io  side,  from  end  In  end.  or  from  one  angle  to  that 
opposed  to  it,  &c.  about,  wtiiuli  lines  the  purl  ioles  of  matter  composing  the 
crystal  may  be  conceived  to  be  symmetrically  built  up.  Such  lines,  or  oxen, 
are  not  always  purely  imaginary,  li nv.-ever,  as  may  bo  inferred  from  the  re- 
markable optical  properties  of  many  crystals:  upon  their  number,  relative 
lengths,  position,  and  inclination  to  each  other,  depends  the  outward  figure 
of  the  crystal  itself. 

All  crystalline  forms  may  upon  this  plan  be  arranged  in  sis  classes  or 
systems;    these  are  Ihe  following: 

I.  Tlit-  monomelric,  reyular,  or  cubii:  ii/ffem.  ■ —  The  crystals  of  this  division 
have  three  equal  aies,  all  placed  al  right  angles  in  each  other.  The  most 
important  forms  are  the  cube  (1),  the  regular  orio/ndruii  (2),  and  the  rhombic 
dodecahedron  (8). 

The  letters  a — a  (tig.  154)  show  the  termination  of  the  three  axes,  placed 


.s  stated. 


}■•;■>.  i.-.t. 


Very  many  substances,  both  simple  ami  compound.  tts?ume  these  forms, 

as  most  of  the  metals,  carbon  in  Ihe  state  of  diamond,  common  salt,  po- 
tassium iodide,  the  alums,  ilunvspnr.  iron  bisulphide,  garnet,  spinelle,  &c, 
■  2.  The  dimetrie,  qumh-Mn:,  square  prismatic,  or  ji-ijr/imidal  system.  —  Three 
axes  are  here  also  observed,  at  right  angles  to  each  other.  Of  these,  how- 
ever, two  only  are  of  equal  length,  the  I  bird  being  longer  or  shorter.  The 
most  important  forms  are,  a  right  -■n/iu.-n-  /.rimn,  in  which  the  lateral  axes 
terminate  in  the  central  pomt  of  each  side  (1):  a  ::w.ond  right  square  prism, 
in  which  the  a.xes  fenninate  in  the  edges  [Ti  ;  a  corresponding  pair  of  vy/,;, 
sipi.ti-re-based  '.icioli'-ylruiis  (3  and  4). 

Examples  of  these  forms  arc  to  be  found  in  zircon,  native  stannic  oxide, 
apophyllite,  yellow  potassium  terro cyanide,  &e. 
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I!.  The  rhomholii-dral  xt/->!tm.  —  This  h  very  important  and  extensive  ;  it  is 
characterized  bv  four  uxes,  ihreo  of  which  are  equal,  in  the  same  plane, 
and  inclined  to"  each  other  at-  niijfl'.'.d  uf  tit)",  while  ihc  fourth  or  principal 
axis  is  perpendicular  to  fill.  The  rfjuiiir  xir-xi,:al  r-rixm.  (1  J,  Hie  ipmrlz-ilixle- 
cahedron  (2),  the  rhmnholiidrtm  ("),  mid  :i  •namd  dodecahedron,  called  ii 
scahnohedr on,  whose  laces  an;  w:a';r:i^  iviiLiijjltjs  (4),  belong  to  the  system  in 
question. 
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The  system  is  exemplified  in.  sulphur  erjsta.llir.sirt  «i  a  low  temperature, 
arsenical  iron  pyrites,  potassium  nitrate,  ami  sulphate,  barium  sulphate,  ka. 

5.  '/'/«!  iimrtodiiiie.  or  oh!iqn*  ji,k,;:iuli<-  .«!/*■!<.■■'«■.  —  Crystals  belonging  to  Ibis 
group  have  also  three  mis,  whieh  may  br  ;il!  ufiO'iuu-l;  I  wo  of  these  (the 
secondary)  are  placed  at  right  angles,  the  third  being  so  inclined  as  to  be 
oblique  to  one  and  perpendicular  lo  the  other.      To  this  system  may  be  re- 


ferred the  four  following  forms:  The.  oi. 


1 ),  the  tibtigise. 


rltonibii:  prism  ('.'.),  the  o-'iii'/n-i  mUntir/'ii'ir  hv.«<d  udahi'ii-on  ['A),  the  oblique 
rhombic-based  octahedron  (4). 

Such  forms  are  taken  by  sulphur  crystalli/ed  by  fusion  ami  cooling,  real- 
gar, sulphate,  carbonate  and  phosphate  of  sodium,  borax,  green  -vitriol, 
and  many  other  salts. 

fi.  The  Irklink.  atwrlkk,  or  'hmll'i  ollkpu-  prwin/k  st/stctit.  — The  crys- 
talline forms  comprehended  in  this  division  are,  from  their  great  apparent 
irregularity,  exceedingly  difficult  to  study  and  understand.     In  them  are 


b—b,  r.—c.  S-iniuiKtury  axes, 
traced  three  axes,  which  nuv  be  all  unequal  in  length,  and  arc  all  oblique 
to  each  other,  as  in  l.he  two  thjiibly  ubliqur  prnr.Hs  (1  and  1),  and  in  the  cor- 
responding doubly  iiiii'iHP  ut-t.t>h:<lr<jiix  (3  and  4). 

Copper  sulphate,  bismuth  nitrate,  and  potnssiani  qiindr oxalate  afford 
i'.'.ussrations  of  these  forms. 

If  a  crystal  increase  in  magnitude  by  equal  additions  on  every  part.it  is 
quite  clear  thai  its  figure  must,  remain  unaltered;  but  if,  from  some  cause, 
this  increase  should  bo  partial,  the  newly  deposited  matter  being  distributed 
unequally,  but  still  in  obedience  to  certain  definite  laws,  then  alterations 
of  form  are  produced,  giving  rise  to  figures  which  have  a  direct  geotneln- 
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cal  connection  with  (hut  from  which  ihey  are  derived.  If,  for  example,  in 
the  cube,  a  regular  omission,  of  successive  rows  of  [jsu-lieles  of  matter  in  a 
certain  order  be  made  at  each  solid  ancle,  while  the  crystal  continues  to 
increase  elsewhere,  the  result  will  he  I  he  production  of  small  triangular 
planes,  whioh,  as  the  process  advances,  f-radually  usurp  the  whole  of  the 
surface  Of  the  crystal,  and  convert  (he  cube  into  an  oetohedron.      The  new 


planes  are  called  seennthiry ,  and  (hrir  production  is  said  to  take  place  by 
regular  decrements  upon  the  solid  angles.  The  same  iliing  may  happen  on 
the  edges  of  the  cube ;  a  new  figure,  the  rhombic  dodecahedron,  is  then 
generated.  The  modifications  which  can  I li us.  be  produced  of  the  original 
or  primary  figure  (all  of  which  are  subject  to  o.\aei  geometrical  laws)  arc 
very  numerous.  Several  distinct  tuodilioatimis  "IMy  "'>'■  present  at  the  same 
time,  and  thus  render  tins  form  exceedingly  complex. 

Crystals  often  cleave  parallel  to  all  the  planes  of  the  primary  figure,  as  in 
Calc  spar,  which  oilers  a  freed  i'dusl  i-„liou  of  iliis  perfect  cleavage.  Some- 
times one  or  two  of  these  pianos  have  a  kirn!  of  preference  over  the  rest  in 
tins  respect,  the  ery.-tid  sp]:i t Liijj;  readily  in  these  directions  only, 

A  very  curious  modification  of  the  liaiii'o  somoiimes  oeeurs  hy  tbo  exces- 
sive growth  of  each  alternate  plane  of  the  crystal;  the  rest  become  at 
length  obliterated,  and  (lie  crystal  assumes  the  character  called  kemihedral 
or  liatf-sided.  This  is  woil  seen  in  (lie  production  of  (he  tetrahedron  from 
the  regular  oel.ohcdron,  and  of  the  rlicenbnhedt'lc  form  by  a  similar  change 
from  the  quartz-dodecahedron  already  figured. 


Forms  belonging  to  i  he  same  cr.\  -tatloiirtiplnc  system  are  related  to  each 
other  by  several  natural  affinities. 

1.  It  is  only  the  simple  jurats  of  tin-:  ,™«  n>j.ti--ta  Ihit  ant  fmahmt  into  a  com- 
plex form.  —  For  in  all  fully  developed  (hidoltcdra;)  natural  crystals  it  Is 
found  that  all  the  similar  parts,  if  modified  ai  all,  arc  modified  in  an  ex- 
actly similar  manner  'in  lioniilicilral  forms,  half  the  similar  edges  and 
angles  alternately  situated  are  similarly  modified).  Kuw  this  can  be  the 
Case  only  when  the  doininaul  form  and  rhc  modifying  form  are  developed 
according  to  the  same  law  of  symmetry.  Tims,  if  a  cube  and  a  regular 
oetohedron  are  developed  round  the  same  system  of  axes,  each  summit  of 
the  cube  is  cut  off  to  the  same  extent  by  ti'face  of  Hie  oetohedron,  or  vice 
veriH.     But  a  cube  could  never  combine  in  obis  manner  i.'dh  a  rhombic  octo- 
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Iiodvou,  because  it  iv (m lid  lie  imp 
manner  Unit  similar  parts  of  tin;  o; 
of  the  other. 

The  crystals  of  each  system  arc  thus  sul >j i- 1; I  (o  a  peculiar  and  distinct  set 
of  modifications,  the  observation  of  wliieh  very  frequently  eonEiitutes  an 
oxcellent  guide  to  tho  discovery  of  tlio  primary  form  itself. 

2.  Cn/siaU  bflvnyiu:/  !-•  ike  same  s;,vl-.m  are  i/iihiinleh!  n'.n/nl  in  their  optical 
properties.  —  Crystals  belonging  lo  the  regular  system  (as  the  diamond,  alum, 
rock-salt,  &c.)  refract  light-  in  die  siimc  maimer  as  unerystalliii'd  bodies  ; 
that  is  to  say,  they  have  iv.it  uiic  refractive  indns,  anil  it  ray  of  light  passing 
through  them  in  any  direction  is  refracted  singly.  But  all  other  crystals 
refract  doubly,  that  is  lo  say,  a  ray  of  lighi  passing  through  them  (exoept 
in  certain  directions)  is  split  into  two  rays,  ihe  otic,  culled  the  ordinary  ray, 
being  refracted  as  it  would  bo  hy  an  amorphous  body,  rlie  other,  called  the 
extraordinary  ray,  being  refracted  according  lo  peculiar  and  more  complex 
lawg  (see  Lioiit).  How  the  crystals  oi"  the  ilhueiric  and  hexagonal  systems 
resemble  each  other  in  ibis  respect,  that  in  nil  of  them  there  is  one  direc- 
tion, called  the  optic  fixis,  ov  a.iis  of  1 1  on  1:1c  it  fraction  [coinciding  with  the 
principal  crysiallographie  axis),  along  which  a  ray  of  light,  is  refracted 
singly,  while  in  all  other  direct  ions  it  is  refracted  doubly  ;  whereas  in  crys- 
tals belonging  to  iiic  oilier  systems,  v:-/,,  ilie  triniotiio  and  the  two  oblique 
systems,  there  are  always  iu-o  directions  or  axes,  along  which  a  ray  is  singly 
refracted. 

a.  Crystals  lichmyhiij  in  ihr.  sr.i:-,  sitn'aii  .'v,w;i ,',/■;  cad,  oilr-r  in  ihar  mode  of  con- 
ducting heal. —  Amorphous  bodies  and  crystals  uf  the  regular  system  eon- 
duet  heat  equally  in  all  direeiious,  so  that,  supposing  a  centre  of  heat  to 
exist,  within  such  n  body,  tho  Uolhormai  surfaces  will  be  spheres.  Hut 
crystals  of  the  diinclrie  ami  hexagonal  systems  coinluct  equally  only  in 
directions  perpendicular  to  [lie  principal  axis,  so  that  in  such  crystals  tho 
isothermal  surfaces  are  ellipsoids  of  revolution  around  that  axis ;  and 
crystals  belonging  t.u  either  of  the  three  other  systems  conduct  unequally 
in  all  directions,  so  that  in  them  the  isoi  hernial  surfaces  are  ellipsoids  with 
three  unequal  axes. 

LUlni'i/itis  of  Farm,  ami  CwtsiiMmn :   Isomorphism. 
Certain  substances,  to  which  a  siniila.r  chemical  constitution  is  ascribed, 
possess  the  remar'.iablc  pvapeny  of  exnelly  replacing  each    oilier   in   crys- 
tallized  compounds  without    alteration   of  die    characteristic    geometrical 
figure.      Such  bodies  a.re  said  to  be  isomorphaus.* 

For  example,  magnesia,  zinc  oside,  cupric  oxide,  ferrous  oxide,  and 
nickel  oxido  are  allied  by  isomorphic  relations  of  i  he  most  intimate  nature. 
The  salts  formed  by  these  subst  uncos  nil  h  the  same  acid  and  similar  pro- 
portions of  water  of  crystallisation,  arc  identical  in  their  form,  and,  when 
of  tho  same  color,  cannot  be  distinguished  by  the  eye;  the  sulphates  of 
magnesium  and  zinc  may  be  thus  confounded.  Those  sulphates,  too,  all 
combine  with  potassium  .sulphate  and  ammonium  sulphate,  giving  rise  to 
double  salts,  whose  figure  is  the  same,  but  quite  different  from  that  of .  the 
simplesulphat.es.  Indeed  this  connection  between  identity  of  form  and 
parallelism  of  consiinil.ion  rues  through  all  l.heir  combinations. 

In  the  same  manner  alumina  and  iron  sesquioxido  replace  each  other 
continually  without  change  of  crystalline  figure:  Hie  same  remark  may  be 
ma.de  of  the  oxides  of  potassium,  sodium,  and  ammonium,  these  bodies 
being  strictly  isomorphous.  The  alumina  in  common  alum  may  be  replaced 
by  iron  sesquioxide.  tho  potash  by  ammonia  or  by  soda,  and  still  the  figure 
of  the   crystal  remains    unchanged.      These    replacements  may  be  partial 
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only:   we  may   have   an   alum   containing    both    potash   and   ammonia,  or 

alumina  and  chromium  ses'jiiionidu.  i.l.y  artificial  management —  namely, 
by  transferring  [he  crystal  successively  ti>  ditb-retit  solutions  —  we  may 
have  these  isomorphous  jni'l  muiuiilly  reuhicing  Compounds  distributed  in 
different  layers  u|jon  (lie  same  crystal. 

For  those  reasons,  mixtures  of  isomorphous  salts  can  never  "be  separated 
by  ciystailbniioo,  unless  iliuiv  ditfcieiieo  ol'  solubility  is  very  great.  A 
niLxncl  solution  of  ferrous  sulphate  Mini  r.iokol  sulphate,  isomorphous  salts, 
yields  on  evaporation  crystals  cout<i.:.]i i iiy  both  iron  and  nickel.  But  if 
before  evaporation  the  ferrous  suit,  bo  converted  into  foi-i-ic  salt,  by  chlorine 
or  other  means,  then  the  crystals  obtained  are  free  from  iron,  except  that 
of  the  mother-liquor  v.'liieli  wets  them.  The  ferric  salt  is  no  longer  iso- 
morphous  with  the  nickel  salt,  and  easily  separates  from  (he  latter. 

When  compounds  are  tints  found  to  correspond,  it  is  inferred  that  the 
elements  composing  them  are  also  sometimes  isomovphous.  Thus,  the 
metals  magnesium,  /.ine,  iron,  and  cupper  tire  presumed  lo  be  isomorp lions: 
arsenic  and  phosphorus  have  not  t.lio  same  crystalline  form;  nevertheless, 
they  are  said  to  be  isovuovphnus,  hec.a.itso  arsenic  ami  phosphoric  adds  give 
rise  to  combinations  which  agree  tli i i ~i.  eoinpleU'ly  in  figure  and  constitution. 
The  chlorides,  iodides,  bromides,  and  fluorides  agm:e,  whenever  they  ean 
be  observed,  in  the  itiosl  ported  manner  :  hence  the  elements  themselves 
are  believed  to  be  also  isottiurplions.  Unfortunately,  for  obvious  reasons, 
it  is  very  difficult,  to  observe  the  crystalline  figure  of  most  of  the  elemen- 
tary bodies,  and  this  difficulty  is  increased  by  the  frequent  dimorphism 
they  exhibit. 

Absolute  identity  of  value  in  the  angles  of  crystals  is  not  always  ex- 
hibited by  isotnorphous  substances.  In  oilier  words,  small  variations  often 
occur  in  the  magnitude  of  (he  angles1  of  crystals  of  compounds  which  in 
all  other  respects  show  i  lie  closest  isomorphic  relations.  This  should  occa- 
sion no  surprise,  as  there  are  reasons  why  such  variations  might  be  ex- 
pected, the  chief  perhaps  being  the  nniHjua!  ctfeels  of  expansion  by  heat, 
by  which  the  angles  of  the  same  crystal  are  changed  by  alteration  of  tem- 
perature, A  good  example  is  found  in  the  case  of  1  ho  carbonates  of  cal- 
cium, magnesium,  manganese,  iron,  and  line,  which  are  found  native  crys- 
tallized in  the  form  of  obtuse  i-hombnhcdrons  (tig.  I.jlj'1.  not  distinguishable 
from  each  other  by  the  eye,  or  even  by  the  common  gnriioiucier,  but.  show- 
ing small  differences  when  examined  by  the  mure  accurate  instrument  of 
Dr.  Wolbiston.  These  compounds  are  isomnrphous,  and  the 
of  the  obtuse  angles  of  toon-  rhemhohedrons  arc  as  follows: 


Caloiun 

i  carbonate 

.    105' 

*  h> 

Mae ■ 

107' 

'25' 

.    107' 

20' 

Zine  "  ...    107°  40' 

Anomalies  in  (he  eomposiliou  of  various  earthy  minerals,  which  formerly 
threw  much  obscurity  upon  their  chemical  nature,  have  been  in  great 
measure  explained  by  these  discoveries.  Specimens  of  the  same  mineral 
from  ditfe run t  localities  were  found  to  allcrd  very  discordant  results  on 
analysis.  But  the  proof  once  given  of  the  extent  to  which  substitution  of 
isotnorphous  bodies  may  go,  without  d os-l-ru ci.i oil  of  wdiat  may  he  called 
the  primitive  type  of  lite  compound,  liiese  dilbrulties  vanish. 

Decision  of  a  doubtful  point  concerning  rite  e oust ifut ion  of  a-  compound 
may  now  and  then  he  very  satisfactorily  made  by  a  reference  to  this  same 
law  of  isomorphism.  Thus,  alumina,  the  only  known  oxide  of  aluminium, 
is  judged  to  be  a  sesquio.vidc,  from    its   relation   lo    scr.quioxidc  of  it""" 
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CRYSTALLINE  FORM — ISOMORPHISM. 


which  is  certainly  so ;  the  bind;  oxide  of  topper  is  inferred  to  he  really 
the  monoxide,  all  ho  u<ri  ii  o-on  i  ri.ius  I  nice  :is  much  ui;=fli  (is  the  red  oxide, 
because  it  is  iuomorp lions  with  mugnesia  :nul  zinc  oxide,  Loth  undoubted 
monoxides. 

Tilt  subjoined  table  will  serve  to  convey  some  idea  of  the  most  important 
families  of  ieonioiplioos  elements  ;  it.  isinkoti,  with  slight,  modification,  from 
Professor  Graham's  Elements  of  Ciiomiwtry,-"1  to  which  the  pupil  is  referred 
for  fuller  details  on  this  mtevosi.ing  subject: 

Isouioi-jjliuus  Groups. 


00 

(3.) 

(6.) 

Sulphur 

Barium 

Sodium 

Sl'l-.l!  •Mill 

Strontium 

Tellurium. 

Lead. 

Thiilliuui 
Gold 

(20. 

(«■) 

Potassium 

Platinum 

A  rum; ilium. 

Calcium 

Iridium 

Osmium. 

P0 

Chlorine 

Cobalt 

(6.) 

Iodine 

Nickel 

Tin 

Bromine 

Fluorine 

Cadmium 

Zirconium 

Vi/u  ni,yi  ii. 

Copper 

Tungsten 

Cllvoroimu 

Molybdenum 

(8.1 
Phosphorus 

Alniuininm 

Tantalum 

Glucinum. 

Niobium. 

Arsenic 

Antimony 

Bismuth 

V  :n  indium. 

m  of  this  table  with  that  on  page  i!"il  will  show  that,  in  many 
norphous  element.*  oshibit-  eijuul  equivalence  or  combining 
power,  ana  wore  (renornlly  that  ilm  isoniovphouy  groups  consist  either 
wholly  of  perissud  or  wholly  of  nrtiad  elements.  The  only  apparent  ex- 
ception to  this  rule  is  afforded  hy  iniilnluni  and  niobium,  which,  although 
pentads,  are  isoniorphotis  ivit.U  tin,  tungsten,  and  other  tetrad  and.  hexad 
elements. 

*  Second  Am.  edition,  p.  149. 
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CHEMISTRY  OF  THE  METAIS. 

riIHE  metals  constitute  (lie  second  : 1 1 1 ■:  1  ^irercv  group  of  elementary  bodies. 
J_  A  great  number  of  litem  are  of  very  rare  occurrence,  being  found  only 
in  a  few  scarce  minerals  ;  others  are  mure  abundant,  ami  some  few  almost 
universally  diffused  throughout  the  globe.  Hume-  of  these  bodies  are  of 
most,  importance  when  in  t.lie  metallic  stat  e  ;  others,  when  in  combination, 
chieBy  as  oxides,  (he  mentis  themselves  In; ins;  almes-i.  unknown.  Many  are 
used  in  medicine  and  in  the  arts,  and  arc  essentially  connected  with  the 
progress  of  civilization. 

If  arsenic  be  included,  Ihc  tne'als  amount  in  fifty  in  number. 

Physical  Properties.  —  One  of  lite  most,  remarkable  ami  striking  charac- 
ters possessed  by  the  metals  is  their  peculiar  lustra:  this  is  so  character- 
istic, that  the  expression  metallic  lustre  has  passed  into  common  speech. 
This  property  is  no  doubt,  connected  ivith  the  extraordinary  degree  of  opa- 
city which,  the  metals  present  in  every  instance.  The  thinnest  leaves  or 
plates,  and  the  edges  of  crystalline  la-mime,  arrest  the  passage  of  light  in 
the  most  complete  manner.  An  exception  to  the  rule  is  usually  made  in 
favor  of  gold-leaf,  which ,  when  he  id  up  to  ihe  da.ylighi  .  exhibits  a  greenish, 
and  in  some  cases  a  purple  color,  as  if  it  v.eve  really  endued  with  a  certain 
degree  of  trans  luce noy  :  the.  melallic  film  is,  however,  generally  so  imper- 
fect that  it  is  some  what  diiiicub.  i  a  nay  whether  i  lie  observed  effect  may  not 
be  in  some  measure  due  to  umliiiudes  of  liiilt;  boles,  many  of  which  are 
visible  to  the  naked  eye;  but  Faraday1?  experiments  have  established  the 
trarisluccrey  of  gold  be\\cal  all  doubt. 

In  point  of  color,  the  met  uls  present  a  cerlain  degree  of  uniformity:  with 
two  exceptions  —  viz.,  copper,  which  is  red,  ami  gold,  which  is  yellow  — 
all  these  bodies  are  included  between  the  pure  white  of  silver  and  the 
bluish-gray  tint  of  lead  :  bismuth,  if  is  true,  lias  a  pinkish  color,  and  cal- 
cium and  strontium  a  yellowish  tint,  hut  these  tints  are  very  feeble. 

The  differences  of  nprfif/:  y ruin! a  are  very  wide,  pa-sing  from  lithium, 
potassium,  and  sod  in  in.  which  are  lighter  than  water,  to  platinum,  which  is 
nearly  twenty-ore  times  heavier  than  an  equal  bull;  of  that,  liquid. 


Table  of  the  Specific  G  radii':'  of  muds  at  15-5°  C.  ( 

Platinum 
Gold        . 

Ti.iiL'-ieu 
Mefi-iiyr 
Palladium 
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Niche! 
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.^'jiybilotiu- 


11-30  to  11-8 

11-45 

10-60 
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Tellurium  ....  6-11 

Aluminium       .         .         .         2-56  to  2-67 

Sodium  ....  0-972 
Potassium  ....  0-866 
Lithium    ....         0'593 

Ths  property  of  ■mullcahiUiii,  or  power  of  extension  under  the  hammer, 
or  between  the  rollers  of  tliu  ibittitia-miil,  ■;.,  possessed  by  certain  of  the 
metals  to  a  very  great,  extent.  Gold-leaf  is  a  remarkable  example  of  the 
tenuity  to  which  a  niallcuhle  metal  may  be  tivon.'i'br.  by  suitable  means.  The 
gilding  on  silver  wive  used  in  the  manufacture  of  gold  !nee  is  even  thinner, 
and  yet  presents  an  unbroken  surface,  Silver  may  be  beaten  out  very  thin  — 
copper  also,  but  to  an  inferior  extent;  tin  and  platinum  are  easily  lolled 
out  into  foil;  iron,  palladium,  lead,  nickel,  cadmium,  the  metals  of  the 
alkalies,  and  mercury  when  solidified,  are  also  malleable.  Zine  may  be 
placed  midway  between  the  malleable  and  brittle  division  ;  then  perhaps 
bismuth;  and.  lastly,  snob  metals  as  antimony  and  arsenic,  which  are  al- 
together destitute  of  malleability. 

The  specific  gravity  <>('  malleable  metals  is  usually  very  sensibly  increased 
by  pressure  or  blows,  and  ibe  metals  t.lieinselves  are  rendered  much  harder, 
with  a  tendency  to  brirth-ness.  This  com  lit  inn  is  destroyed  and  the  former 
soft  state  restored  by  the  operation  (■!'  !..'..•,■.■.,■■'■'..'■■;.  v.hicb  consists  in  heating 
the  metal  to  redness  oia.  of  eon  fact  with  air  (if  it.  will  bear  thiit  temperature 
without  fusion),  and  cooling  it  quickly  or  slowly  according  to  the  circum- 
stances of  the  ease.  After  this  operaiioti,  it  is  found  to  possess  its  original 
spec i tie  gravity. 

UiKtilUy  is  a  property  disi  iuet-  from  the  last,  inasmuch  as  it  involves  the 

principle  of  tenacity,  or  power  of  resisting  tension.     The 

Fig.lm.  art  of  wire -drawing  is  one  of  grea.l  antiquity  :   it  consists  in 

_        drawing   reds   of  metal   through    ti    succession   of  trumpet- 

I  o\       /«\       shaped  boles  in  a  steel  plate,  each  being  a  little  smaller  than 

[|  J       its  predecessor,  until  lite  requisite  decree  of  fineness  is  at- 

j  0  I  ,1       tained,      The  metal   often  becomes  very  hard  and  rigid   in 

I  „  I         .  |      this  process,  and  is  then  liablc'to  break  :   this  is  remedied  by 

0  I  .  I      annealing.      The  order  ni"  tenacity  among  the  metals  suscep- 

„  I  ,  I      tible  of  ileitis  easily  drawn  into  wire  is  the  following:   it  is 

\.  I       \.f      determined   by   observing    the    weights    required  to   break 

J         \-s        asuudet  wires  drawn  through  the  same  uriliee  of  the  plate: 

Iron  I  Gold 


Silver  Lead. . 

Metals  differ  as  much  it.  fim'/iiiJt-t/  as  in  density.  The  following  table  will 
give  an  idea  of  their  re  in  t  ions  to  heat.  The  melting-points  of  the  metals 
which  fuse  only  at  a  temperature  above  ignition,  and  that,  of  line,  are  on 
the  authority  of  the  late  Professor  Daniel!,  having  been  observed  by  the 
help  of  his  pyrometer  bel'ui"  described: 
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.       3ft° 

Rubidium 

.     144'S 

Sodium      . 

207-7 

Cadmium        . 

(about)  442 

.     561 

617 

Tellurium  —  rather  less 

usible  than  load. 

Alimony — jus',  below  redness. 


Copper 

1996          1091 

Pure  iron 

Nickel 

Cobalt 

Highest  heat  of  forge. 

Manganese 

Palladium 

fusible  below 

Molybdenum 

a  red  heat. 

Uranium 

A  florae  rare,  but  do  not  melt  in  tho 

Chromium 

Titanium 

Cerium 

Osmium 
Iridium 
Rhodium 

Infusible  in  ordinary  blast-furnaces; 

fusible  by  oxy-liyilrogen  blowpipe. 

I'lai  iuuiu 

Tantalum 

Some  metals  acquire  a  u-is'y  nv  adhesive  sink'  before  becoming  fluid: 
this  is  the  ease  with  iron  and  platinum,  and  also  with  the  metals  of  the 
alkalies.  It  is  this  peculiarity  uhicli  confers  (lie  very  valuable  property  of 
welding,  by  which  pieces  of  iron  and  steel  are  united  without  solder,  and 
tho  finely  divided  uiofiiNic  sponge  of  platinum  is  converted  into  a  solid  and 
compact  bar. 

Volatility  is  possessed  by  cerlaiu  ntom'bors  of  this  class,  and  perhaps  by 
all,  could  temperatures  soflicienily  .'.]ev;iW  be  obtained.  Mercury  boils 
and  distils  below  a  red  heal  ;  potassium,  sodium,  j.itio,  magnesium,  and 
cadmium  rise  in  vapor  when  heated  to  bright  redness;  arsenic  and  tellu- 
rium are  volatile. 
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CIIEMTCAT,  RELATIONS  OF  THE  METALS. 

Metallic  combinations  are  of  two  lands  —  namely,  those  formed  by  the 
union  of  metals  among  themselves,  which  are  culled  alloys,  or,  where  mer- 
cury is  concerned,  amalgams ;  nndlho.se  generated  by  combination  with 
the  non-metallic  elements,  as 'oxides,  chlorides,  sulphides,  &c.  In  this 
latter  case,  the  metallic  characters  are  almost  invariably  lost.     . 

Alloys.  — Most  metals  are  probably,  to  some  extent,  capable  of  existing 
in  a  state  of  com  hi  mil  ion  with  each  other  in  definite  proportions;  but  it 
is  difficult  to  obtain  these  compounds  in  a  separate  condition,  since  (hey 
dissolve  in  all  proportions  in  I  lie  mulled  metals,  and  do  not  generally  differ 
bo  widely  in  their  molting  points  1'roni  the  inulais  i.hey  may  bu  mixed  with, 
as  to  be  separated  by  crystallization  in  a  definite  condition.  Exceptions 
io  this  mlo  are  met  wit.li  in  the  cooling  of  argentiferous  lead,  the  crystal- 
lization of  brass,  and  of  gun-metal. 

The  chemical  force  capable  of  being  exerted  ljet.wee.ri  different  metals  is 
for  the  most  part,  very  feeble,  anil  ihu  consequent  state  of  combination  is 
therefore  very  easily  disturbed  by  the  influence  of  other  forces.  The 
stability  of  such  metallic  compounds  is,  however,  greater  in  proportion  to 
the  general  chemical  dissimilarity  of  tiio  metals  they  contain.      Hut  in  all 

cases  of  combination  tie!  ■.■.■:■■: lals,  tiie  alteration  of  physical  characters. 

which  is  the  distinctive  feature  of  chemical  combination,  does  not  take 
place  to  any  great  extent.  The  most  unquestionable  compounds  of  metals 
with  metals  are  still  metallic  in  their  general  physical  characters,  and  there 
is  no  such  transmutation  of  the  individuality  of  ( heir  constituents  as  takes 
place  in  the  combination  of  a  metal  wit.h  oxygen,  or  sulphur,  chlorine,  &e. 
The  alteration  of  characters  in  alloy-  is  generally  limited  to  the  color,  de- 
gree of  hardness,  tenacity,  it:.,  and  it  is  only  when  the  constituent  metals 
are  capable  of  assuming  opposite  chemical  relations  that  these  compounds 
are  itisiingif-.hoil  by  great,  brittleness. 

The  formation  of  actual  chemical  compounds,  in  some  cases,  when  two 
metals  are  melted  together,  is  indicated  by  several  phenomena,  viz.,  the 
evolution  of  heat,  as  in  the  case  of  platinum  and  tin,  copper  and  zinc,  &c. 
The  density  of  alloys  differs  front  that,  of  mere  mixtures  of  the  metals. 
In  (he  solidification  of  alloys,  the  temperature  (lees  not  always  fall  uni- 
formly, but  often  remains  stationary  ai  particular  degrees,  which  may  be 
regarded  as  the  solidifying  points  of  the  compounds  then  crystallizing. 
Tin  and  lead  melted  together  in  any  proportions  always  form  a  compound 
which  solidifies  at  187°  C.  The  melting-point  of  an  alloy  is  often  -very 
different  from  the  point  of  solidification,  and  it  is  generally  lower  than 
the  mean  melting  point  of  the  constituent  metals. 

But  though  metals  may  combine  when  molted  together,  it  is  doubtful 
whether  they  remain  combined  after  the  solidification  of  the  mass,  and  the 
wide  differences  between  I  he  moll  ing  and  snlidi  tying  points  of  certain  alloys 
appear  to  indicate  that  the  existence  of  these  compounds  is  limited  to  a 
certain  range  of  temperature.  Malthiessen  *  regards  it  as  probable  that 
the  condition  of  an  alloy  of  two  metals  in  the  liquid  stale  may  he  either 
that  of — 1.  A  solution  of  one.  niei.nl  in  another;  1.  Chemical  combination ; 
3.  Meehanical  mixture;  or,  4.  A  solution  or  mixture  of  two  or  all  of  the 
above;  and  that  .similar  dill'ercnccs  may  obtain  as    to   its   condition  in  the 

The  chemical  action  of  reagents  upon  alloys  is  sometimes  very  different 
from  their  action  upon  nielals  in  the  separate  stale ;   thus,  platinum  alloyed 
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with  silver  is  readily  dissolved  by  nitric  acid,  but  is  not  affected  by  tilt 
acid  when  unalloyed.  On  the  contrary,  silver,  which  in  the  separate  state 
is  readily  dissolved  by  nitric  aoid,  is  not  dissolved  by  it  when  alloyed  with 
gold  in  proportions  much  less  than  one  fourth-  of  the  alloy  hy  weight. 


P  MKTALS  WITH  Ml!TA].I.OI])S.— CfiAjiSrWCATIOS  Or  METALS. 
A  classification  of  the  melals  aceoi-uiiii:  io  tbeir  equivalence  or  atomicity 
is  given  in  the  tabic  on  p.  ^;!fi,  each  of  the  classes  thus  farmed  being  divided 
into  groups,  the  individual  members  of  which  possess  certain  physical  or 

Class  I.  —  Monad  Metals.  —  1.  Among  those  metal?  pntimnium,  sodium, 
cesium,  rubidium,  and  liiliJiua  are  called  a<i:,<li-met,th..  They  are  soft,  easily 
fusible,  volatile  at  higher  lempcritlut-es  ;  combine  very  energetically  wilh 
oxygen;  decompose  water  at  all  tcmperaluros;  and  form  strongly  basic 
oxides,  which  are  very  soluble  in  Witter,  vicldi.ne;  powerfully  caustic  and 
alkaline  liydratcs,  from  which  the  water  cannot  be  expelled  by  heat.  Their 
carbonates  are  soluble  in  water,  and  each  metal  forms  only  one  chloride. 
The  hypothetical  metal  inivniniiim.,  Nil,  [p.  :.MS1,  is  usually  added  to  the  list 
of  alkali- metals,  on  account  of  the  general  similarity  of  its  compounds  to 
those  of  prd.a.ssium  and  sodium. 

2.  Silver  differs  gren  liy  from  the  alkali  n minis  in  its  physical  and  most  of 
its  chemical  properties,  but  it  is  related  to  them  by  (he  isomorphism  of 
some  of  its  compound,  wilh  She  corresponding  eouiyiouiols  of  those  metals; 
thus  it  forms  an  alum,  similar  in  form  and  composition  to  ordinary  potash 

Class  Il.—Di/ad  Metals.  —  1.  The  throe  metal;;,  h,;rinm,  strontium,  and 
calcium,  form  oxide  ('.ailed  ■(.'/■;.'.' /.■:.:  ■■■/.-'/, j,  teas  soluble  in  water  than  the  true 
alkalies,  but  exhibiting  similar  lasie.  causticity,  and  action  on -vegetable 
colors.  The  metals  of  this  group  form  but  one  chloride,  e.g.  BaCl2;  their 
carbonates  are  insoluble  in  water,  and  barium  sulphate  is  also  insoluble; 
s:roniium  ant]  calcium  sulphates  sligiiiiy  soluble. 

2.  The  metals  of  the  next,  grotto,  viz  gJurhutm.  thoriinnii,  yttrium,  erbium, 
lanthanum,  and  */.««.  i'oitn  osidus  calleil  enrili.t,  which  are  insoluble  in 
water,  and  cannot  be  reduced  to  the  nielnllio  slate  by  hydrogen  or  carbon  ; 
their  oarbonates  arc  insoluble  in  water,  their  sulphates  soluble.  These 
metals  also  form  but  one  chieride.  viz.  a  diohluiado.    They  are  all  very  rare. 

',',.  Magnesium,  zinc,  and  r-n/mium  resemble  one  another  in  being  volatile  at 
high  temperatures,  and  burning  wiieu  heated  in  the  air;  they  decompose 
water  at-  high  temperatures,  Hi  tains- to  liydn  .jen  from  dilute  acids,  and  form 
only  one  oxide  and  one  chloride,  e.g.  ZnO  and  Zn("l.,.  Magnesium  was  for- 
merly classed  as  an  enri  b- metal,  but  il.  boars  n  much  closer  analogy  to  zinc. 

■\.  'Mercury  and  enpper  each  fa  via  two  chlorides  ami  two  oxides  :  mercury, 
for  example,  forms  the  I  wo  chlorides,  11  gH.,  mid  Ilg.,('l„.  and  the  two  oxides, 
HgO  and  Hg50.  jMcrcnrous  cltloeitle  icakuncji  is  represented  by  the  for- 
Hg-CL  Hg 

,  and  the  corresponding  oxide  by    |  >0.       The  copper   com- 


k- 


pounds  are  similarly  constituted.      These  metals  do  not  decompose  water  at 
any  temperature;  they  are  oxidized  by  nitric  and  by  strong  sulphuric  acid. 

The  oxides  ofmercurya.ro  reduced    to    the   metallic  state   by  heat  alone; 
those  of  copper,  by  ignition  with  hydrogen  or  charcoal. 

Class  III, — Triad  Metals.  —  The  only  two  metals  belonging  to  this  class 
are  thallium  and  gnld.  'Hindi  of  thorn  forms  a  monochloride  and  a  trichlo- 
ride, also  corresponding  oxides,  e. //.  gold  chlorides,  Atu.'l  and  AuU,,;  oxides, 
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Au50  and  An/),.  The  mono-eompounds  of  thallium  are  much  more  stable 
than  the  tri-eompounds.  and  in  respect  of  ihoso  compounds  thallium  exhibits 
very  close  analogic:?  with  the  alkali-meials.  forming,  for  example,  an  alum 
isomorphous  with  common  pc>l sikIi  alum,  anil  phosphates  analogous  in  com- 
position to  the  phosphates  of  sodium. 

Class  IV. —  Tetrad  Metals.  —  I.  I'la/imt-m,  piiU.adhim,  iridium,  <rluidiv.nl, 
ruthenium,  and  osmium  form  n  natural  j^vou|)  el'  mciala,  occurring  together 
in  the  metallic  state,  ami  resembling  n.ieh  <it  1  if i-  in  many  of  their  proper- 
ties. Platinum  ami  palladium  form  dieiiloridcs  and  tetrachlorides,  with 
corresponding  oxides,  as,  e.g.,  rt.Cl3,  PlCh,,  1'tO,  1'tO,.  Iridium  forms  a 
dichloride,  a  tetrachloride,  ami  an  intermedial  0  chloride,  lr„ClB.  which  may 
be  regarded  as  a  compound  of  tins  other  two,  ur  us  constituted  according  l.o 

IrClj 
the  formula  j        .      Ruthenium   and  osmium   fi:nu  chlorides  similar  in  con- 

IrCl3 
stilut.ion  to  those  of  iridium  :  rhodium  on  If  a  dichloride.  RhCla,  and  a  tri- 
chtorido,  RhjClj.  All  those,  metals  form  oxides  analogous  in  composition 
to  their  chlorides,  ;.  7.  IrO,  IivOj,  .1  rO,  and  likewise  higher  oxides,  iridium 
and  rhodium  forming  t.rioxhies,  lr(">a  ami  1Ui(>3.  mid  osmium  and  ruthenium 
forming  tctroxides,  0s04  ami  lioO,-  whence  it  might  be  inferred  that 
iridium  and  rhodium  arc  hoxa.d,  osmium  and  ruthenium  octads;  hut  there 
are  no  chlorides  correspond! no;  to  these  oxides,  and,  as  already  observed 
(p.  355),  tha  atomicity  of  an  element  cannot,  he  inferred  from  the  composi- 
tion of  Its  oxides.  The  metals  of  1  be  plat  iniun  group  are  not  acted  upon  by 
nitric  acid,  but  only  by  chlorine  or  nitromuriatic  acid.  With  the  exception 
of  osmium,  they  do  not  oxidi/.o  in  (he  air  at  any  temperature,  and  their 
oxides  are  all  reducible  hy  lical  a  1 0110.  Those  metal.-,  together  wit  li  gold, 
silver,  and  mercury,  v.diieh  likewise  exuibk  the  last-mentioned  character, 
are  sometimes  railed  noble  metals. 

'1.  Tin  and  tilaiiin::t  arc  closely  rid:;  led  lo  silieium.  each  forming  a  volatile 
tetrachloride;  namely,  stannic  chloride,  Kiidl,.,  ami  tilanie  chloride,  TiCl4! 
together  with  the  corresponding  oxides.  Tin  likewise  forms  the  stannous 
compounds,  hi  which  it.  is  bivalent,  •■/;.,  SnC'lj,  fhiOi  and  titanium  forme 
the  titanous  compounds,  in  which  it  is  apparently  Irhnlent,  but  really 
quadrivalent,  like  aluminium. 

3.  Lead  stands  by  iisolf.  Tts  ouadrivaleucc  is  inferred  from  (lie  compo- 
sition of  phanbo-tBtrathids,  t*b(CjafB)4i  "but  in  most  of  its  compounds  it  is 
bivalent,  forming  only  one  chloride,  J'bCU,  with  corresponding  iodide, 
bromide,  and  nuorido.  II  forms  aim  the.  corresponding  i>j;idc,  I'JjO.  iogothor 
with  a  lower  oxide,  Ph20,  and  three  higher  oxides,  l'h304,  Pb4Os,  andPbO*. 
Lead  is  allied  to  barium  and  strontiuai  hy  isomorphism  of  its  sulphate  with 
the  sulphates  of  barium  ami  si  ronr.ium,  and  to  silver,  1  h allium,  and  mercury 
by  the  sparing  solubility  of  its  chloride,  which  is  precipitated  by  hydro- 
chloric acid  from  aohiiir.ua  of  loud  salts. 

4.  Zirconium  forms  a  tetrachloride,  Zrt-1,,  and  11  dioxide,  Zr02.  Aluminium 
is  inferred  to  be  t.otradie  from  its  analogy  to  iron  in  the  ferric  compounds, 
but  it  forms  only  one  class  of  sails  in  w  iiich  it  is   apparently  trivalent,  the 

A1C1,  0=A1 

chloride  being  A1.CL  =  I        ,  and  the  oxide  ■        I  >0.      Aluminium  and 

A1C1,  0  =At 

zirconium  belong  to  (he  class  of  can  h-mclals,  and  Hull  be  described  in  con- 
noct.ien  with  them. 

5.  The  Iran  grony  comprises  iron,  nimiff/m^-'.  /:nw//t,  nidrl,  vrtmhtm,  cerium, 
and  indium.  The  atomicity  of  these  incials  has  already  been1  discussed. 
N't :>'l'::/ '■'■■■  iiirms  a  chloride  of  smnowdiat  doubtful  oomposit.ieu,  in  which  it 
is  apparently  seplivalejit :  but   the  rest  do  not  form  any  compounds  wii.li 
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monad  elements  in  which  they  exhibit,  an  equivalent,  value  greater  than  i. 

Al!  these  metals  decompose  water  :ti  liijili  temperatures.  N-xkd  and  cobalt 
are  magnetic,  like  iron,  and  their  stilts  are  is-omorphous  with  the  cor- 
responding iron  compounds.  Indium  is  a-very  rare  metal,  which  has  been 
hut  imperfectly  examined.  lint  it.  probably  belongs  to  the  same  group. 

Class  V. — Pentad  Metals.- — 1.  Arsenic  ftml  uhHihqwi  form  trichlorides  and 
pentachlorides  analogous  to  those  .if  phosphorus-,  also  the  corresponding 
oxides.      Bismuth    forms   a   volatile    trichloride,    and   a  di  chloride,    BiaCI4, 

BiCl, 
or        I        .      Vanadium  was  formerly  supposed  to   belong   to  the  tungsten 

BiCls 

group,  but  it  has  lately  been  shown,  to  be  a  pentad.  Its  chlorides  are  not 
known,  hut  it  forms  an  o.xychlondo,  V(K'.!3.  anahi.mus  to  phosphorus  oxy- 
chloride;  also  the  oxides,  Y..i>5  ninl  V,05,  analogous  to  tbose  of  phosphorus 
and  arsenic,  the  laKer  yielding  a  scrie.-'  of  stills,  the  vanadates,  isoniorphous 

2.    Tantalum  in  I  ll     l  tit  i      line  latch  been 

shown  by  Marianne  lo  lin'iti  pcniaohlorides  ami  t t oxides.      The  oxides  of 

the  pentad  metals  are,  for  the  must  pari,  of  acid  character. 

Class  VI. — ITexad  Metals. —  1.  Chromium  forms  a  hcxiluoride,  CrPe,  and 
a  corresponding  oxide,  <'.v(.)3.  It  likewise  Conns  two  series  of  com  pounds, 
in  which  it  exhibits  lower  decrees  of  equivalence,  vis.,  (he  chromic  com- 
pound.- analogous  to  ilte   ferric  compounds,  in  which   it.   is  apparently  iri- 

Cr">  CI, 
valeat,  but  really  quadrivalent. :   e.  v.,  chromic  chloride.  Cr. 01,  or    I  , 

<V"  Cls 
and  I'r.u  chromous  compounds,  analogous  *o  thn  ferrous  com  noun  us.  in  y,  hi  ell 
it  is  bivalent,  e.g.,  Cr"Clj,  Cr"0. 

2.  Tungsten  forms  a  he^chloride,  1V('16.  and  the  corresponding  oxide, 
WOa.  Molybdenum  is  not.  known  to  form  a  chioride  higher  than  MuCl4,  but 
its  trioside,  MoOj,  is  known ;  and  front  tlte  general  similarity  of  the  tung- 
sten and  molybdenum  compounds,  i  lie  I  at  lev  metal  is  infer  red  to  the  hexadie. 

The  metals  of  the  alkalies  mid  alkaline  earths,  on  account  of  their  inferior 
speeiho  gravity,  are  often  oalicti  liylil  metal.::;   tiie  others,  lieacy  metals. 


From  HC1      arc  derived  m on. ichlo rides  like  KG 
"     HjCl2  "  dichlorides  "     Ba"Clj 

"      H3C1S  "  triohlorides        "    AuC), 

"      HjCI,  "  tetrachlorides     "     Sn"Clj,  &c.  &c. 

Hydrochloric  acid  may,  in  fact,  bo  regarded  as  the   type  of  chlorides   in 
general. 

Several  chlorides  occur  as  natural  products.  Sodium  chloride,  or  com- 
mon salt,  occurs  in  enormous  quant i'ics,  both  in  the  solid  slate  as  rock-salt, 
and  dissolved  in  sea- wafer,  and  in  the  wafer  of  rivers  and  springs.  Po- 
tassium chloride  occurs  ill  the  same  fonns,  but  in  smaller  quantity  ;  the 
chlorides  of  lithium,  ciesium,  rubidium,  ami    thallium  also   occur  in  small 
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o,u:v.;uies  in  oeriiiir.  sprint?  witters.  Mcreurous  ^hl-iri'.lc,  llg./'l.,,  iitui  silver 
chloride,  AgtU.  occur  as  ttat.nra.1  minerals. 

1.  Chlorides  are  generally  prepared  by  raic  or  other  of  the  following 
processes :  1.  By  in: I  ing  upon  the  metal  «i1  li  chlorine  gas.  Antimony  pen- 
tachloride  and  copper  dieiiloridc  ii'c  ex  amnios  of  chlorides  sometimes  pro- 
duced in  this  manner.  The  chlorides  of  gold  and  platinum  are  usually  pre- 
pared by  acting  upon  the  metals  with  nascent  chlorine,  developed  by  hydro- 
chloric and  nitric  acida.  Sometimes,  on  the  other  hand,  the  metal  is  in  a 
nascent  state,  as  when  titanic  chloride  is  formed  by  passing  a  current  of 
chlorine  over  a  heated  miv.turc  of  charcoal  and  i.it-sLiiits  oxide.  The  chlo- 
rides of  aluminium  and  chromium  may  In:  obtained  by  similar  processes. 

i.  Chlorine  gas,  by  its  action  upon  metallic  oxides,  drives  out  the  oxygen, 
and  unites  with  the  respective  metals  lo  form  chlorides.  This  reaction 
sometimes  takes  place  at  ordinary  t.emperat  arcs,  as  is  the  case  with  silver 
oxide;  sometimes  only  at  a  rod  heat,  as  is  the  case  with  the  oxides  of  the 
alkalies  and  alkaline  earth -metal  a.  The  liyilrules  and  carbonates  of  these 
last  metals,  when  dissolved  or  suspended  in  hoi  water  and  treated  with  ex- 
cess of  elilorinc,  arc  converted,  chicily  into  oldoridts,  partly  into  chloratea. 

3.  Many  metallic  chioi-ides  are  prepared  by  aciing  upon  the  metals  with 
hydrochloric  acid.  Zinc,  cadmium,  iron,  nickel,  cobalt,  and  tin  dissolve 
readily  in  hydrochloric  acid,  with  liberation  of  hydrogen  ;  copper  only  in 
the  strong  boiling  acid;  silver,  mercury,  palladium,  platinum,  mid  gold, 
not  at  all.  Sometimes  the  metal  is  substituted,  not  for  hydrogen,  but  for 
somo  other  metal.  Stannous  chloride,  f"r  instance,  is  frequently  made  by 
distilling  metallic  tin  with  mercuric  chloride;  thus:  Jllg(Jls -J- 8na  =  2SnCl, 

4.  By  dissolving  a  metallic  oxide,  hydrate,  or  carbonate  in  hydrochloric 

All  monoehlnritlos  mid  diehlorides  are  soluble  in  water,  excepting  silver 
chloride,  AgCl,  and  mereurous  chloride.,  il&CL;  load  chloride,  1'bCl,,  is 
sparingly  soluble;   these  three  chlorides  are  easily  formed  by  precipitation. 

Many  mentliie  chlorides  ili-solvc  also  in  alouhn'  and  in  ether. 

Most  monochlorides,  diehlorides,  and  trichlorides  volatilise  at  high  tem- 
pcrii'tires  without,  decomposition  :  the  hie-hot-  chlorides,  when  heated,  jdve 
oil'  part,  of  their  chlorine.  .Some  chlorides  which  resist  the  action  of  heat 
alone  arc  decomposed  by  ignition  in  the  air,  yielding  metallic  oxides  and 
free  chlorine:  this,  is  I  hi;  case  -.villi  the  diehlorides  of  iron  and  mmit:aneso; 
hut  most  diehlorides  remain  undecom posed,  even,  in  lids  case.  All  metallic 
chlorides,  excepting  those  of  the  alkali-meials  and  earth-metals,  are  de- 
composed at  a  red  heat,  by  hydrogen  ga.s.  wit.li  formation  of  hydrochloric 
acid:  in  this  way,  merit  I  lie  iron  may  he  obtained  in  fine  cubical  crystals. 
Silver  chloride  placed  in  contact,  -.villi  metallic  zinc  or  iron,  under  dilute  sul- 

Ehuric  or  hydrochloric  acid,  is  reduced  to  (he  metallic  stale  by  the  nascent 
ydrogon. 
Sulphuric,  phosphoric,  baric,  and  arsenic  acids  decompose  most  metallic 
chlorides,  sometimes  at  ordinary,  sometimes  at  higher  temperatures.  All 
metallic  chlorides,  heated  with  iend  dioxide  or  manganese  dioxide  and  sul- 
phuric acid,  give  off  chlorine,  e.  g. : 

3,rrs  =   SO/Ta,   +   SO.Mn   -f  20HS  -|-  Cl2. 


Chlorides  distilled  with  sulphuric  acid  and  potassium  chromate,  yield  a 
dark  bluish-red  distillate  of  chromic  oxyehloride.  Some  metallic  chlorides 
are  decomposed  by  wain:  fovmiiut  hvdrochlunc  acid  it  ltd  an  oxychloride, 
e.  g. ;  J5iCla  +  OIia         211C1  +  BiClO.      The  chlorides  of  antimony  and 
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chlorides;  bromides. 

Flaunous  chloride  are  decomposed  in  a   similar   insulin 
rides  give  with  solution  of  silver 

ride,  easily  soluble  in  ammonia,  insoluble  in  nitric  acid.  Witli  mercurous 
nitrate,  they  yield  a  white  curdy  precipitate  of  mercurous  chloride,  black- 
ened by  ammonia;  and  with  Imd-saUs,  not  too  dilute,  a  white  crystalline 
precipitate  of  load  chloride,  soluble  in  exerts  of  water. 

Metallic  chlorides  unite  with  each  other  and  with  the  chlorides  of  (lie 
n on- metallic  elements,  forming  sunl  compounds  as  potassium  ohloromerou- 
rate,  2KCl.HgCl„  sodium  ehloroplatinnto,  i.VaOl.l'K.:!,,.  potassium  chlorio- 
date,  KC1,IC13.  &e.  .Metallic  chlorides  combine  in  definite  proportions  with 
ammonia  and  organic  ba.se.s  ;  the  chlorides  of  platinum  form  with  ammonia 
the  compounds  l!Nr13PU'L,  4\II:!.VIC1.,.  -Ml,.  I'll'!,,  and  -IrlHj.PtCl,;  mer- 
curic chloride  forms  with  aniline  the  compound  Ut'^TLN.llgCl,,  &e. 

Chlorides  also  unite  with  ..sides  and  sulphides.  tVj j-jniiig  iiziji-iilnnd.es  and 
oxys.itlpltidzs,  which  may  ho  regarded  a*  chlorides  having  part,  of  their  chlo- 
rine replaced  by  an  equivalent  quantity  of  oxygen  or  sulphur  (ClsbyO  or  S). 
Siisiiimh,  fi'-r  example,  forms  .in  oxvchlorido  Ui.vln;::  the  oomiio-ttion  lii'"l".0 
or  iiiC'l,..HiaOj. 

Bromides.  — Tlt'omiiio  unites  directly  with  most  metals,  forming  com- 
pounds analogous  in  composition  to  the  chloiides,  and  resembling  them  in 
most  of  their  properties.  The  bromides  of  the  alkali-murals  occur  in  sea- 
water  and  in  many  saline  springs;  silver  bromide  occurs  as  a  natural 
mineral.  Nearly  all  bromides  are  soluble  in  water,  and  may  be  formed  by 
treating  an  oxide,  hydrate,  or  carbonate,  with  hyurobrouiie  acid,  the  solu- 
tions when  evaporated  giving  eif  writer  for  the  most  parr,  and  leaving  a 
solid  me  till  lie  bromide  ;  some  of  I  hum,  however,  namely,  the  br;  untiles  of 
magnesia  m,  aluminium,  aud  the  other  earth-metals,  tire  more  or  less 
decomposed  by  evaporation,  giving  off  hydrobroioic  a.oid,  and  leaving  a 
mixture  of  metallic  bromide  atsd  oxide,  Silver  bromide  and  mereurous 
bromide  are  insoluble  in  water,  and  lead  bromide  is  very  sparingly  soluble; 
these  are  obtained  by  precipitation. 

Metallic  bromides  are  solid  at  ordinary  temporal tires;  most  of  them  fuse 
at  a  moderate  heat,  and  volatilise  at  higher  temperatures,  The  bromides 
of  gold  and  platinum  are  decomposed  by  move  exposure  to  heat;  many 
others  give  up  their  bromine  when  heated  in  contact  with  tho  air.  Chlo- 
rine, with  the  aid  of  heat,  drive;  out.  the  bromine  and  converts  them  into 
chlorides.  HydroiJdonc  m-id  also  decomposes  i.Hcru  at  a  red  .heat,  giving  off 
hydrobromic  acid.  Strong  iudphurk  or  mirie  ttrid  decomposes  them,  with 
evolution  of  hydro brrunio  acid,  whirl!,  if  the  sulphuric  or  nitric  acid  is  con- 
centrated and  in  excess,  is  partly  decomposed,  with  separation  of  bromine 
and  formation  of  sulphurous  oxide  or  nitrogen  dioside.  Bromides  heated 
with  sulphuric  aei/l  and  nuvijititst  t/iar.iuc  oe  jiuiastiiwu  c-hromate,  give  off  free 

Bromides  in  solution  are  easily  decompose:!  by  ej-.lorine,  cither  in  the 
form  of  gas  or  dissolved  in  water,  the  liquid  acquiring  a  red  or  reddish- 
yellow  color,  according  to  the  quantity  of  bromine  present;  and  on  agitat- 
ing the  liquid  with  ether,  that  liquid  dissolves  the  bromine,  forming  a  red 
solution,  which  rises  to  the  surface. 

Solublo  bromides  give  with  .nlfi-r  nitrnte.  a  white  precipitate  of  silver 
bromide,  greatly  resembling  the  chloride,  but  much  loss  soluble  in  am- 
monia, insoluble  in  hot  nitric  acid,  Mdcunnis  nhrmr-  produces  a  yellowish- 
white  precipitate :  and  land  azcialc,  a  white  precipitate  much  less  soluble 
in  water  than  the  chloride,  ral.Udium  iniratt  produces  in  solutions  of 
bromides  not  containing  chlorine,  a  black  precipitate  of  bromide.  Pal- 
ladium chloride  produces  no  precipitate;  neither  doerj  the  nitrate,  it' 
soluble  chlorides  are  present. 
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liromides  unite  wit.Ii  each  other  in  the  same  manner  as  chlorides;  also 

■with  oxides,  sulphides,  and  ammonia. 

Iodides.  —  These  compound*  are  obiaiued  by  processes  similar  to  those 
v.  inch  yield  the  chlorides  Mini  bromides.  Many  rm;  i.;l  Is  sin  i  id  ..lirccrHy  ivii.li 
iodine.  Potassium  and  sodium  iodides  exist  in  sea-water  and  in  many  salt 
springs:   silver  iodide  occurs  as  a  nam  nil  mineral. 

Metallic  iodides  are  analogous,  to  the  liromides  and  chlorides  in  compo- 
sition and  proper:  ies.  Hut.  few  of  them  are  decomposed  by  heat  alone ; 
the  iodides  of  gold,  si  Ivor,  platinum,  and  palladium,  however,  give  up  their 
iodine  when  heated. 

Most  me  tall  ie  iodides  are  perfectly  soluble  in  water-;  but  lend  iodide  is 
very  slightly  soluble,  and  the  iodides  of  mercury  and  silver  are  quite  in- 
soluble. 

Solutions  of  iodides  ova  porn  ted  out  of  contact  of  air,  generally  leave 
anhydrous  metjillie  iodides,  which  partly  separate  in  the  crystalline  form 
before  the  water  is  wholly  driven  off.  The  iodides  of  the  earth -metals, 
however,  are  resolved,  on  evaporation,  inlo  the  om id liy  oxides  and  hydri- 
odic  acid,  which  escapes,  A  very  smail  quantity  of  chlorine  colors  the 
solution  yellow  or  brown,  by  partial  decomposition;  and  a  somewhat 
larger  quantity  lakes  up  the  whole  of  I  lie  mcial,  forming  a  chloride,  and 
separates  the  iodine,  which  then  gives  :i  bleu  color  with  starch;  a  still 
larger  quantity  of  chlorine  give.-  I  he  liquid  a  paler  color,  and- converts  the 
separated  iodine  into  trichloride  of  iodine,  which  does  not  give  a  blno 
color  with  starch,  and  frequently  enters  inlo  combination  ivilh  the  metallic 
chloride  produced,  Strong  :-a'/,/uua:  add  and  some wh at  concentrated  nitric 
acid  color  the  solution  yellow  or  brown  ;  and  if  the  quantity  of  the  iodide 
is  large,  and  the  solution  much  concent:::  led  or  healed,  they  liberate  iodine, 
which  partly  escapes  in  violet  vapors.  March  mixed  with  the  solution, 
even  if  it  be  very  dilute,  is  turned  blue  —  permanently,  when  the  decom- 
position is  effected  by  sulphuric  acid:  for  a  lime  only  when  ii  is  effected 
by  nitric  acid,  especially  if  that  acid  he  added  in  large  quantity. 

The  aqueous  solution  of  an  iodide  gives  a  brown  precipitate  with  salts 
of  bismuth;  orange-veil ow  with  lead-salt-:  dirty-whiie  with  cuprous  salts, 
and  also  with  cnjn-a-.  sails,  esprcia'.ly  on  the  addition  of  sulphurous  acid  ; 
greenish-yellow  with  iiicrum.u-s  salts  ;  scarlet  with  narcaHc  salts  ;  yellowish - 
while  with  .!i< <</::■  sails;  lenion-yeliow  with  i/old  salts  ;  brown  with  plariuic 
salts  —  tirsl,  however,  turning  lite  liquid  dark  brown-red;  and  blaeli  with 
salts  of  putt'.itiiuni,  even  when  extremely  dilute.  All  these  precipitins 
consist  of  tiieiaKic  ioili'les,  many  of  itiem  soluble  in  excess  of  the  soluble 
iodide  :  the  silver  precipitate  is  is:  soluble  in  nitric  acid  and  very  lit  I  It;  sol- 
Metallic  iodides  unite  with  one  a  no:  her.  fo.-miiig  doable  iodides,  analogous 
to  the  double  chlorides  ;  they  also  absorb  ammonia  gas  in  definite  propor- 
tions. Home  of  llietn,  as  t.liose  of  antimony  and  tellurium,  unite  will:  lite 
oxides  of  thocorrespouding  metals,  forming  oxyiodides. 

Fluorides.  —  These  compounds  are  formed:  1.  By  heating  hydrofluoric 
acid  with  certain  metals.  —  '2.  By  the  action  of  that  acid  on  metallic  ox- 
ides. ■■  —  3.  1  >  V  heat  ins;  elect  re- nesiaiivo  metals  ■■■  antimony,  for  example  — 
with  fluoride  of  lead  or  iluorido  of  mercury.  —  I.  Vol  a  I  ile  metallic  fluorides 
may  be  prepared  by  heating  fluor  soar  v.iih  sulphuric  acid  and  the  oxide 
of  the  metal. 

Fluorides  have  no  metallic  lustre;  most  of  them  are  easily  fosiii'.e.  ami 
for  the  most  part,  resemble  lite  chiorides.  'J'lieyare  not  decomposed  by 
ignition,  either  alone  or  when  mixed  with  charcoal.  When  ignited  in  contact. 
With  the  ail',  in  a  flame  which  contains  aqueous  vapor,  many  of  them  are 
converted  into  oxides,  while  the  fluorine  is   "jven  off  as  hydrofluoric  acid. 
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1  by  chlorine  and  converted  into  chlorides, 
il  by  phospkiirir  nxkk.  unless  silica  is  present.  They 
a  gentle  beat  by  stn.nu!  .-■,■■■'. ■..■■,« ..-,■',!  ar.td,  with  formation  of 
a  metnllic  sulpbar.o  ami  evolution  of  hydrofluoric  acid. 

The  fluorides  of'  tin  and  silver  are  easily  soluble  in  water;  those  of  po- 
tassium, sodium,  and  iron  are  sparingly  soluble;  ilu.se  of  strontium  and 
cadmium  very  slightly  soluble,  and  [lie  rest  insoluble.  The  solutions  of 
ammonium,  potassium,  and  sodium  fluoride  Lave  an  alkaline  reaction.  The 
aqueous  solutions  of  fluorides  corrode  jduss  vessels  in  which  they  are  kept 
or  evaporated.  They  form  vyir.b  soluble  c-aleiiim-aalia  a  precipitate  of  cal- 
cium fluoride,  in  the  form  of  a  transparent  jelly,  wbieh  is  scarcely  visible, 
because  its  refract  ivo  power  is  nearly  the  same  as  thai  ef  the  liquid;  the 
addition  of  ammonia  makes  it  plainer.  This  precipitate,  if  it  does  not 
contain  silica,  dissolves  wi'.li  uiilb-iiliy  in  hydrochloric  or  nitric  acid,  and 
is  re-preoipitatcd  by  ammonia.  The  aqueous  fluorides  give  a  pulverulent 
preeipilaio  wiTii  lead  acetate. 

The  fluorides   of  antimony,    arsenic,    chromium,     mercury,  niobium,  os- 

deeomposition. 

Fluorine  has  a  great  tendency  to  form  double  sal's,  consisting  of  a  fluo- 
ride of  a  basic  or  positive  metal  united  with  the  fluoride  of  hydrogen, 

boron,  silicon,  tin,  titanium,  zirconium,  &c,  e.g.: 

Potassium  hydrofluoride  .         .         .    KHP2    =  KF.HP. 

Potassium  borofluoride     .  .  .  KBF4'     =  KF.15F9. 

Potassium  silicofbioride  .  .  .     K;SiFs   =  2KF.SiF4. 

I'otassium  titanotluorido  .  .  .  K,Til'(  =  2KF.TiF4. 

Potassium  staniiofluoride  .  .  .     K^SuF,.  =  2KF.SnF4. 

Potassium  ziroofluoride     .  .  .  K,2rl't  —  2.KK.ZrF4. 

The  four  classes  of  compounds  just  described,  the  cliluridcs,  bromides, 
iodides,  and  fluorides,  form  it  croup  often  designated  as  hahM  com/ioiinih  ot 
haloid*  salts,  from  their  aim  logy  to  sodium  chloride  or  sea.-salt,  which  may 
be  regarded  as  a  type  of  them  all.  The  elements,  chlorine,  bromine,  iodine, 
and  fluorine,  are  called  halogens. 

CyanidBi.  —  Closely  related  to  these  haloid  compounds  arc  the  cyanides,. 
formed  by  the  union  of  metals  with  the  51'uup  L'N,  oyano-eii,  wliicli  is  a 
iiiotiatoiuio  radical  deme-d  from  the  saturated  luoLocuie,  (!ivN"-'H  (hydrocy- 
anic  acid),  by  abstraction  of  H. ;  in  short,  the  cyanides- may  be  regarded  as 
ohiorides'havlri;;  the  element.  IU  replaced  by  lite  compound  radical  ON. 

Some  metals  —  potassium  a.mong  the  number  — are  converted  into  cyanides 
by  heating  them  in  cyanogen  gas  or  vapor  of  hydrocyanic  acid.  The  cya- 
nides of  the  alkali-melals  are  also  formed  (together  with  cyanatcs)  by  pass- 
ing cyanogen  gas  over  the  heated  li  yd  rules  or  carbon  rites  of  the  same  metals; 
potassium  cyanide  also,  by  passine;  nitrogen  ga.s  titer  :i  mixture  of  charcoal 
and  hydrate  or  carbonate  of  potassium  at  a  bri«;bl-red  beat.  Cyanides  are 
formed  abundantly  when  till voltc! ions  organic  compounds  are  heated  with 
fixed  alkali.      Other  modes  of  formation  will  be  mentioned  hereafter. 

The  cyanides  of  rite  alkali-  metals  anil  of  lis  rime,  strontium,  calcium,  mag- 
nesium, and  mercury,  are  soluble  in  water,  and  may  be  produced  by  treat- 
ing the  correspond! lie;  oxides  or  iiydrut.es  wiib  hydrocyanic  acid.  Nearly 
all  other  metallic  cyanides  are  insoluble,  and  are  obtained  by  precipitation 
from  the  soluble  cyanides. 

The  cyanides  of  the  alkali-metals  sustain  a  red  heat,  without  decomposi- 
tion, provided  air  and  inoisluve  be  excluded.      The  cyanides  ef  many  of  the 
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heavy  metals,  as  load,  iron,  cobalt,  nickel,  ;i ml  topper,  under  these  circum- 
stances, give  off  .'ill  their  nitrogen  as  gas,  anil  leave  a  metallic  carbonate; 
mercuric  cyanide  is  resolved  into  mercury  and  oyanugen  gap;  a ilver  cyanide 
gives  off  half  its  cyanogen  as  gas.  Must  cyanides,  v.iini  heated  with  dilute 
acids,  give  off  their  e;, : l  1 1  ;.;?:■:■. 1 1  as  nydroc  vanio  acid. 

Cyanides  have  a  strong  tendency  to  unite  with  one  another,  forming 
ilu,i'"ilc  c,™ it/'/™.  'I'h«  most  important  of  these  are  (he  double  cyanides  of 
iron  and  potassium,  namely,  p/ihiMM-fcri-mi.i  <:</um.-t<  r'o-'-'h.,:  ('Ni6.  commonly 
called  yellow  prussiato  of  potash  ;  and  ■p,-,i,:i.^io-iir/-ir  fi/umde,  Fe"/K3(CN >B. 
commonly  called  red  prussiut.c  of  potash.  Both  those  are  .splendidly  crys- 
talline Balls,  which  dissolve  easily  in  v.-atcr,  anil  form  highly  characteristic 
precipitates  with  many  metallic  sails.  Those  salts,  with  the  other  cyanides, 
will  be  more  fully  described  under  ''Organic  Chemistry;"  "but  they  are 
mentioned  here,  on  account  of  their  frequent  use  in  ihc  qualitative  analysis 
of  metallic  solutions. 

Oxides.  — All  morals  combine  with  oxygen,  anil  most  of  them  in  several 
proportions.  In  almost  all  cases,  oxides  a.re  formed  oorresponding  in  com- 
position to  the  chlorides,  our  alom  of  oxygen  t iikEu ji-  [he  plaee  of  two  atoms 
of  chlorine.  Many  metals  also  form  ok  ides  lo  which  no  chlorine  analogues 
are  known;  thus,  load,  which  forms  only  one  chloride,  PbCl2,  forms,  in 
addition  to  the  monoxide,  1'bO,  a  dioxide,  1'bO.,,  beside?  oxides  of  interme- 
diate composition;  osmium  also,  the  highest  chloride  of  which  is  OsCl,, 
forms,  in  addition  to  the  dioxide,  a  trioybio  and  a  lei  roxtde.  This  arista 
from  the  fact  that  any  number  <.f  mnuis  of  oxygen  or  other  dyad  element 
may  enter  into  a  compound  without  disturbing  1  he  bii'.auce  of  equivalency 
(p.  285). 

Just  as  chlorides  are  dor.vcd  by  substitution  from  hydrochloric  acid,  HC1 
(p.  304),  so  likewise  may  osides  be  derived  from  one  or  more  molcculea  of 
water,  11,0;  but  as  the  molecule  of  water  contains  two  hydrogen-atoms,  the 
replacement  of  the  hydrogen  may.  as  already  explained  {p.  223),  be  either 
total  or  partial,  the  product  in  the  firs!  case  being  an  anhydrous  metallic 
Oxide,  and  in  the  second  a  h  yd  rated  oxide  or  hydra  to,  in  which  the  oxygen 
is  associated  both  v;il  h  .hydrogen  and  with  Metal ;  in  this  manner  the  fol- 
lowing hydrates  and  anhydrous  oxides  may  be  constituted: 

Type,  Hydrates.  Oxides. 

HaO    .  .  .     KHO     .  .  .  .     K,0 

Ba"0 
H4Os        .         .         Ba"lT502  .         .         .         SnfvOa 


H10Os Sb'sO(. 

It  may  be  observed  that  the  hydrates  of  artiad  metals  c. 

menta  of  a  molecule  of  the  eorrcspondin     -  -  '-     ' 

more  molecules  of  water;  thus: 

Barium  hydrate        ....         Ba"II,0,  =  Ba"O.H,0 
Stannic  liydrato  ....     Sn"H,0,  ■=  Snt'0,.H,0 

Zirconium  hydrate  .  .  .  .  Zr>*H,04  .-=■  Zr'M>a.2IlaO. 

But  the  hydrate  of  a  perissad  a. oral  cunkins  in  lis  molecule  only  half  the 

number  of  atoms  required  to  make  op  a  molecule  of  oxide  together  with  a 

molecule  of  water;  thus: 

Potassium  hydrate  .  .  .     KHO  =s  J  (K.O.JI./>| 

Bismuth  hydrate  ,  ...  Bi'"HOs  ,--   l  (Ri"-',^.  if/)) 

Araonjc  hydrate     ,  As'HO,      =  J  (Asy^-HjO). 
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Those  perissad  hydrate,;  cannot,  therefore,  be  correctly  regarded  as  com- 
pounds of  anhydrous  oxide  and  water. 

Many  metallic  oxides  occur  as  natural  minerals,  and  some,  especially 
those  of  iron,  tin,  and  cupper,  in  large  uuanliiics,  forming  ores  from  which 
the  metals  are  extracted. 

AU  metals,  except  ii. ■  "j  1  ■  1 .  platinum,  iridium,  rhodium,  mid  ruthenium,  are 
capable  of  uniting  diced  jy  w;;h  oxygen. '  Hume,  as  potassium,  sodium,  and 
barium,  oxidiae  rapidly  on  exposure  to  the  air  at.  old: nary  temperatures, 
and  decompose  water  with  energy.  Most  metals,  however,  when  in  the 
massive  state,  renuiiu  pcrlccily  hriglu  ;unl  unacted  on  in  dry  air  or  oxygen 
gas,  but  oxidize  slowly  when  moisture  is  present;  such  is  the  ease  with 
iron,  line,  and  lead.  Some  of  the  ordinarily  permanent  metals,  when  in  a 
very  finely  divided  state,  as  lead  when  obtained  by  ignition  of  its  tartrate, 
and  iron  reduced  from  its  oxide  by  igniiion  in  hydrogen  gas,  take  fire  and 
Oxidize  spontaneously  as  soon,  a-  ihcy  come  in  contact,  with  the  air.  Lead, 
iron,  copper,  and  r.he  volatile  moials,  arsenic,  antimony,  line,  cadmium, 
and  mercury,  are  converted  into  oxides  when  h mural  in  air  or  oxygen. 
Many  metals,  especially  at  a,  red  heat,  are  readily  oxidized  by  water  or 
steam.  Avery  general  method  o!  prcpa.riug  metallic  oxides  is  to  subject 
the  corresponding  hydrate,  carbonates,  nitrates,  sulphates,  or  any  oxygen- 
salts  foinnLuiiijr  vdbililt:  acids,  to  the  action  of  heat. 

Oxides  are  for  the  most  pari  opaque  cjit'iJiy  belies,  destitute  of  metallic 
lustre.  The  majority  of  thein  are  fusible;  those  of  lead  and  bismuth  at  a 
low  red  heat;  those  of  copper  ami  iron  at  ji  'white  heat;  those-of  barium 
and  aluminium  before  the  oxy-hydrogen  blowpipe;  while  calcium  oxido 
(lime)  does  not  fuse  at  any  temperature  to  which  it.  has  yet  been  subjected. 
Oxides  are,  for  the  most  part,  much  less  fusible  than  the  uncombined 
motals.  Osmium  tetroxide,  and  the  tvioxides  of  arsenic  and  antimony, 
are  readily  volatile. 

A  greater  or  less  degree  of  heat,  oiled  s  I  lie  decomposition  of  many  me- 
tallic oxides.  Tliose  of  gold,  platinum,  silver,  and  mercury  are  reduced 
to  the  metallic  or  reguline  -'.ate  by  an  incipient  rod  heat.  At  a  somewhat 
higher  temperature,  the  higher  oxides  of  bni'iuni,  cobalt,  nickel,  and  lead 
are  reduced  to  the  state  of  monoxides;  while  Hie  in-metallic  tetrojddes  of 
manganese  and  iron,  Mns04  and  Fe304,  are  produced  by  exposing  manga- 
nese dioxide,  MnO„  and  iron  sosquioxidc,  rVaOa.  respectively  to  a  still 
stronger  heat.  JJy  gentle  ignition,  arsenic  penioxtdc  is  reduced  to  the 
state  of  trioxide,  ami  chromiuoi  Irioxide  io  sesquioxide. 

The  superior  oxides  of  tiie  metals  are  easily  reduced  io  a  lower  state  of 
oxidation  by  treatment,  '.vii.li  a  current  of  hydrogen  gas  at  a  more  or  less 
elevated  temporature.  At  a  higher  degree  el  heat,  hydrogen  gas  will  trans- 
form to  the  regit  line  stale  nil  metallic  oxides  except  the  sesquioxides  of 
aluminium  and  chromium,  and  the  monoxides  of  manganese,  magnesium, 
barium,  strontium,  calcium,  lithium,  sodium,  ami  jioiassium.  The  temper- 
ature necessary  to  enable  hydrogen  to  cllce;  the  decomposition  of  some 
oxides  is  comparatively  low.  Thus  even  metallic  iron  maybe  reduced 
from  its  oxides  by  hydrogen  gas  at  a  heat  considerably  below  redness,  so 
as  to  form  an  iron  pyrophorus.  Carbon,  at  a  red  or  while  heat,  is  a  still 
more  powerful  deoxidating  agor.t  Mian  hydrogen,  and  seems  to  bo  capable 
of  completely  reducing  all  metallic  oxides  whatsoever.  The  oxidizable 
met  ills  hi  general  act  as  reducing  a.gents. 

Chlrtrhw.  decomposes  all  metallic  oxides,  except  those  of  the  earth -met  alp, 
converting  them  into  chlorides,  and  expelling  the  oxygen.  With  silver 
oxide  this  reaction  lakes  place  at  ordinary  leiiirieia.tures ;  with  the  alkalies 
and  alkp.line  earths,  at-  a  full  led  heat.  H'dphur,  al  high  temperatures,  can 
deaomposc  most,  metallic  oxides.  Willi  many  oxides,  those  of  silver,  mer- 
cury, lead,  and  copper,  for  instance,  melaliie  sulphide*  and  sulphur  diox- 

Hcstec  by  GoOgk 


280  CHEMISTRY    OF    THE    METALS. 

idc  are  produced.  Willi  the  highly  bastions  oxides.  I  lie  products  are  mo- 
tallic  sulphate  and  sulphide.  There  are  some  oxides  upon  which  sulphur 
exerts  no  action.  Of  these  the  principal  a  to  i::aanesia.  alumina,  chromic. 
stannic,  and  titanic  oxides,  .By  hoiling  sulphur  with  soluble  hydrates, 
mixtures  of  polytiulphido  and  hyposulphite  arc  produced.  With  the  ex- 
ception of  magnesia,  alumina,  and  chromic  oxide,  most  metallic  oxides  can 
absorb  sulphuretted  hydrogen,  to  form  inelallie  .sulphide  or  sulph-hydrate, 

Oxygen-salts,  or  Oxysalts. —  II.  has  het.m  a'n-ady  exp'nined  in  the  chapter 
on  Oxygen  (p.  l.'iS'j,  iliar  e sides  may  he  divided  into  11 1 roe  classes,  neid,  neu- 
tral, and  basic;  I  he  tirst  and  I  Idrd  being  capable  of"  uniting  with  one  another 
in  definite  proportions,  and  forming  compounds  culled  salts.  The  most 
characteristic  of  the  acid  o  sides  are  those  of  certain  met  ail  ok)  s,  as  nitrogen, 
sulphur,  ami  pluHpiiorus,  winch  unile  readily  with  water  or  the  elements 
of  water,  forming  (jotu)ioumls  called  tiyyi.fii-rir.i'is,  distinguished  by  sour 
taste,  solubility  it.  water,  and  (lie  power  id'  reddening:  certain  vegetable 
blue  colors.  The  most  characteristic  of  the  basic  ostdes,  on  the  oilier 
hand,  are  those  of  the  alkali-metals  and  alkaline  earth-metals  (p.  271). 
which  likewise  dissolve  in  water,  but  form  alkaline  solid  ions,  |m.--essiiiti-  in 
an  eminent  degree  the  power  of  imu/rn/i'siiig  acids  and  forming  salts  vrilh 
them.  The  same  power  is  exhibited  more  or  less  by  the  monoxides  of  most 
other  una uls,  as  line,  iron.  eo[)|ier.  manganese,  Se,,  and  by  the  sosouioxiiics 
of  aluminium,  iron,  ohrcabuiu,  and  others.  The  higher  oxides  of  .several 
of  these  metals  —  the  Iriexide  of  chromium,  tor  example  —  exhibit  acid 
characters,  being  capable  of  fur::: ins  sub-  with  the  more  basic  oxides ;  and 
some  metals,  as  arsenic,  uuiir-.ony,  niobium,  at:a  tantalum,  form  only  acid 
oxides. 

In  some  eases  sails  are  formed  by  the  direct  combination  of  an  acid  and 
a  basic  oxide.  Thus,  when  vapor  of  sulphuric  oside,  K05,  is  passed  over 
re ti- hot  barium  oxide,  UaO,  the  two  combine  together  and  form  barium- 
sulphate,  SO,.Ba()  or  SO,lia.  Silicic  oside.  Sill,,  phosphoric  oxide,  P 20S! 
arsenic  oxide,  Asa05.  baric  oxblo,  1U"),.  and  other  acid  oxides  capahle  of 
withstanding  a  high  let^perature  wi'm.in  decomposing  or  volatilising,  like- 
wise unite  with  basic  oxides  when  heated  with  Ibeni,  and  form  sails. 

But  in  the  majority  of  cases  metallic  .salts  are  formed  by  substitution  or 
interchange  of  a  metal  for  hydrogen,  or  of  one  metal  for  another.  Jt  is 
clear,  indeed,  thai  any  mclallic  salt  i>iuc-sulplniie,  SOj.ZnO,  for  cxamplel 
may  be  derived  from  the  corresponding  acid  or  hydrogen-salt  (SOj.rl.jO) 
by  substitution  of  a  metal  for  an  equivalent.  i|iiatility  of  hydrogen.  Ac- 
"      action  of  an  acid 

SO.Zn"        -f-         H5. 

Zinc  sulphate. 

2N03Ag         +         OH3 


(1) 

SO,H2 

nvtir.-iii-'i  i'lil 

(2) 

2N0aH 

ll..lf.i;'.v:i  :iih 

(*) 

rTO„H 

IIv.lriij;i:ii  r.it 

In  the  instances  represented  by  these  equations,  the  metallic  salts  formed 
are  soluble  in  water.  Insoluble  sails  are  frequently  prepared  by  inter- 
change of  the  metals  between  I  wo  si  liable  sails  ;   thus: 

(4)      (NO,}aBa"      +      SO.Na..     =      SO.Ba"       +      2N03Ns, 
Barium  nitrate.  Soilhmi  siilnlmtc.    Barium  sulphide.         Smliiim  nitrate. 

In  this  case  the  barium  sulphate,  being  insoluble,  is  precipiated,  while  the 
Sodium  nitrate  remains  in  solution, 
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In  all  these  reactions,  hydrochloric  acid,  or  -1  metallic  chloride,  might  be 
Substituted  for  Hie  oxygon-acid  or  oxygon-sa!t.  without  the  slightest  attera- 
tion  in  the  mode  of  action,  tliti  prod  i  to  I  formed  in  i.'aoli  case  being  a  chloride 
instead  of  a  nitrate  or  sulpatc ;  thus  : 

(1)'  2HC1  +  Zn"  =  ZnCl,  +            H9 

(2  '  2HCL  4-  OAg,  =  2AgCI  +  OH, 

hy          HC1  +  OKIl  =  KCI  +  OIIB 

(4)'          NOaAg  +  NaCI  =  ASC1  4-  N03Na. 

From  all  these  considerations  it-  appears  Mini.  oxygen-salts  may  be  re- 
pirli'il,  either  a'  00114  annuls  of  tie  id  o<ides  with  basic  oxides,  or  as  ana- 
logous in  composition   to  chlorides,  — that  is  to  say,  as  compounds  of  a 

HI,;!  ill  will!  a  ra.dical  oi-  groirp  of  elements,  fill  oil  lis  Ni  >j  (nif.-kmi:)  in  the  ni- 
trates, SO,  (aulpkionc)  in  the  sulphates,  discharging  functions  similar  to 
those  of  chlorine,  and  capable,  like  that  element,  of  passing  unchanged 
from  one  compound  to  another. 

For  many  years,  imbed,  i!  was  n-  subject  o^  disenssi.-o!  anioiijr  chemist.-! 
whether  the  former  or  the  latter  of  these  vior,-s  should  be  regarded  as  re- 
presenting the  tiautal  constitution  of  o\ygon-salts.  liorzelius  divided  salts 
into  tivo  classes:  (!}.  UuliM  mi's,  oompl'isiu;;,  as  already  mentioned,  the 
chlorides,  troinid.es,  iodides,  arid  fluorides.  wh:i;h  an;  compounds  of  a  metal 
with  a  monad  metallic  clemont.  (2).  Amphid  tails,  coiisisling  of  an  acid  or 
electro-negative  oxide,  sulphide,  solonide,  or  lolluride,  with  a  basic  or 
electro -positive  compound  of  tin;  same  kind;  such  as  potassium  arsenate, 
I'.,0-.->OK,;  potassium  stilphiti-seniite,  l'.Sr.riSk  ,;  potassium  seleniophosphate, 
l'.;Se,.'2,Seli2,  Ac. 

Davy,  on  the  oilier  hand,  observing  the  close  analogy  between  tho  reac- 
tions of  chlorides,  on  the  one  hand,  and  of  oxygon-salts,  such  as  sulphates, 
nitrates,  ha.,  on  the  other,  suggested  i  lm.1.  the  Inner  might  be  regarded, 
like  the  former,  as  compounds  of  morn  Is  with  acid  or  el  retro- negative  radi- 
cals, the  only  difference  being,  that  in  ihe  former  the  acid -radical  is  an 
elementary  batty,  CI,  lir,  H-c,  whereas  in  ihe  feriner  it  is  a  compound,  as 
SOt,  N03,  PO,,  &c.  This  was  called  [.lie  hhuirii  lharni  of  mils;  it  was  sup- 
ported by  many  ingenious  arguments  by  its  proposer  iiml  several  contem- 
porary chomists ;  in  later  years  also  by  l.icbig.  and  by  Daniell  and  Miller, 
who  observed  that  tho  mode  of  decomposition  of  salts  by  the  electric 
current  ia  more  iuisi.lv  represented  hf  tiiis  ihuorv  than  by  the  older  one 
(p.  2*7). 

At  the  present,  day,  the  relative  moriis  of  ihese  two  theories  are  not  re- 
garded as  a  point  of  very  great-  Importance.  Chemists,  in  fact,  no  longer 
attempt  to  construct  formula!  which  shall  represent  the  actual  arrange  merits 
of  atoms  in  a  compound,  Ihe  formula:  now  in  use  being  fat  tier  irit ended  to 
exhibit,  first,  the  balance  or  neutralization  of  the  units  ef  equivalency  or 
atomicity  of  the  several  elements  contained  in  a  compound  (p.  231);  and, 
secondly,  the  manner  in  whieh  any  compound  or  group  of  atoms  splits  up 
into  subordinate  groups  under  the  influence  of  different  reagents.  Accord- 
ing to  the  latter  view,  a  compound  containing  three  or  more  elementary 
atoms  may  be  represented  by  diiiererjl  fonnuhe  corresponding  to  the 
several  ways  in  which  it.  decomposes,  'thus  hydrogen  sulphate  or  sul- 
phuric acid,  SOJL,  tony  bo  represented  by  oil  tier  of  the  following  forrau- 

(1.)  80rllj.  which  represents  ihe  separation  of  hydrogen  and  formal  ion 
of  a  metallic  sulphate  by  ihe  aciion  of  /.inc.  i'.e.;  litis  is  the  formula  cor- 
responding lo  fat:  binary  tlieory  of  salts. 

(2.)  SOj.OHj.  This  formula  represents  the  formation  of  the  acid  by 
direct  hydration  of  sulphuric  oxide  :  the  separation  oi"  water  and  formation 

H05tee  by  G00gk 


282  CHEMISTRY  OF  THE  METALS. 

of  a  metallic  sulphate  by  the  aciioti  of  magnesia  and  other  anhydrous 
oxides;  and  the  separation  nl  ■udpburio  u.-iidi:  and  formation  of  phosphoric 
acid  by  the  action  of  phosphoric  oxide: 

SO..OH,   +    MgO   =    SOa.MgO   +    OH, 
S03OH2    -f   PaOs    =   P,0,.OH,   +    SO,. 

(3.)  SOj.OJTj,  or  SOjfOH),.  This  formula  represent s  such  reactions  as 
the  elimination  uf  hydrogen  dioxide  by  the  action  ul  barium  dioxide,  iia02. 

(i.)  Sri,  0,.  This  formula  represents  the  foniiarinii  uf"  sulphuric  acid  by 
direct  oxidation  of  hyilrogon  =u!]-,]iiJi;  ^TT2,  and  the  elimination  of  the  latter 
by  tho  aetion  of  ferrous  sulphide  : 

SH"2,04   +    FeS   =   S04Fe    +    SBS. 

Formulse  of  the  third  of  lliese  types,  like  .SO, (OH).,,  which  represent 
oxygen-acids  as  compounds  of  hydruxyl  with  certain  ueid  radicals,  as  SO," 
(sulphury!),  CO"  (cariionyl),  l.H)'"  (phosphory!),  &c,  correspond  to  a 
great  Tariety  of  reactions,  timl  tire  of  very  frequent,  use.  They  exhibit  in 
particular  the  relation  of  tlm  o\y jreii -acids  lliydi-osylntcaj  to  the  corres- 
ponding chlorides,  (.  g. : 

(S02)-"(OFI),  (S0,)"C1, 

(P0)"'(0H)3  (PO)'"C!3 

.  Basicity  of  Acids.  Ntrnwrt.  Acid  and  Jlonbh  Sails.  —Acids  are  monobasic, 
h S basic,  tri basic,  &<:.,  according  as  they  contain  (mo  or  ;noro  atoms  of  hydro- 
gen replaceable  by  metals:  thus  nitric  acid,  N03I1,  ,mh1  hydrochloric  acid, 
C1H.  are  monobasic;  sulphuric  acid,  S04(1.>.  is  biba^ic :  phosphoric  acid, 
P04H3,  is  tribasic. 

Monobasic  acids  form  but.  one  class  of  salts  by  substitution,  the  metal 
tailing  the  place  of  the  hydrogen  in  one,  two,  or  three  molecules  of  the 
acid,  according  to  its  equivalent  value  or  atomicity;  thus  the  action  of 
hydrochloric  acid  on  sodium,  /inc.  and  aluminum  is  represented  by  the  equa- 

C1H  +  Na    =  CINa       +  II, 

2C1H  +  Z«"  =  CljZn"    +  H, 

3C1H  +  &V"  =  C1SA1"'  +  Ha, 

and  that  of  nitric  acid  on  the  hydrates  of  the  same  metals  by  the  equations: 

NO,H  +  Na  (HO)      =  NOsNa  +    H(HO) 

SMUI        Ba";l!Oi,         (Vo^l-hi"     |    SH.'liOl 

3K03H  +  A1'"(H0)3  =  (N03)3A1"'  +  3H(H0). 

ISibasic  acids,   on    the   other  hand,    iVirin   two  classes  of  stilts,  \\i.  mono- 

metallic  or  acid  sail*,  in  which   half'  the   hydrogen    is  replaced  by  a  metal ; 

and  bimetallic  sails,  in  which   the  whole    of  the  hydrogen  is  thus  replaced, 

the  salt  being  called  norma'-  or  nealrol  if  it.  contains  one  meml,  and  double  if 

it  contains  two  metals  ;   thus: 

ta    SO.H,  i,  bM  SO.KH  { ^IplC""  ™  ""  *°>°~ 

„„  ,.  hipota^sic   or  normal   potassium 

8°4Ki  {      Bulphate. 

"                    "         SO,Ba"  barium  sulphate. 

"     2S04H2               ■'       (S04!aK,Na  sodio-tripotassie  sulphate. 

"            "                    "       (S04),A1"'K  potassio-a.biiiiinic  Mil  filial  <». 

«     3S0,na              "       (S04)3Al"'j  normal  aluminium  sulphate. 
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Tribasic  acids  in  like  iiuiuuoi'  form  i  wo  classes  of  acid  sa,lts,  mono-metallic 
or  bimetallic,  according  us  one  third  or  two  thirds  of  the  h>  drogen  is  replaced 
by  a  mefal;  also  normal  and  r^.j;,^^  or  (r^ud:  m&s.  in  which  the  hydrogen  is 
wholly  replaced  by  one  or  more  metals ;  in  quadribiisic  acids  the  variety  is 
of  course  still  greater. 

The  use  of  the  terminations  on  a  mid  ic,  as  applied  to  salts,  has  already 
been  explained.  We  have  only  further  to  observe  in  this  place  that  when 
a  metal  forms  but  one  class  of  salts,  it-  is  for  the  most  part  better  to  desjg- 
mo  of  Hie  metal  itself  iluni  by  an  adjective  ending 
tie,  and  I'tut  mitp/iti/f  are  mostly  to  lie  preferred  to 
pcta.-t.tie  nitrate  and  p!ai,iJ,ie  sulphate  But  in  naming  double  salts,  and  in 
many  cases  where  a  numeral  proliv  is  required,  the  names  ending  in  ic  are 
more  euphonious;  thus  triplamji'tt-  ph'aphatt:  s  minds  bm  tor  than  tr  Haiti  phos- 
phate, and  hydrodi't'dic  phosphate  is  certainly  boiler  ttian  hydrogen  and  diso- 
it,'-:.:;.  phti.'pt'tttte;   but  there    is   r:u   occasion  fur  a  >'i;!id  adherence  to  oither 

All  oxygen-Salts  may  also  bo  represented  as  compounds  of  an  acid  oxide 
with  one  or  more  molecules  of  the  same  or  different  basic  oxides,  including 
water,  e.g.: 

Uydro-potassic  sulphate  2S04KH       =  2SO,.K,O.H.O 

Sodio-tripotassic  sulplia.e  2(S04l.,KIt      =  4.S03  :iK.,0.'Na/> 

Potassio-aluminic  sulphate  2fK(>.1i2U'-"K  =  4SOj.Al'"!O3.KJ0 

Ilydrodiscdic  phosphate  2P04Na;(rI      =  P,05  tNu,0,ll,0. 

"When  a  normal  o.-tygeti-salt  is  tlms  formulated,  it.  is  easy  to  see  that  the 
number  of  molecules  of  aeid  oxide  conlaincii  in  its  molecule  is  equal  to  t.lie 
number  of  oxygen-atoms  in  the  base;  thus: 

Sormal  potassium  sulphate     80,11,  =     SOa  KaO 

"       barium  sulphate  SO^Ba  —    80s.BaO 

"       Btatiuie  sulphate         (S04!28n'-'       =  2SU3.Sn(t., 
»       aluminium  sulplmto  (*04j.J.U/"2     =  3SOa  Al2Oa. 

When  the  proportion  of  acid  oxide   is  less  than  this,  the  salt  is  called 
basic  ;   such   salts  may  lm  regarded  os  compounds  of  a  norma!  salt  with  one 
or  more  molecules  of  basic  oxide,  or  a.,:  derived  from  normal  salts  by  sub- 
stitution of  oxygon  for  an  equivalent  quantity  of  the  acid  radical;   thus: 
Tribasic  lead  nitrate     .     N,0,.3Pb"0       =  (rJO,lsPb".2Pb'/0 

"   "  =  Pt>''s(NOa)jO"a 

QU8tUphataeC  alUminiUm}3SOa.4Al'"i09   =  {S04)SA1"',.8AK",0S 
=  A1'"9(S01)")0"8. 

The  last  mode  of  formula:  ion  exhibits  tin:  arialnjf.y  "ft  liese  basic  oxysalts 
to  the  oxy  chlorides,  oxyodides,  So. ;  ibus  the  basic  lead  nit  rale,  Fbj(N03}20a. 

just  mentioned,  is  analog s  to  the  oxyehloride  of  that  metal,  l'b3(Jl205, 

which  occurs  native  as  mendipite. 

The  term  basic  and  acid  are  sometimes  applied  to  salts  with  reference  to 
their  action  on  vegetable  colors.  The  normal  salts  formed  by  the  union  of 
the  stro:i«er  acids  with  (he  alkalies  .,  ml  iilkalino  oast  lis.  such  a-  potassium  si;!- 
pha.lc,  Sty;,,  barium  nitrate,  i Xt)3},ll!i",  &<:.,  are  pcrfccily  neutral  to  vege- 
table colors,  but  most  other  norma!  saits  exhibit  cither  an  acid  or  an  alka- 
line reaction;  thus  ferrous  sulphate,  enpric  sulphate,  silver  nitrate,  and 
many  others  redden  litmus,  v-diile  i  he  norma!  oavbo nates  and  phosphates  of 
the  alkali-'milals  exbibil  a  tlecide'l  alkuline  rea.ction.  II  is  clear  then  that 
the  action  of  a  salt  on  vcgelnble  color-  bears  no  definite  relation  toils  com  posi- 
tion: hence  the  term  norni'il,  as  applied  to  sa.lis  in  which  the  basic  hydro- 
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gen  of  the  acid  is  wholly  replaced,  is  preferable  lo  neutral,  and  the  terms 
basic  and  acid,  as  applied  to  s:ilis,  art  best  used  in  sin;  [dinner  above  explained 
with  reference  to  their  composition. 

When  a  normal  sail,  co.'iiiiijiir:^  ;l  monoxide  passes  by  oxidation  to  a  salt 
containing  a  sesquioxide,  dioxide,  or  trioxiuc,  1  in:  i|iuintity  of  acid  present 
ia  no  longer  sufficient  to  sitiurnic  the  base.  Thus  when  a  solution  of  fer- 
rous sulphate,  SOjV'o,  or  SO}.  t-'eO  (common  green  vitriol),  is  exposed  to 
the  air,  it  absorbs  oxygen,  and  ;sn.  inso-obio  fcerio  salt  is  produced  contain- 
ing an  excess  of  base,  while  nonmd  Hji-i-iu  sulphaio  reiiiiEins  in  solution; 

4(SOa.FeO)   +     0,    =    aSOB.Pej(^    +     S03.FesO9 


ftUlplj.LtiL'. 


These  basic  salis  are  very  ol'icn  insoluble  in  water. 

Salts  containing  a  proportion  ui  add  oxide  larger  than  is  sufficient  to 
form  a  neutral  compound,  arc  called  aiiJ-.i/'ii-o-S'iit'  .'sometimes,  though  im- 
properly, acid  salts) ;  thoy  may  evidently  be  regarded  its  compounds  of  a 
normal  salt  with  excess  of  acid  oxide;  e.g.: 


Sodium  anliydresulpli!i:e 
(bisulpinite  of  soda) 

Potassium  .anhydrocliromat 
(bichromate  of  potash) 


I  (SOjlj-NajO  =  (S04)Naz.SO,. 
}(Cr03)2.KaO  =  (CrO.JKj.CrO,. 


The  following  is  a  list  of  the  most   importan 
according  to  their  basicity: 

Mono-hank-  jb'-l'h. 


Hydocliloric 

.       C1H 

Ardimonic  . 

.     Sb03H 

llydrobromic  . 

BrH 

Hypo  chlorous 

C10H 

Hydriodic    , 

III 

Chlorous     . 

.      C10.H 

Hydrofluoric     . 

FH 

Chloric  . 

C10.H 

Nitrous 

.    NOjfl 

Perchloric 

.     CtO.U 

Nitric       . 

N03H 

Bromio  . 

Br03H 

Hypophospliorous 

(PI-LA)  (I 

eosii 

Iodic . 

IO.H 

Metaphosphoric 

Periodic 

IO.H 

Boric  . 

,    BO,H 

Btbasi 

Adds. 

Hydric  (water)  . 

OIL, 

Selenious 

.      Se08ir2 

Snlph-hydrio 

SHJ 

Se04H. 

Selen  hydric 

.        8eH2 

Tellurous 

.     Te03H., 

Tel lur hydric  . 

TeH. 

Telluric 

TeO.H, 

Sulphurous 

-      SO.H. 

Manganic 

.    MnO,H5 

Sulphuric 

SOjHj 

I'ormo.njianio 

MujO-H. 

Jlyposulphurous 

■    S.03Hs 

Chromic    . 

.     CrOHHj 

Dith  ionic 

SjOeH, 

Stannic 

SnOaH„ 

Trithionie  . 

.    SjOjllj 

Metasilicic 

.      SiOjH. 

Tetrath  ionic  . 

S.06H. 

Carbonic       . 

CO.H, 

Pentathionic 

■  s6o6h; 

Phosphorous 

(PHO,)H, 

Tribast 

o  Acids. 

Orthopliosph  o  rio. 

■     P04II3 

Arsenic     . 

.    As04Ha 

Tctraba 

k  Aciiis. 

Pyrophosphoric 

P/ljH. 

Orlhosllicio    . 

EiOjHj 
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tsidered;  but 

Phosphates. —  There  are  three  modifications  of  pln.i«p]iovie  acid:  one 
feeing  monobasic,  the  second  iribasic,  ami  the  third  letrabasie,  as  indicated 
ill  the  preceding  table. 

Hydrogen  phosphide,  l'll3,  burnt-  in  air  or  oxygen  gas,  takes  up  four 
atoms  of  oxygen,  ami  forms  (n/ii/ilfie  p/ios/ih'il-i  or  triLnnir.  phusphuric  iiciit' 
1'04H3.  The  same  acid  is  produced  by  the  oxidation  of  hypophosphorous 
Or  phosphorous  acid;  by  oxidizinir,  ]ilnx]ihiirus  with  nitric  aeid  (p.  214) ; 
by  the  decomposition  of  unlii  o  ciiiciuui  phosphate  (apuiitc)  and  other  na- 
tive phosptiftt.es;  and  by  the  action  of  boiling  water  on  pliosphorus  pent- 
oxide,  P20s.  This  ar.id'forms  three  distinct.  chts-cs  of  metallic  salts.  With 
sodium,  for  example,  it  forms  the  three  pairs,  I'O^ail.,,  PO,Nfi2lI,  and 
PO,rJaa,  the  first  two  of  which,  still  conininin;;  replaceable  hydrogen,  are 
acid  salts,  while  the  third  is  lite  normal  or  neutral  salt. 

If  now  the  monosodic  phosphate,  rn,NaIl,.  he  heated  to  redness,  it  gives 
off  one  molecule  of  water,  ami  leave*  all  anhydrous  nioimsodic  phosphate, 
POjNa,  the  aqueous  soluiion  of  which,  when  treated  with  lead  nitrate, 
yields  a  lead-salt  of  corres|ioni.liite;  composition;  thus; 

2P03Na  +  (N08)2Pb"  =  (POat2Pb"  +  2NOaNa; 
and  this  lead -stilt  decomposed  by  sulph-hydrio  acid,  yields  a  monohydric 
acid   having   the    composition    !*(»s!-l,    pos>e>sin«    properties  quite  distinct 
from  those  of  the  trihydrio  acid  above  toeiitioned; 

(PO,),Fb"  +  SHS  =  2POaH  -f  Pb"S. 

The  trihyflric  aeid  which  is  produced  by  the  nxidaiion  of  pltesphorns, 
and  by  the  decomposition  of  the  ordinary  native  ptiosphatcs,  is  called 
orl/iop/mspAOTie  acid  or  ordimu-ij  p.ho.y'n.ric  ucid ;  the  monohydric  aeid  is 
called  mri.opkoi-pkt.rir.  aeid.  The  former  may  be  regarded  as  a  trihydrate,  the 
latter  fts  a  monohvdratc  ci'  ptio>i:iioric  oxide: 


Both  arc  soluble  in  water,  and  tlie  former  may  be  produced  by  the  action 
of  boiling  water,  the  lalt.ev  by  I  hat  of  cold  water  on  phosphoric  oxide. 
They  are  easily  distinguished  fro  ill  one  ii.mil  tier  by  their  reactions  with  al- 
bumin and  with  silver  nitrate.  Metaphosphorie  ue-jd  coagulates  albumin, 
and  gives  a  white  precipitate  with  silver  nitrate ;  whereas  orthophosphorie 
acid  does  not  coagulate,  a  II  mm  in,  and  gives  no  precipitate,  or  a  very  slight 
one,  with  silver  nil-rate,  till  it.  is  neutralized  with  an  alkali,  in  which  ease 
:t  yellow  precipitate  is  formed. 

Melapiiosphorie  acid  ami  its  salts  differ  irnrti  tmliophosphorie  acid  and 
the  orthophosp  hales  by  the  want  of  one  or  two  atoms  of  water  or  base: 
thus: 

M'-niilL,:^pli,L£t:3.  tlvrll.i|l!lO!']l!liltO!l. 

PO.H  =  PO.Ha  —      OH, 

PO-Na  =  PO.NaH,  —       OH, 

(PO,),Ba"  ==  (PO,),,Ba"II4  —  2011^ 

'POjAg  =  PO.Ag.  —       OAg2 

(POa!sPb"  =  (FO,),PV't  —  20PV. 
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a.  A  solution  of  mebnibosphoiae  acid  is  converted,  slowly  at  ordinary 
temperatures,  quickly  at.  the  boiling  heal,  into  orthopiiosphoric  acid,  and 
the  mctaphoapha.les  of  sodium  ami  barium  are  converted  by  boiling  with 
water  into  the  corresponding  inonomet.iillic  urt.hojiliosphates  (see  the  first 
three  equations  above).. —  II.  The  mct.-'ipliospliale  of  a  heavy  metal,  silver 
01'  lead,  for  example,  is  enlivened  liy  boiling  iviili  water  into  a  trimetallie 
phosphate  and  or tho phosphoric  acid: 

8P03Ag  +   80H,  =  PO^Agj  +  2P0jHa. 
y.  When  any  metaohospiiato  is  fused  with  an   oxide,  hydrate  or  carbonate, 
it  becomes  a  trimetallie  !>rtho|i!e>sphate,  c.  g. ; 

P03Na  +  C0aNa2  =  P0<Na3  -f  CO, 

On  the  other  hand  ii\,  when  orihopbosphorii;  aeid  is  heated  to  redness, 
it.  loses  water  and  Imremrt  mil  n  piiesphorie  acid  ;  anil  when  a  nioiioinclalli;! 
orthophosphat.e  ia  heated  10  redness,  it.  also  lose*  water  and  is  transformed 
iuio  sl  niolaphosphate. 

In  termed  ia.tc  between  orthophosphntcs  and  metaphosphates,  there  are 
at  least  three  dislinot  classes  m"  sails.  Hie  ninsi.  important  of  which,  are  the 
pyrophosphates  or  )inri:i,i.(ix,i!:i!!i-f.t  whioh  may  lie  derive;  i  from  the  tetrahydric 
or  quad  rib  a  sic  acid,  r.,0.11.,.  1:1c  normal  sodium  salt,  for  example,  being 
PjO,Na,,  the  normal  lead  salt.  1',0,1'h",,  etc.  These  salts  may  be  viewed 
as  compounds  of  orthopluisiiluuc  and  jue^apbosphate,  e. g. ; 

PjO,Na4  =  P04Naa  +  P03Na. 

iliiih;  is  produced  by  heatine  disuii 
i!  water  being  ihen  given  off: 
2P01Na2II  =  OH,  +  PaO,Na4. 


P50,Na<  +  2(K03).,Pb"  =  4N03Na  =  PjO,Pb"2, 

and  lend  pyrophosphate  ilecouijv.sed  by  hydrogen  sulphide  yields  hydrogen 
pyrophosphate  or  pyvopiiospborie  acid: 

PjOjPd",  -f  2SH2 1=  2Pb"S  +  P30,K(. 
Pyrophosphorio  acid   is  dislinguished  from   met  a  phosphoric   acid  by  not 
coagulating  albumin  and  uni    precipitating   neui.r.al  solutions  of  barium  or 
silver  salts,  and  from  orthopiiosphoric  aeid   by  producing  a  white  instead 
of  a  yellow  prompt' ale  nil  h  silver  nitrate. 

Pyrophosphates  are  easily  converted  into  mctaphosptiates  and  ortho- 
phosphates,  and  vice  ven-a.  by  addition  or  sub;  vac i  ion  of  water  or  a  metallic 

n.  The  production  of  a  pyrophosphate  frum  a:i  orihophosphote.  by  loss 
of  water  has  been  already  mentioned. — 0.  (\uivevselv,  when  a  pyrophos- 
phate is  heated  with  water  or  a  base,  if  becomes  an  orthophosphate,  e.g.  : 

-  0HS. 

In  like  manner  orthophosphoi'ie  acid  heated  to  ■!}'/■  is  almost  entirely  con- 
verted into  pyrophesphorii:  aeid  ;  Jl'OJJ,  --■  ON  ,  -_—.  lyi.li,;  and  conversely, 
when  pyrophosphorio  acid  is  boiled  with  water,  it  is  transformed  into 
ortbopboisplioric  acid. 

y.  i'vrophospborio  aeid  honied  lo  dull  redness  is  converted  into  meta- 
phosphorie  acid:    PaO,Hi— OH,  =2P03H.      — 
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easily  effected,  inasmuch  as  ntetttpho-tiborle  acid  by  absorbing  water  gener- 
ally passes  directly  to  tlie  st.ist.ts  of  ort  hnphosphovic.  acid.  Peligot,  however, 
observed  tlte  formation  of  jtyrojihci-ijilmrie  from  mola  phosphoric  acid  by 
very  slow  absorption  of  water. — i.  When  a  metallic  metaphosplsate  is 
treated  with  it  primes'  proportion  of  is  hydrate,  oxide,  or  carbonate,  it  is 
converted  into  a  pyrophosphate  ;   thus: 

2POsNa     -j-     COjNa.^     =     P2O.Na4       +  CO, 

Mi't!i]Jiiis['!i!itt!.        Cai-lwiiato.         Pji>.]iliosiilinto.       Git-boa  ■.iioxole. 

Fleitmann  and  llenneber^,*  by  fusing  tttgeibei'  a  molecule  of  sodium  py- 
rophosphate, P04N:ia..r(.)3N'a,  wills  two  suoh-tsulos  of  metaphosplsate,  PO,Na, 
obtained  a  Halt  havi'iig  t'he  composition  I'O.jNa^il'OjNa  —  l>40,3Na8,  wlsich 
is  soluble  without  decomposition  in  a  stuall  quantity  of  hot  water,  and 
crystallizes  from  its  solution  by  evaporation  fter  oil  of  vitriol.  An  excess 
of  hot  water  decomposes  it,  but  its  (sold  aqueous  solution  is  moderately  per- 
manent.     Insoluble   phosphaios   of   similar    composition  may  be    obtained 

from  the  sodium-stilt  by  double  det ;positiou.      ticiloiaun  and  Ifenneberg 

obtained  another  erv-slu!li(.ablo  but  very  io-n!uhlo  i--o.lt,  having  the  compo- 
sition PO,Niis. OPOjSla  —  T10< >31X:i„.  by  fusing  together  one  molecule  of 
sodium- pyrophosphate  «  iih  eight  molecules  of  the  metaphosphatu;  and  in- 
soluble phosphalc-  o;'  sirdliir  uorii-tiiuiKiin  v. ore  (drained  IVoui  ii.  by  double 
decomposition. 

The  comparative  compo-d'lon  of  those  different  phosphates  is  best  shown 
by  representing  lis  ton  as  compounds  of  i. .  ■  ■ .  .rj . ! . .  i  i-  i  u  oxide  with  metallic  oxide, 
and  assigning  to  Ihcin  all,  the  quantity  o?  boso  contained  in.  the  most  com- 
plex member  of  the  scries  ;   thus  (for  the  sodium  salts)  : 

Ortbouliosphate 2PaOs  .  f>Na ,0  =  IPOjNa 

Pyrophosphate        .  .  .  .  .  8P205 .  6rfa.,0  =  3P20,Na4 

Fleitaann  and  Henocher;/-  phnspbute  ia\  4V~.(>. .  tiNbi.,0  =  2P,0,,NaG 

(b)  SPfiz.fflafi  =P,„03,Kal! 

Metaphosphato 8P,0S.  6Ka.,0  =  12PO,Ha. 

Metallic  Sulphides.  — These  compounds  correspond,  for  the  most  part,  to 
the  oxides  in  composition  :  thus  thoro  are  two  sulphides  of  arsenic,  AsJ-^ 
and  As.^Sj,  corresponding  to  the  oxide  a,  As.,03  a  ml  As.,0- ;  also  two  sulphides 
of  mercury,  Hg;S  nod  HgS,  analogous  In  1  tit.'  oxides,  1I™,0  and  HgO.  Oc- 
casionally, however,  ivc  meet  with  oxides  to  which  there  are  no  correspond- 
ing sulphides  (manganese  dioxide,  tor  example},  and  more  frequently  sul- 
phides to  which  there  sua  no  corresponding  oxide.?,  i  ho  most  remarkable  of 
which  are  perhaps  the  alkaline,  polysulphidcs.  t'otassium,  for  example, 
forms  the  series  of  sulphides,  K,S,  li.f..,,  K,S3,  K.,S4,  and  KaS6,  the  third  and 
lii'lb  of  which  have  no  aua'oguci.  in  the  oxygen  series. 

There  are  also  sulph-liviliai  iss  n  oalo^ous  lo  I  he  hy  urates,  and  containing 
tho  elements  of  a  metallic  -,uhi:jid:s  noil  ir,  droi;en  sukmide,  or  sulph-hydric 
acid;  e.  g.  potassium  sulph  hydrate  K„S.H„S  .-  2K1I.S;  lead  sulph-hydrate 
PVS.H,S  =  rb/'H,.H,.  Sulpiidtydrist.es  and  sulphides  may  be  derived  from 
sulph-hydric  acid  by  partial  or  total  replacement  of  the  hydrogen  by  metals, 
just  its  titeiiillio  hjdiaies  and  oxides  tire  derived  from  water: 
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Many  metallic  sulpirides  occur  us  natural  minerals,  especially  the  sulphides 
of  lead,  copper,  and  mercury,  which  afford  valuable  ores  for  the  extraction 
of  the  metals,  and  iron  bisulphide  or  iron  pyrites,  I'oSa.  which  is  largely 
used  as  a  source  of  sulphur,  and  for  the  preparation  of  ferrous  sulphate. 

Sulp hiil cs  arc  formed  an  ifiehillj  by  heating  meiuls  with  sulphur  ;  bv  the 
action  of  metals  on  gaseous  hydrogen  sulphide;  bv  the  reduction  of  sul- 
phates with  hydrogen  or  ohat-eoa.l  ;  by  hearing  metallic  oxides  in  contact 
■with  gaseous  hydrogen  sulphide,  or  va-im-  of  carbon  1)1  sulphide;  and  by 
precipitation  of  metallic  solution*  with  hydncfet:  sulphide  or  a  sulphide  of 
alkali- metal.  Some  metals,  as  copper,  lead,  silver,  bismuth,  mercury,  and 
cadmium,  are  precipitated  from  llieir  acid  .-oliu  inns  by  hydrogen  sulphide, 
passed  into  them  as  gas  or  ad^cn  l».  aqueous  solution,  I  he.  sulphides  of  these 
metals  being  insoluble  in  dilule  acids :  others,  as  iron,  cobalt,  nickel,  man- 
ganese, zinc,  and  uranium,  form  sulphides  which  are.  soluble  in  acids,  and 
these  are  precipitated  by  hydrogen  sulphide  on'y  froiu  alkaline  solutions, 
orhy  ammonium  or  potassium  sulphide  from  neutral  solutions.  Many  of 
these  sulphides  exhibit  ve:y  characieri-l  ie  colors,  which  serve  as  indications 
of  the  uvesencc  til'  ilie  respective  metals  iu  solution  [p.  201). 

Metallic  sulphides  are.  also  formed  by  ihe  reduction  of  sulphates  with 
organic  substances  ;  many  native  sulphides  hare  doubtless  been  formed  in 
this  way. 

The  physical  characters  of  some  metallic  sulphides  closely  resemble  those 
of  tho  metals  in  cerlain  particulars,  such  as  the  peculiar  opacity,  lustre, 
and  density,  especially  when  they  are  in  a.  crystalline  condition.  They  are 
generally  cry  si  a  '.'.':■/.:<.  ble,  Inutile,  and  of  a.  gray,  pale  ye  II  or. ,  or  dark  brown 
color.  The  sulphides  of  the  alkali-metals  are  soluble  in  wai  er,  most  of 
Ihe  others  arc  insoluble.  They  arc  froopicntly  more  fusible  ilian  the  cor- 
responding oxides,  and  some  are  volat.iluabio,  as  mercury  sulphide  and  ar- 
senic sulphide. 

Many  sulphides,  when  heated  out  of  eonluoi  with  aimosphiric  air,  do  not 
undergo  any  decomposition;  this  is  the  case  chiefly  wil.li  those  containing 
the  smallest  proportions  of  sulphur,  such  as  the  monosulphides  of  iron  and 
line.  Sulphides  containing  larger  proportions  of  sulphur  are  partially  de- 
composed by  beat,  losing  part  of  (heir  sulphur,  and  being  converted  into 
lower  sulphides ;  as  in  the  case  of  iron  bisulphide.  The  sulphides  of  gold 
and  platinum  are  completely  reduced  by  heat, 

By  the  simultaneous  action  of  heat  and  of  substances  capable  of  combin- 
ing with  sulphur,  some  sulphides  may  be  decomposed.  .Thus,  for  instance, 
silver,  copper,  bismuih,  fin,  and  antimony  sulphides  arc  reduced  by  hydro- 
gen; copper,  lead,  mercury,  and  am  imony  sulphides  are  reduced  by  heat- 
ing with  iron. 

Sulphides  which  are  not.  reduced  by  heal  ulone,  arc  always  deoompii-u-d 
wdien  healed  in  cotmicl  with  oxygen  or  atmospheric  air.  Those  of  (he 
alkali-metals  and  carth-mclals  are  converted  into  sulphates  by  this  means. 
Zinc,  iron,  manganese,  copper,  lead,  and  bismuth  sulphides  are  converted 
into  oxides,  and  sulphurous  oxide  is  produced  ;  hut  when  the  temperature 
is  not  above  dull  redness,  some  sulphate  is  formed  by  direct  oxidation. 
Mercury  and  silver  sulphides  are  completely  reiluecd  tn  the  metallic  state. 
Some  native  sulphides  gradually  undergo  alteration  by  in  ero  exposure  to 
the  atmosphere;  hut  it  is  then  generally  limited  to  the  production  of  sul- 
phates, unless  the  oxidation  lakes  place  so  rapidly  (hat  the  heat  generated 
is  sufficient  to  decompose  ihe  sulphate  first  produced.  In  the  production 
of  some  metttls  for  use  in  the  arts,  the  -eparai  inn  of  sulphur  from  the  na- 
tive minerals  is  effected  chiefly  by  means,  of  this  action  in  tho  operation  of 
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metal  of  both  the  sulphide  and  oxide.     Lead  is  reduced  from  the  native 
sulphide  in  this  manner. 

Many  metallic  sulphides  arc  decomposed  by  acids  in  tie  presence  of 
water,  sulphuretted  hydrogen  hc:;ij;  evolve:!  while  the  metal  tulcrs  into 
eom iii 1 1 at.ii in  will]  the-  acid  or  chlorous  radical  of  the  uoid.  Kitrk:  aeid  n  lien 
concentrated  decomposes  most-  sulidiidos.  with  formation  of  metallic  oxide, 
sulphuric  acid,  sulphur,  and  a  lower  oxide  of  jiitvopieo,  Silromuriatie  acid 
acts  in  a  similar  manner,  but  still  more  energetically, 

SutrnuH-SALTS. —  The  sul j ih ides  of  the  more  bus v kins  metals  unite  with 
those  of  the  in  ore  chlorous  or  electro  uegmive  in  etuis,  und  of  the  metalloids, 
forming  sulphur-sa l.'.i,  analogou-;  in  composition  ro  !lie  oxygen-salts,  «.?--" 

Carbonate  CO^K,  =  COs.KsO 

Sulphocarbonate  CSsKa  =  CS^.KjS 

Arsenate  2AsO  K,  =^  As..(>,dlv.n 

Sulpharsemtle  2AsS,K3  =  As2S6.tiKsS 

Selenidss  and  Telluridea,  —  These  eornpoands  are  analogous  in  composi- 
tion, and  in  many  of  their  properties,  to  the  sulpliiuYs,  and  likewise  unite 
one  with  the  other,  iimniui;  sclooiiiiu-snits  iitsu  tellurium  salts  analogous  to 
the  oxygen  and  sulphur  salts. 

Metals  a'so  form  definite  compound*  with  ill!ii:::itl.  phosphorus,  silicon, 
boron,  and  carbon;  but  these  compounds  :irc  com  intuitively  unimportant, 
excepting  the  carbonides  of  iron,  which  form  cast  iron  and  steel. 
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Atomio  weight,  391.     Symbol,  K  (Kalium). 

POTASSIUM  was  discovered  in  1807  by  Sir  H.  Davy,  wlio  obtained  it  in 
lory  small  quantity  by  exposing  n  (.uctsi;  of  moistened  potassium  liydrnte 
to  the  action  of  a  powerful  vohaie  battery,  the  alkali  being  placed  between 
a  pair  cf  platinum  plains  connected  with  Uie  apparatus.  Processes  have 
since  been  devised  ("or  obtaining  Ibis  metal  in  almost  any  quantity  that  can 
be  desired. 

An  intimate  mixture  of  potassium  carbonate  mid  charcoal  is  prepared  by 
calcining,  in  a  covered  iron  pot,  the  crude  lavtar  e.1  commerce;  when  cold 
it  is  rubbod  to  powder,  mixed  with  one  tenth  pari,  of  charcoal  in  small 
lumps,  and  quickly  transferred  to  a  retort  of  stout  hammered  iron  :  the  lat- 
ter maybe  one  of  (lie  iron  bottles  in  which  mercury  is  imported.  The  retort 
is  introduced  into  a  furnace  «  (fig.  1  i'>-),  ami  placed  horizontally  on  supports 
of  fire-brick,  /,  /.  A  wrought- iron  tube  <l,  four  inches  long,  serves  to  con- 
vey the  vapors  of  potassium  into  a  receiver  e,  formed  of  two  pieces  of 
svrought-iron,  a,  b  (fig.  Hi'i),  which  r.re  fitted  closely  in  each  other  so  as  to 
form  a.  shallow  box  only  a  quarter  of  ati  inch  deep,  and  are  Itept  together 
by  clamp-screws.  The  iron  plate  should  be  one  sixth  of  an  inch  thick, 
twelve  inches  long,  and  five  inches  wide.  The  receiver  is  open  at  both 
ends,  the  socket  fitting  upon  ihc  neel;  of  the  iron  bottle.  Tbe  object  of 
giving  the  receiver  this  flattened  form  is  to  ensure  the  vapid  cooling  of  the 
potassium,  and  thus  to  withdraw  it  from  t.lie  action  of  the  carbon  monoxide, 
which  is  disengaged  during  I  lie  entire  pvoeoss,  a  ml  has  a  strong  tendency 
to  unite  with  the  potassium,  forming  it  dangerously  explosive  compound. 
Before  connecting  the  receiver  wilb  the  lube  it.  the  five  is  slowly  raised  till  the 
iron  bottle  attains  a  dull  red  heat.  Powdered  vil  relied  borax  is  then  sprin- 
kled upon  it,  which  melts  and  forms  a  coal  rug.  serving  to  protect  the  iron 
from  oxidation.  The  heal-is  then  to  ho  urged  until  it  is  very  intense,  care 
being  taken  to  raise  it.  as  equally  as  possible  throughout  every  part  of  the 
furnace.  When  a  full  reddish-white  heat  is  iil.lained,  vapors  of  potassium 
begin  to  appear  and  bum  with  a  brig  lit  limne.  Tint  receiver  is  then  adjusted 
to  the  end  of  the  Lube,  which  must  not  project  more  than  a  quarter  of  an 
inch  through  the  iron  piate  forming  ihc  front  wall  of  tbe  Nirnace ;  other- 
wise the  tube  is  liable  to  be  obsi  meted  by  the  n  oe  i  im  u  la  I.  ion  of  solid  potas- 
sium, or  of  the  explosive  compound  above  mentioned.  Should  any  obstruc- 
tion oceur,  it  must  be  removed  by  I  In  listing  in  an  iron  bar,  and  if  this  fail, 
the  fire  must  be  immediately  withdrawn  by  removing  the  bars  from  the  fur- 
nace, with  the  ex.cepi.iou  of  two  which  support,  the  iron  bottle.  The  receiver 
is  kept  cool  by  Ihc  application  of  a  wet  cloth  I  0  Its  outside.  When  tbe  oper- 
■mplete,  the  reccivor  with  the  P'"'"    "' 
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ately  plunge d  into  a  vessel  of  rectified  Persian  nupliiha  provided  ivitl 
oover,  and  kept  con!  by  immersion  in  water.  Wben  tlie  apparatus  is  su 
□ienlly  cooled,  the  potassium  is  detached  and  preserved  under  naphtha. 


If  the  potassium  lie  ivaniefl  absolutely  pure,  it  must  iie  afterwards  re- 
distilled in  an  iron  roioi'l,  into  whieh  some  naplillia  bus  linen  put,  that  its 
vapor  may  expel  the  air,  mid  prevent  oxidation  of"  the  metal. 

Potassium  h  a  hriilhnt  white  melal,  r.'iili  :i  high  degree  of  lustre  ;  at  the 
common  temperature  of  the  air  it  is  soft,  and  mav  be  easily  out  with  a 
knife,  but  at  0°  it  is  lirit.tle  and  crystalline.'  It  melt*  completely  at  62'5°, 
and  distils  at  a  low  rod  heat.  It  floats  on  wjicr.  its  si.njcjifie  gravity  being 
only  0-865. 

Exposed  to  the  air,  potassium  oiddizcs  instantly,  u  tarnish  covering  the 
surface  of  the  meiaf,  wbicli  quickly  thickens  io  a  erusi  of  caustic  potash. 
Thrown  upon  water,  it  takes  five  spontaneously,  and  burns  with  a  beautiful 
purple  flame,  yielding  an  alkaline  solution.  When  it  is  brought  into  con- 
tact with  a  little  water  in  a  jar  standing  over  mercury,  the  liquid  is  decom- 
posed with  great,  energy,  and  hydrogen  liberated,  Potassium  is  always 
preserved  under  the  surface  of  naphtha. 

Potassium  Chlokilk,  KCI.  — This  salt,  is  obtained  in  large  quantity  in 
the  manufacture  of  tlie  cbl orate :  ii.  is  easily  puriiiod  from  any  portions  of 
the  latter  by  exposure  10  a  dull  red  heat.  Within  the  last  few  years  largo 
quantities  of  this  salt  have  been  obtained  from  sea-water,  by  a  peculiar 
process  suggested  hy  11.  ilalurd."""  It  is  also  contained  in  kelp,  and  Is  sep- 
arated for  the  use  of  the  alum-maker.  Considerable  quantities  of  it  are 
now  obtained  from  too  Mil;-  boils  of  ISIrassfurt,  near  Magdeburg,  in  Prussia. 

Potassium  chloride  closely  resemhios  common  sub  in  appearance,  assum- 
ing, like  that  substance,  the  cubic  form  of  erystaUi/niion.  The  crys- 
tals dissolve  in  three  parts  of  cold,  and  in  a  nine!)  smaller  quantity  of  boil- 
ing water:  they  are  anhydrous,  Imvo  ;y  simple  s!Lline  taslo,  with  slight  bit- 
terness, and  I'uso  nbon  exposed  to  a  red  heat.  Potassium  chloride  is 
volatiliiod  by  a  very  high  temperature. 


Potass  htm  Linton,  K[,  —There  o 
this  important  medicinal  compound. 

(1.)  When  iodine  is  added  to  a  strong  solution  of  ci 
carbonate,  it  is  dissolved  in  hir^e  quantity,  fonnin 
containing  potassium  iodide  and  iodate;   the  reaction 


tbree  tliflVrcnt  methods  of  preparing 
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analogous  case  with  chlorine.     When  the  solution  begins  to  be  permanently 

colored  by  the  iodine,  i(  is  ovaporiLlcd  '<i  dryness,  ami  cautiously  heated  to 
redness,  by  Vf-hick  Ike  iodale  is  entirely  eouv.-rtcd  into  potassium  iodide. 
The  mass  is  thou  dissolved  in  water,  and.  afror  liliration,  made  to  crys- 
tallize. 

(2.)  Iodine,  water,  avid  iron  filings  or  straps  of  zinc,  are  placed  in  a 
warm  situation  until  the  combination  is  complete,  ami  (ho  solution  colorless. 
The  resulting  iodide  of  iron  or  zinc  is  (hen  filtered,  and  exactly  decomposed 
with  solution  of  pure  potassium  carbonate,  great-  care  being  taken  to  avoid 
excess  of  the  latter.  Potassium  iodide  and  ferrous  carbonate,  or  zinc  car- 
bonate, are  thus  oblained:  I  he  former  is  separated  by  hit-ration,  and  evap- 
orated until  the  solution  is  sufficiently  concent  ruled  to  crystallize  on  cooling, 
the  washings  of  ; lie  h'.ter  being  added  to  avoid  loss: 

Fel,    +     CO,Kj     =     2KI     +     COsFe". 

(3.)  A  very  simple  method  for  (he  propuraiion  of  potassium  iodide  has 
recently  been  proposed  by  Lie  big.  tine  part  of  amorphous  phosphorus  is 
added  to  40  parts  of  warm  water  :  lit!  parts  of  ilrv  iodine  are  then  gradu- 
ally added  and  intimately  mixed  with  the  phosphorus  by  trituration.  The 
dark-brown  liquid  thus  obtained  i.s  now  heated  on  the  water-bath  until  it 
becomes  colorless :  it  is  then  poured  oft'  from  ihc  undissolved  phosphorus 
and  neutralized,  first  with  barium  carbonate  and  then  with  baryta  water, 
until  it  becomes  slightly  alkaline.  The  insoluble  barium  phosphate  is  fil- 
tered off  and  washed :  the  lillrate  no  it  contains  no  thin;;  but.  barium  iodide, 
which,  when  treated  with  potassium  sulphate,  yields  insoluble  barium  sul- 
phate and  potassium  iodide  in  solution,  l.ime  answers  nearly  as  well  as 
baryta. 

Potassium  iodide  cry  stall!  ics  in  cubes,  whisk  a 
plained  cause,  milk-while  and  opaque:  they  are 
dily  when  heated.  The  sail  is  very  soluble  in  v/i 
when  pure,  in  a  moderately  dry  atmosphere :   it.  is  dissolved  by  alcohol. 

Solution  of  potassium  iodide,  lilie  these  of  all  the-  soluble  iodides,  dis- 
solves a  large  quantity  of  free  iodine,  forming  n  deep-brown  liquid,  not 
decomposed  by  water. 

Potassium  Bromiivf.,  KBr. —  This  compound  maybe  obtained  by  pro- 
cesses exactly  similar  to  those  jnsi  dvseril-.ed.  soli-i  ii  tiling  bromine  for  the 
iodine.      It  is  a  colorless   and  very  soluble  salt,  quite  umlistinguishable  in 

appearance  and  general  characters  from  the  iodide. 

Potassium  Oxides.  — Potassium  combines  wish  oxygen  in  three  propor- 
tions, forming  a  monoxide,  OK,,  a  dioxide,  0,Kj,  and  a  tctroxide,  <\\isl 
besides  a  hydrate,  OKU,  corresponding  to  the  monoxide. 

Potassium  monoxide.  OK,,  also  called  i:i>/,iitirrt!ii  j'filnsii,  or  pvt/ma,  is  formed 
when  potassium  in  thin  slices  is  exposed  at  ordinary  temperatures  to  dry 
air  free  from  carbon  dioxide:  also  wlien  the  hydrate  is  heated  with  an 
equivalent  quantity  of  metallic  potassium: 

20KH     +     K,    ~    20Kj    +     H,. 
It  is   white,  -very  deliquescent,   and    caustic,    combines    energetically  with 
water,  forming  pota.-siuin  hydrate,  and  licooniing  im-amlosoent  when  moist- 
ened with  it;  melts  :ii  a  red  heat.,  ami  volatilizes  at  very  high  temperatures. 
OK 

The  dioxide  0„K,  or    I      is  formed   ai  a  certain    slagc    in   the    p.ropitrai  .on 
OK 
of  the  tetroxide.  but  lias  not    been  obtained  quite  pure.      By  carefully  reg- 
ulating the  heat  and   supply  of  air,  nearly   the  whole   Of   the  potassium 
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may  be  converted  into  a  white  oxide,  ha.ving  nearly  the  composition  of  the 
dioxide.      An  aqueous  solution  of  this   oxide    t-    formed    by  the   motion  of 

O—O— K 
water  on  the  tetro.tide.     The  tclron,!,;  O.K.,,  or    I  ,  is  produced  when 

0— 0— K 
potassium  is  burnt  in  excess,  of  dry  air  or  oxygen  gas.  It  is  a  chrome- 
yellow  powder,  which  cakes  together  m  about  iisO".  It  absorbs  moisture 
rapidly,  and  is  decomposed  by  water,  giving  -ln'  oxygen  ;md  forming  a 
solution  af  the  dioxide.  IVltcn  gently  healed  in  a  stream  of  carbon  mon- 
oxide, it  yields  potassium  carbonate  and  lira  atoms  of  oxygen: 

0,KS     +     CO     =     COgK,     +     02: 
with  carbon  dioxide  h  acts  in  a  similar  manner,  (.'ivitig  off  three  atoms  of 
oxygen.* 

Potassium  Hide.Vi'K.  OKU,  common",  y  called  /■</)/■/<>  pol/ink,  or  potossa,  is 
a  very  important,  substance,  and  one  of  groat  practical  utility.  It-  is  al- 
ways prepared  for  use  by  decomposing  i  in1  carbonate  with  calcium  hydrate 
(slaked  lime),  as  in  the  following  process,  which  is  very  convenient:  10 
parts  of  potassium  oarbenute  are  dissolved  in  100  pa.rts  of  water,  and 
heated  to  ebullition  in  a  clean  untinncd  iron,  or,  still  better,  silver  vessel; 
8  parts  of  good  quicklime  are  meanwhile  slaked  in  a  covered  basin,  and 
the  resulting  calcium  hydrate  added,  lit.rlc  by  little,  to  the  boiling  solution 
of  carbonate,  with  frequent  stirring.  When  ail  the  lime  has  been  intro- 
duced, the  mixture  is  suffered  to  boil  for  a,  few  minutes,  and  then  removed 
from  the  fire  and  covered  up.  In  Die  course  of  a  very  short  time,  the  so- 
lution will  have  become  quite  clear,  and  St  for  decant ati on,  the  calcium 
carbonate,  with  the  excess  of  hydrate,  settling  down  as  a  heavy,  sandy 
precipitate.      The  solid  ion  siionlii  rn.ii.  effervesce  with  acids. 

It  is  essential  in  this  process  that,  the  solution  of  potassium  carbonate  be 
dilute,  otherwise  flic  d.ecoiniiosiiion  becomes  imperfect.  The  proportion  of 
lime  recommended  is  mueli  greater  than  that  required  by  theory,  but  it  is 
always  proper  to  have  an  excess. 

The  solution  of  potassium  hydrate  may  be  concentrated  by  quick  evap- 
oration in  the  iron  or  silver  vessel  to  any  desired  extent;  when  heated 
until  vapor  of  water  ceases  to  be  disengaged,  mn!  then  suffered  to  cool,  it 
furnishes  the  solid  hydrate,  OKU,  or  OK.-OtL,. 

Pure  potassium  hylvite  ';■>  also  easily  obtained  by  boating  to  redness  for 
half  an  hour  iti  a  covered  cooper  vessel,  one  part  of  pure  powdered  nitre 
with  two  or  three  parts  of  finely  divided  copper  foil.  The  mass,  when 
cold,  is  treated  with  water. 

Potassium  hydrate  is  a  white  solid  substance,  very  deliquescent  and  sol- 
uble in  water;  alcohol  also  dissolves  it  freely,  which  is  t.lie  case  with  com- 
paratively few  potassium  comimumls  :  the  solid  hydrate  of  commerce,  which 
is  very  impure,  may  tons  be  purified.  The  solution  of  ibis  substance  pos- 
sesses, in  the  very  hii/hest  degree,  (lie  properties  termed  alkaline:  it  re- 
stores the  blue  color  to  Hi  runs  which  has  been  reddened  by  an  acid ;  neu- 
tralizes completely  the  iimisi.  powerful  acids:  has  a  nauseous  and  peculiar 
taste;  and  dissolves  the  skin,  and  many  oilier  organic  matters,  when  the 
latter  are  subjected  to  its  action,  it  is  IVei.piontiy  used  by  surgeons  as  a 
cautery,  being  moulded  iiuo  iiu.li;  sticks  for  that  purpose. 

Potassium  hydrate,  boll;  in  the  solid  slate  and  in  solution,  rapidly  absorbs 
carbonic  acid  from  the  air;  hence  it  must,  be  kept  in  closely  stopped  bot- 
tles. When  imperfectly  prepared,  or  partially  altered  by  exposure,  it 
effervesces  with  an  acid. 


y/  Google 


This  compound  is  no 

at  a  very  high  tempera 
The  following  table  ■ 
oxide,  OK.,,  of  differon 
authority  of  Dalton: 


Potassium  Nitrate;  Nitiu:  ;  Saltf-hthe,  NO^K  —  N"t">,;OK).  — This  im- 
portant compound  is  a  natural  product,  be^ie1  di-engaged  by  ft  kind  of 
efflorescence  from  (he  surface  of  Hit;  soil  in  certain  dry  ii'nd  hot  countries. 
It  may  also  be  produced  by  artificial  means  —  namely,  by  the  oxidation  of 
ammonia,  in  presence  of  a  powerful  base. 

In  Prance,  large  quantities  of  artificial  nitre  sire  prepared  by  mixing 
animal  refuse  of  all  kinds  with  old  inortjr  or  calcium  hydrate  and  earth, 
and  placing  the  mixture  in  heaps,  protected  l'mni  the  rain  by  a  roof,  but 
freely  r\iir:-i'd  io  tin;  air.  From  time  to  time  iho  heaps  are  watered  with 
putrid  urine,  and  the  mass  turned  over,  to  expose  fresh  surfaces  to  the  air. 
iVl.ei;  much  salt  bas  been  Iurn: i-ii.  liio  ruiiturc  is  lixiviated,  mid  1  In:  hoI  mien, 
which,  contains  calcium  nitrate,  is  mixed  villi  potassium  carbonate;  calcium 
Carbonate  is  formed,  and  the  nitric-  acid  Iransferred  Io  t.lie  alkali.  The  fil- 
tered solution  is  then  made  to  crystalline,  and  the  crystals  are  purified  by 
re-solution  and  crystallization,  the  liquid  being  stirred  to  prevent  the  for- 
mation of  largo  crystals. 

The  greater  part  of  the  nitre  used  in  this  country  comes  from  the  East 
Indies:  it  is  dissolved  in  water,  a  liltle  potassium  carbonate  added  to  pre- 
cipitate lime,  iiud  (hen  ibc  sali  puriiied  as  above. 

Considerable  quantities  of  nitre  arc  now  manufactured  by  decomposing 
native  sodium  nitrate  (('bile  sahpetrcj.  with  eat-hcniitc  or  chloride  of  po- 
tassium. In  Belgium  the  potassium  carbonate  obi a.i tied  from  the  ashes  of 
the  beetroot  sugar  manufactories  is  largely  used  for  this  purpose;  the  po- 
tassium ni i rate  I  bus  prepared  is  very  pure,  and  is  produced  at  a  low  price. 

Potassium  nitrate  crysthllij.es  in  anhydrous  six-sided  prisms,  with  di- 
hedral summits,  belonging  to  1  lie  rhombic  or  irimeirio  system  :  it  is  soluble 
in  7  parts  of  water  at  15-5°,  and  in  ils  own-  weight  of  boiling  vater.  Its 
taste  is  saline  and  cooling,  and  it  is  without  action  on  vegetable  colors.  At 
a  temperature  below  redness  il    melts,  am.!  by  a  si  roiig   heat  is  completely 


s  thrown  on  the  surface  of  many  mentis  in  a  state  of  fusion,  or 
when  mixed  with  combustible  matter  and  heated,  rapid  oxidation  ensues, 
at  tho  expense  of  the  oxygen  of  1  he  nitric  acid.  Examples  of  such  mixtures 
arc  fiiiittii  in  common  "unpowdcr.  and  if.  nearly  all  eyiv.leolinie  compositions, 
which  burn  in  this  manner  independently  oi'  rlie  oxygen  of  the  air,  and 
even  under  water.  Gunpowder  is  ma  tie  by  very  intimatt  ly  mixing  togt'llier 
potassium  nitrate,  eliarooal,  and  sulphur,  in  proportions  which  approach 
2  molecules  of  nitre,  ii  atoms  of  carbon,  and  1  atom  of  sulphur. 

These  quantities  give,  reckoned  to  MX)  parts,  and  compared  villi  the 
proportions  used  in  the  manufacture  of  the  English  fiovernment  powder,* 
the  following  results: 

*■  Dr.  M'OnllMh,  EwjclopaUta  BritSBOlos. 
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Potassium  nitrate 


1000  100 

The  nitre  is  rendered  very  pure  by  (lie  means  already  mentioned,  freed 
from  water  by  fusion,  ami  ground  In  line  powder;  (hf  sulphur  and  char- 
coal, the  latter  being  outdo  i'i-.>ijj  light  wnnii.  an  dogwood  or  alder,  are  also 
finely  ground,  after  which  the  materials  are  weighed  out,  moistened  with 
water,  and  thoroughly  mixed  by  grinding  under  an  edge-mill.  The  mass 
is  then  subjected  to  greal  pressure,  ami  the  millcako  (Imp  produced  broken 
in  pieces,  and  placed  in  sieves  niaile  or'  perforated  vellum,  moved  by 
machinery,  each  containing,  in  addition,  a-  round  piece  of  heavy  wood. 
The  grains  of  powder  broken  oil  by  attrition  full  through  the  holes  in  the 
skin,  and  are  easily  separated  from  ihe  dusi  by  sifting.  The  powder  is, 
lastly,  dried  by  expo-utre  to  sleam-heal,  and  sometimes  glazed  or  polished 
by  agilalion  in  a.  kind  of  cask  mounted  on  an  axis. 

It  hub  formerly  supposed  thai  when  gunpowder  is  tired,  (.he  whole  of  the 
oxygen  of  the  pola.-siuni  nitrate  was  transferred  (o  (he  carbon,  forming 
carbon  dioxide,  the  sulphur  combining  with  (he  potassium,  and  the  nitrogen 
being  set  free.  There  is  no  doubt  that  this  reaction  does,  take  place  to  a 
considerable  extent,  and  that  the  large  volume  of  gas  s'ms  produced,  and 
still  further  expanded  by  the  very  exalted  temperature,  sufficiently  accounts 
for  the  explosive  effects.  But.  recent  investigations  by  Bunsen,  Karolyi, 
and  others,  have  shown  that  the  actual  pvoduels  of  the  combustion  of  gun- 
powder are  much  too  re  no  abdicated  than  litis  theory  would  indicate,  a  very 
large  number  of  products  lining  formed,  ami  a  considerable  portion  of  the 
oxygen  being  transferred  In  tiic  uoiassium  sulphide,  converting  it  into  sul- 
phate, which,  in  fact,  constitutes  the  chief  portion  of  the  solid  residue  and 
of  the  smoke  formed  by  the  explosion.'* 

Potassium  Ciii.okate,  C!03K  ^  C102(OK).  —  The  theory  of  the  produc- 
tion of  chloric  a.eid.  by  the  action  of  chlorine  gas  on  a  solution  of  caustic 
potassa,  has  been  already  explained  (p.  187). 

Chlorine  gas  is  conducted  by  a  wide  tube  into  a  strong  and  warm  solu- 
tion of  potassium   carbonate,  until   absorption   of  lite  gits  ceases;   and  the 

liquid  is,  if  necessary,  evaporated,  1  then  allowed  to  cool,  in  order  that 

the  slightly  soluble  chlorate  may  crystallize  out.  The  mother-liquor  affords 
a  second  crop  of  crystals,  bul  t  boy  :i  re  nine  It  more  contaminated  by  potas- 
sium chloride.      11  may  be  purified  by  one  or  two  re-crystallizations. 

Potassium  chlorate  is  soluble  in  about  £0  parts  of  cold  and  2  of  boiling 
water :  the  crystal.-  tire  an  hydrous,  Hat,  ami  tabular ;  in  taste  it  somewhat 
resembles  nitre.  When  healed,  it.  gives  off  the  whole  of  its  oxygen  gas 
and  leaves  potassium  chloride.  By  arresting  the  decent  position  when  the 
evolution  of  gas  begins  to  slacken,  tsu.l  redi -solving  the  salt,  potassium  per- 
ehlorate  and  chloride  may  be  obtained. 

This  salt  deflagrates  violently  with  combustible  matter,  explosion  often 
occurring  by  friction  or  blows.  When  about  one  grain-weight  of  chlorate 
and  an  equal  quantity  of  sulphur  arc  nibbed  in  a  luorlar,  ihe  mixture  ex- 
plodes with  a  loud  report:  hence  it  cannot  bo  used  in  the  preparation  of 
gunpowder  instead  of  the  nitrate.  Potassium  c  til  orate  is  now  a  large  article 
of  commerce,  being  employed,  together  with  phosplionts,  in  mailing  instan- 
taneous-light matches. 

Potassium  Perch  lor  ate,  ClOJv  -:C10,(tlKp — Tins  salt  has  been  already 
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noticed  under  the  head  of  perchloric  :n-ii).  It  is  hc=t.  prepared  by  project- 
ing powdered  (lotasstum  chlorate  into  wnnu  nitric  acid,  when 'the  chlo- 
ric acid  is  resolved  into  perchloric  acid,  chlorine  and  oxygen  gases.  Tho 
salt  is  aeparalcd  by  c>-ysij!llly.iii  ion  from  the  nitrate.  Potassium  perchlorate 
is  a  very  slightly  soluble  sn.lt. :  it  requires  bo  parts  of  cold  water,  but  ia 
more  freely  taken  up  nt  a  boiling  brat.  The  crystals  are  small,  and  hare 
t.lie  figure  of  an  octahedron  with  square  base,  li  is  decompiled  by  heal,  in 
the  same  manner  as  the  chlorate. 

Potassium  Carbonates.— Potassium  firms  two  well-defined  carbonates, 
namely,  a  normal  or  neutral  carbonate,  (!U3Ii..,  and  an  acid  salt  containing 
COKH. 

A'ormat  potassium  anion".:?,  or  ilipolaf.sk  vtrlor.Mli  — -  CO(OK)s  =  CO;.OIC2. 
Potassium-salts  of  vegetable  acids  are  of  Constant  occurrence  in  plants, 
where  t.liey  perform  important,  but  not.  yet.  perfectly  understood  functions 
ill  the  economy  of  those  beings.  The  potassium  is  derived  from  the  soil, 
which,  when  capn.bio  of  supper!  i  rig  vegetable  life,  always  contains  that  sub- 
stance. When  plants  aro  burned,  tin:  organic  acids  aro  destroyed,  and  the 
potassium  is  loft  in  the  sia.t.o  of  carbonate. 

It  is  by  these  indirect,  means  that  tho  carbonate,  and.  in  fact,  nearly  al! 
the  salts  of  potassium,  are  obtained,  'flu:  groat  natural  depository  of  the 
alkali  is  the  fe)sp;ir  of  o-rtuiitie  and  other  nusirnriheil  rocks,  where  it  is 
oo  i  obi  ocd  wii  h  silica,  and  it;  an  insoluble  stale.  Trie  e.vtviieljon  thence  is 
attended  with  groat  difficulties,  a.ml  many  attempts  at.  manufacturing  it  on 
a  large  scale  front  this  source  have  failed  ;  but  experiments  quite  recently 
made  by  Mr.  T.  0.  Ward  appear  to  indicate  that  the  object  may  he  accom- 
plished by  fusing  potassio  rocks  with  a  mi  nmrrj  of  calcium  carbonate  and 
fluoride.  '  There  are,  however,  natural  processes  at  work,  by  which  the 
potash  is  constantly  being  rlimiunlcd  from  these  rocks.  Under  the  influ- 
ence of-  atmospheric  agcecies.  I  hose  rocks  disintegrate  into  soils,  and  as  the 
alkali  acquires  solubility,  it  is  gradually  taken  up  by  plants,  and  accumu- 
lates in  their  substance  in  a  condition  highly  favorable  to  its  subsequent 
applications. 

Potassium- sal  Is  are  always  most  abiuu.ian!.  in  the  preen  and  tender  parts 
of  plants,  as  may  be  expected,  since  from  the  si:,  cvaporat  ion  of  nearly  pure 
water  takes  place  to  a  large  extent ;  the  solid  limber  of  forest -trees  contains 
comparatively  little. 

In  preparing  the  sal!  on  n.n  extensive  scale,  the  ashes  arc  subjected  to  a 
process  called  lixivia; ion  .■  I.hey  are  put  into  a  large  cask  or  tun,  having  an 
aperture  near  the  bottom,  stopped  by  a  plug,  and  a  quantity  of  water  is 
added.  After  some  hours  the  lienor  is  drawn  off,  and  more  water  added, 
that  the  whole  of  the  soluble  matter  may  lie  removed.  The  weakest  solu- 
tions aro  poured  upon  fresh  quaniilb'S  of  ash,  in  place  of  water.  The  solu- 
tions are  then  evaporated  to  dryness,  ami  the  resitlue  calcined,  to  remove  a 
little  brown  organic  matter:  the  product,  is  the  crude  potash  or  pearla.sh 
of  commerce,  of  which  very  large  quantities  are  obtained  from  Russia  and 
America.  This  salt  is  ivr\  impure  :  il  contains  potassium  silicate,  sulphate, 
chloride,  &c. 

The  purified  potassium  carbonate  of  pharmacy  is  prepared  from  the  erude 
article  by  addintr  an  equal  weight  of  cold  waler.  agitating  and  filtering: 
most  of  the  foreign  sails  are,  from  their  inferior  degree  of  solubility,  left 
behind.  The  solution  is  then  boiled  down  to  a  very  small  bulk,  ami  suffered 
to  cool,  when  the  carbonate  separates  in  small  crystals  containing  2  mole- 
cules of  water,  C()sKa.'20Hs;  these  are  drained  from  I  he  mother-liquor,  tind 
then  dried  in  a  stove.  . 

A  still  purer  sali  may  be  obtained  by  exposiog  io  a  red-heal  purified  cream 
of  tartar  (acid  potassium  tartrate),  and  separating  the  carbonate  by  solu- 
tion in  water  and  crystallisation,  or  evaporation  to  dryness. 
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Potassium  carbonate  is  eitremely  deliquescent.,  and  soluble  in  less  than 
its  own  weight  of  water:  the  solution  is  highly  alkaline  to  test-paper.  It 
is  insoluble  in  alcohol.  By  heat,  the  wal.nr  of  orysiullization  is  driven  otf, 
and  by  a  temperature  of  Cull  ignition  the  salt  is  fused,  but  not  otherwise 
changed.  This  substance  is  largely  used  in  the  arts,  and  is  a  compound  of 
l^ r-i -:i r  importance. 

Acid  potassium  carhonatc,  Ihjdi-ofi-.n  jioinssiani  wrhmuiir.,  or  Mono-pot/task 
carbonate,  COaKII  --  C0.,(  Ivllti; :  commonly  called  Uctriionate  of  potash.— 
When  a  stream  of  earbenio  aoid  gas  is  passed  iliron;;i.  a  oold  solution  of 
potassium  carbonate,  the  ■fUr.  is  rapidly  absorbed,  mnl  a  white,  crystalline, 
and  less  soluble  substance  separated,  which  is  the  acid  salt.  It  is  collected, 
pressed,  re-dissolved,  in  warm  water,  and  i.lie  solution  left  to  crystallize. 

Acid  potassium  carbonate  is  much  less  soluble  than  the  normal  earbon- 
ate :  it  requires  for  that  purpose  -i  parts  of  cold  water.  The  solution  is 
nearly  neutral  to  test-paper,  ;ir><!  hn.s  a  much  milder  taste  than  the  normal 
salt.  When  boiled  it  gives  off  carbon  dioxide.  The  crystals,  which  are 
large  and  beautiful,  derive  their  form  from  a  monoelinie  prism :  they  are 
decomposed  by  he.iit,  water  and  carbon  dioxide  being  evolved,  and  normal 
carbonate  left  behind : 

2CO,KH    =    COaKs    +     OHa     +     CO,,. 

Potassium  Sulphates.  — Potassium  forms  a  normal  or  neutral  sulphate, 
two  acid  sulphates,  an-l  nu  anhydi'osulphatc. 

Normal  potassium  vdpli.aU,  or  Jji/i<:(,i.v*,r  sulpliat?.  SO,K„  —  SO,(OK),  = 
SOj.OICj,  is  obtained  by  neutral  i/.in^-  the  acid  residue  lufi  in  the  retort  when 
nitric  aoid  is  prepared,  with  crude  potassium  carbonate.  The  solution 
yields,  on  cooling,  hard  irauspareui  cry  Ma  Is  of  I  lie  neutral  sulphate,  which 
may  be  re-dissolved  in  boiliint  water,  and  re -crystallized. 

Potassium  sulphate  is  soluble  in  ubntii  10  parls  of  cold,  and  in  a  much 
smaller  quanlily  of  bailitie:  water:  it.  has  a  hitter  taste,  anil  is  neutral  to 
test-paper.  The  crystals  are  combinations  of  rhombic  pyramids  and  prisms, 
much  resembling  lliu.se  of  (plan/  in  fan  re  mid  n  ppea.  ranee ;  they  are  anhy- 
drous, and  decrepitate  when  suddenly  heal  ed,  which  is  of] en  the  case  with 
salts  containing  no  water  of  crystallization.  They  are  quite  insoluble  in 
alcohol. 

Aoid  potassium  sulphate.  Ibidft'tm.  tnd  ,a<>>.'«7<(;>i  sn'i;h  'tit,  or  Monopotassic 
sulphate,  S04KH  —  ^O„j0K  j;01i)  =  St^.OKlt,  commonly  called  himlphale 
of  potash.  — Id  obdtiu  this  salt,  Ilie  neuiral  sulphate  in  powder  is  mised 
with  half  its  weight  of  oil  of  vitriol,  and  the  whole  evaporated  quite  to 
dryness  in  a  platim;-:)  vessel,  ph;eed  under  a  chimney:  the  fused  salt  is 
dissolved  in  hot  wafer,  and  left  ro  crystallize.  The  crystals  hare  the  figure 
of  flattened  rhombic  prisms,  and  arc  much  more  soluble  than  the  neutral 
salt,  requiring  only  iw;«  tneir  weight  of  water  at  lob",  and  less  than  half 
that  quantity  at  100°.      The   solution  has  a  sour  taste  and   strongly  acid 

Another  add.  sutpluH",  containing  ;S(l.1).!K1fi.!,  or  l?.SOJi.,.SO,H.,.  crystal- 
\\?\n$  in  line  needles  rosomblmc;  a-be-ios,  .i.i.-  obtained  Ijy  I'hillipi.  from  (lie 
nitric  acid  residue.  Jaoquolain  was  unsuccessful  in  his  attempts  to  repro- 
duce this  compound. 

The  anhydrosulphaft,  SO,K,.SO.]  =  2SO.,  OKj,  commonly  called  anhydrous 
bisulphite  of  potash,  is  obtained  by  dissolvina;  equal  woitthts  of  the  normal 
sulphate  and  oil  of  vitriol  in  a  stua't  <jui.nr.iiv  of  wiirm  distilled  water,  and 
leaving  the  solution  to  eool.  The  anhydrous  sulphate  crystallizes  out  in 
long  delicate  needles,  which  if  lei'l  for  several  days  in  the  mother-liquor, 
disappear,  and  give  place  to  crystals  of  ilie  ordinary  acid  sulphate  above 
described.  This  salt,  is  decomposed  by  a  bi.rge  quantity  of  water.* 
*  Jncquelnia,  Ann.  Cliim,  Phys.  [S],  vol.  vil.  p.  311. 
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Potassium  SciPurnKs. —Potassium  heated  in  sulphur  vapor  burns  with 
great  brilliancy.  It  unites  with  sulphur  in  five  ditfore.il  proportions, 
foi-niing  the  compounds  SK',,  ,-\,h".„  S^K...  H.lv.,  J$jKa;  also  n  sulph-hydrato, 
SKH. 

Mtinuxulptiide.,  SKS.  ■  —  It  is  douhllul  whether  this  compound  lias  been  ob- 
tained in  the  pure  state.  It.  is  commonly  said  to  bo  produced  by  heating 
potassium  sulphate  hi  a.  current  of  ilry  hydrogen,  or  by  igniting  the  same 
salt  in  a  covered  vessel  with  iiui'ly  divided  charcoal:  but,  according  to 
Bauer,  one  of  the  higher  sulphides  is  always  formed  :il  (he  same  time,  to- 
gether with  oxide  of  potassium.  The  produol  has  a  reddish-yellow  color, 
is  deliquescent,  and  acts  as  n  caustic  on  the  skin.  When  potassium  sulphate 
is  heated  in  a  cohered  crucible  v.-iib  excess  of  lamp-black,  a  mixture  of  potas- 
sium sulphide  anil  finely  divided  oarb  a  e.  is  obtained,  v.hioh  cukes  five  spontane- 
ously on  coming  in  contact  Willi  the  air.  The  uionosulphide  might  perhaps 
be  obtained  pure  by  healing  1  molecule  of  potassium  suiph-hydrato,  KHS, 
with  1  atom  of  the  metal. 

When  sulph-hydrie  acid   gas    is    passed    to    saturation   into  a  solution  of 
caustic  potash,  a  solution  of  the  su  lob-hydrate  is  obtained,  which  is  color- 
less at  first,  but  if  exposed  to  the   air,  quickly  absorbs    oxygen,  and  turus 
yellow,  in  consequence  of  the  formal-ion  of  bisulphide: 
2SKH     +     0     =     SaK2     +     OH,, 

If  a  solution  of  potash  be  divided  inlo  i.wo  equal  parts,  and  one  half 
saturated  with  hydrogen  sulphide,  and  then  mixed  wilh  [lie  other,  a  solu- 
tion is  formed  which  muy  oaiilub]  potassium  miuiosulphide  : 

SKH     +     OKH     =     SK,     +     OB,. 
But  It  is  also  possible   that,   (lie    liydrule   and    the   sulph-hydrate  may  mix 
without  mutual  decomposition.      The  solution,  when  mixed  with  one  of  the 
stronger  acids,  gives  off  hydrogen  sulphide  wiilmi.il.  deposition  of  sulphur, 
a  reaction  which  is  consistent,  will)  either  view  of  its  constitution. 

The  bisulphide,  S.,K;,  is  funned,  as  already  observed,  on  exposing  a  solu- 
tion of  the  siilpli-liydrati!  to  (he  air  till  it  begins  to  show  turbidity.  By 
evaporation  in  a.  vacuum,  ir.  is  obtained  as  an  orange-Colored,  easily  fusible 
substance. 

The  tn.xidjihi.ik,  S..K';,  is  obtained  by  passing  Ihc  vapor  of  carbon  bisul- 
phide over  ignited  potassium  carhouarc.  as  long  as  gas  continues  to  escape: 

2CO,Kj    +     8CRS     =    SS3K±    +     4CO     +     COs- 
AIso,  together  with  poiassium  sulpha  re,  form  in  g  one  of  the  mixtures  called 
liver  of  sulphur,  by  moiling  null  parls  14  molecules)  of  potassium  carbonate 
with  «::!!  parts  (ill  atoms)  of  sulphur: 

4CO„K,    +     8I()    =     S04K,    +     3S3K2     +     4CO,. 

The  telraaulphid/,  SJv,,  is  formed  by  reducing  jioiassium  sulphate  with 
the  vapor  of  carbon  bisulphide. 

The  pentas-itlpliiik,  SaK2,  is  formed  by  boiling  a  solution  of  any  of  the 
preceding  sulphides  with"  excess  of  sulphur  till  it.  is  saturated,  or  by  fusing 
either  of  them  in  (he  dry  .state  wilh  sulphur.  The  excess  of  sulphur  then 
separates  and  floats  above  the  dark-brown  pentasulphide. 

J/iivu-  of  sulphur,  or  liqair  sulpl'.uris.,  is  a  name  given  to  a  brownish  sub- 
stance, sometimes  used  in  medicine,  made  by  fusing  together  different 
proportions  of  potassium  carbonate  and  sulphur.  It  is  a  variable  mix- 
ture of  the  two  higher  sulphides  with  hyposu'.phite  and  sulphate  of  po- 
tassium. 

When  equal  parts  of  sulphur  and  dry  potassium  carbonate  arc  melted 
together  at  a  temperature  not  exceed  in;;  i'X\"  ('..  (48^  V .),  the  decomposi- 
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tion  of  the  salt,  is  quite  complete,  ami  all  lhe  carbon  dioxide   is   expelled. 
The  fused  mass  dissolves  in  wilier,  with  the  exception  of  a  little  mechan- 
ically mixed  sulphur;   u-ilh  d:irk-browu  coloe,  : l r l : L  the  solution  is  found  to 
contain  nothing  besides  pent  a -air;  hi  do  and  hyposulphite  of  potassium: 
SOKj    +     S,2    =     2S6K2     +     Ss03Ka. 

When  the  mixture  has  been  exposed  to  a  temperature   approaching  that 
of  ignition,  it  is  found,  on   the  contrary,  in   contain    potassium   sulphate, 
arising  from  the  decomposition  of  the.  hyposulphite  which  then  ooours: 
4S2OaKs     =     8.K,    +     3SO,K2. 

From  both  those  mixtures  the  potassium  pcniusulphidc  may  be  extracted 
by  alcohol,  in  which  it  dissolves. 

When  the  carbonate  is  fused  villi  half  its  weighl    of  sulphur  only,  the 
trisnlphide  is  produced,  as  above  indicated,  ins'.cad  of  lhe  peni.asulphide. 


The  effects    t  .  . 

hydrate  is  substituted  for  lhe  carbonate  :  also,  when  a  solution  of  the  hy- 
drate is  boiled  with  sulphur,  a  mixture  *f  sulphide  and  hyposulphite  al- 
ways results. 

I'ot.assiuni-salis  are  colorless,  e.dieu  not  associated  ivi'.'i  n  colored  metallic 
oxide  or'  acid.  They  are  all  more  or  less  soluble  in  water,  and  may  be 
distinguished  by  Hie  following  characters: 

(1.)  Solution  of  UrUira  ufid,  added  iu  excess  to  n  moderately  strong  solu- 
tion of  potassium-salt,  gives,  after  some  time,  n  while  crystalline  precipi- 
tate of  cream  of  tartar;   the  effect-  is  greatly  promoted  iiy  strong  agitation. 

(2.)  Solution  of  pioCni.'.t  eldorids  with  a  little  hydrochloric  acid,  if  neces- 
sary, gives,  under  similar  circumstances,  n  crystalline  yellow  precipitate, 
which  is  a  double  salt  of  platinum  tetrachloride  and  potassium  chloride, 
Both  this  compound  and  cream  of  larlav  are.  however,  soluble  in  about  60 
parts  of  cold  water.      An  addition  of  alcohol  increases  i  lie  delicacy  of  both 

(3.)  Perchloric  add,  and  miryif'/iinc  "'•id,  give  rise  to  slightly  soluble  white 
prcipifatcs  v.dien  added  to  a  piii.assium-sa.lt. 

(4.)  Potassium -sal  I  s  usually  color  the  outer  blowpipe-flame  purple  or 
violet:  this  reaction  is  clearly  perceptible  only  when  the  potassium-salts 

c  s  nihil  ed  by  potassium  compounds  are  mcii- 


SODIUM. 

Atomic  weight,  23.     Symbol,  Na.  (Natrium). 

Sodium  is  a  very  abundant  element,  und  very  widely  diffused.      It  occurs 

in  largo  quantities  as  chloride,  iu  rock-salt,  sea-water,  salt-springs,  and 
many  other  mineral  waters;  more  rarely  as  carbonate,  borate,  and  sul- 
phate, in  solution  or  in  the  solid  slate,  and  as  silicate  in  many  minerals. 

Metallic  sodium  was  obtained  by  Davy  soon  after  the  discovery  of  po- 
tassium, and  by  similar  means.  (biy-Liissac  and  Thenar.!  afterwards  pre- 
pared it.  by  decomposing  sodium  hydrate  with  met  all  ic  iron  at  a  white  heat; 
and  Bruutier  showed  thai  ii  may  be  prepared  wil  li  much  greater  facility 
by  distilling  a  mi.iturc  o:  sodium  ea.vbuuate  and  charcoal. 

The  preparation  of  sodium  by  this  inst-mentioucd  process  is  much  easier 
than  that  of  potassium,  not.  being  complicated,  or  only  to  a  slight  extent, 


,  by  Google 


300  MONAD  METALS. 

by  the  formation  of  secondary  products.     Within  the  lust  few  years  it  haa 

been  considerably  improved  by  lltvilie  anil  others,  and  carried  out  on  the 
manufacturing  seal'.',  sodium  being  now  employed  in  considerable  quantity 
as  a  reducing  agent,  especially  in  Hie  manufacture  of  aluminium  and  mag- 
nesium, and  :.:i  lim  silver  a''a':ea"-.ai  not  process, 

The  sodium  carbonate  used  tor  I  lie  preparation  is  prepared  "by  calcining 
t.bc  crystallized,  neutral  carbonate.  It  must  bo  thoroughly  dried,  then 
pounded  and  mixed  with  a  silglii  excess  of  pounded  charcoal  or  coal.  An 
inactive  substance,  viz..  pounded  chalk,  is  also  added  to  keep  the  mixture 
in  a  pasty  condition  during  the  operation,  and  prevent  the  fused  sodium 
carbonate  from  separating  i'roin  i  lie  charcoal.  The  following  are  the  pro- 
portions recommended  by  Deville : 

For  Laboratory  Operations.  ;         For  Mrm'ifiirUirhiff  Oparttlt'i/tx. 

Dry  sodium  carbonate,        717  parts   ■  Dry  sodium  carbonate,       30  kilogr. 

Charcoal 175      "         Coal 13      •' 

Chalk 108      "      j  Chalk 3      " 

These  materials  must  be  very  intimato'v  mived  by  permling  and  sifting, 
and  it  is  advantageous  to  calcine  the  mi  \i  ore  before  introducing  it  into  the 
distilling  apparatus,  provided  the  calcination  can  bo  ell'ecled  by  the  waste 
heat  of  a  furnace  .;  the  mix  lure  is  thereby  rendered  more  compact,  so  that 
a  much  larger  quantity  tan  bo  introduced  into  a  vessel  of  given  size. 

The  distillation  is  performed,  on  t.lie  laboratory  stale,  in  a  mercury  bottle 
heated  exactly  in  the  manner  described  for  the  preparation  of  potassium. 
For  manufacturing  operations,  the  mixture  is  introduced  into  iron  cylin- 
ders, which  are  heated  in  a  rev."  rim  roc  ory  furnate,  and  so  arranged  that, 
at  the  end  of  the  distillation,  the  exhausted  charge  may  be  withdrawn  and 
a  fresh  charge  introduced,  without  disputing  ihe  cylinders  or  putting  out 
the  tire.  The  receivers  used  in  either  case-  are-  the  same  in  form  and  di- 
mensions as  those  employed  in  the  preparation  of  potassium  (p.  291). 

When  the  process  goes  on  well,  the  sodium  collected  in  the  receivors  is 
nearly  pure;  it  may  be  completely  purified  by  melting  it  under  a  thin  layer 
of  naphtha.  This  liquid  is  decanted  us  soon  as  ilic  sodium  becomes  per- 
fectly fluid,  and  the  metal   is  run  into  muulds  like  those  used  for  ousiiug 

SoiilnM  Chloride;  Con m cm  S.ii/r,  XaCl.  —  This  very  important  substance 
is  found  in  many  parts  of  I  lit  world  in  solid  bods  or  irregular  strata  of  im- 
mense thickness,  as  in  Cheshire,  Spain,  t.ialieia,  and  many  other  localities. 
An  inexhaustible  supply  exists  also  iu  the  waters  of  the  ocean,  and  large 
quantities  are  obtained  from  saline  springs. 

Rock-salt  is  almost  always  so,,  impure  lor  use.  If  no  natural  brine-spring 
exists,  an  artificial  one  is  Ion  nod  by  sinking  a  shaft  into  the  rock-salt,  and, 
if  necessary,  introducing  waier.  This  when  saturated  is  pumped  up,  and 
evaporated  more  or  less  rapidly  in  large  iron  pans.  As  the  salt  separates, 
it  is  removed  from  Hie  bottom  of  the  vessel  by  means  of  a  scoop,  pressed 
while  still  moist  into  moulds,  and  then  transferred  to  the  drying-stove. 
When  large  crystals  art  required,  as  for  the  coarse-grained  bay-saH  used  in 
curing  provisions,  the  evaporation  is  slowly  conducted.  Common  salt  is 
apt  to  be  contaminated  with  magnesium  chloride. 

Sodium  chloride,  when  pure,  is  not  deliquescent  in  moderately  dry  air. 
It  crystallizes  in  anhydrous  cubes,  which  are  often  grouped  together  into 
pyramids,  or  steps,  it  requires  about  2}  parts  of  water  at  15-5°  C.  (00° 
r\)  for  solution,  and  lis  solubility  is  not  sensibly  ineeeused  by  heat;  it  dis- 
solves to  some  extent  in  spirit  of  wine,  but  is  nearly  insoluble  in  absolute 
alcohol.  It  melts  a.t.  a  red  heat,  and  is  volatile  at  a  still  higher  temperature. 
The  economical  uses  of  common  salt  are  well  knot 
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The  iodide  and  bromiJ?.  of  sv</i-:i,i  much  resemble  1  li n  corresponding  potas- 
sium-compounds: they  crystallize-  in  cubes  which  are  anhydrous,  and  very 
soluble  in  water. 

Sodium  Oxides,  —  Sodium  forms  a  monoxide  and  a  dioxide;  also  a  hy- 
drate corresponding  io  the  former. 

Sodium  Monoxide,  or  Anhydrous  Soda,  ONa.„  is  produced,  together  with 
the  dioxide,  whan  sodium  burns  in  tno  air,  and  may  be  obtained  pure  by 
exposing  the  dioxide  to  n  very  high  temperature ;  or  by  heating  sodium 
hydrate  with  an  equivalent  quantity  of  sodium:  ^ONall  -j-  Nas  =  20No,g 
+  H-.  It  is  a  gray  mass,  "'111011  )nelts  at  a  red  heat,  and  volatilizes  with 
difficulty. 

Sodium  EiidrnU,  or  Caustic  .S'-t't.,  ONalT  or  ONa„.  OIi„.  —  This  substance 
is  prepared  bv  decomposing  :i  sonic  wit  a;  dilute  Sfilur  ii'ii  i  if  sodium  carbonate 
with  calcium  hydrate  :  the  description  of  the  process  employed  in  the  ease 
of  potassium  hydrate,  ami  i  hi:  precautions  necessary,  apply  word  for  word 
to  that  of  sodium  hydrate. 

The  solid  hydrate  is  :i  white,  iWH.de  substance,  very  similar  in  properties 
to  potassium  hydrate.  It  is  deliquescent,  liu:  dries  up  again  after  a  time 
in  consequence  of  the  absorption  of  ('anionic  acid.  The  solution  is  highly 
alkaline,  and  a  powerful  solvent  for  animal  matter;  it  is  used  in  large 
quantity  for  malting  soup. 

The  strength  of  a  solution  of  caustic  soda  may  be  roughly  determined 
from  a  knowledge  of  Us  deusil  v,  by  the  aid  of  the  to  do  wing  table  drawn 
up  by  Dalian; 

i,  ONa,, 
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Sodium-  Diorith.  O..Xa„.  — Sodium,  when  heated  to  ab.uu  :!rHi"  it 
of  dry  air,  absorbs  oxygen,  and  is  converted  into  dioxide:  this 
white,  but  becomes  yellow  when  heateii,  which  tint  it  again  loses  on  cool- 
ing. It  is  soluble  in  water  without  decomposition:  the  solution  maybe 
evaporated  under  the  receiver  of  the  air-pump.  and.  when  sufficiently  con- 
centrated, deposits  crystalline  plates  having  the  composition  O.Aa^HOIL. 
These  crystals  left  to  etllovcs.ee  over  oil  of  vitriol  for  nine  days  lose  three 
fourths  of  their  water,  ami  yield  another  hydrate  containing  02Nar20H, 
(Harcourt).  The  aqueous  solution  ot"  sodium  dioxide  when  heated  on  the 
water-bath,  is  decomposed  into  oxygen  and  the  monoxide. 

Soutuji  CAniiox.iTES.  —  The  Neutral  or  Disodic  Carbonate,  CO3Nas.10OHj, 

was  once  exclusively  obtained  trout  the  ashes  of  sea-weeds,  and  of  plants, 
such  as  the  SaUoki  sod:/,  which  grow  by  the  sea-side,  or,  being  cultivated 
in  suitable  localities  for  tin,  purpose.,  are  aftem-ai-ds  subjected  to  incinera- 
tion. The  barilla,  still  employed  to  ■■>.  sinail  extent  iu  soup-making,  is  thus 
produced  in  several  places  on  the  coast  of  Spain,  as  Alicante,  Carthagena, 
&c.  That  made  in  liritlauy  is  called  varec. 
2G 
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Sodium  carbon ute  is  new  vmitnifactured  on  a  sbi pen dons  scale  from  com- 
mon sail-  by  a  series  of  processes  w  "; ■  L ■_■  li  ir;ay  he  divvied  inn.  i  v.-n  singes  :  — 

(1.)  Manufacture  of  sodium  sulphate,  or  salt  -cake,  from  sodium  chloride 
(common  salt);    (Jiis  is  called  tin:  salt-cake  process. 

(2.)  Manufacture  of  milium  carbonate,  or  soda-ash;  culled  tie  soda-ash 
process. 

(I.)  Salt-cake  process. —  Tins  process  consists  in  the  decomposition  of 
eominor.  suit  by  sulphuric  acid,  mii.1  ':s  effected  in  a  furnace  culled  the  Salt- 
cake  furnace,  of  which  fig.  164  represents  a  section.     It  consists  of  a  large 

Ftg.VH. 


covered  iron  pan,  placed  in  Urn  ectr.ru,  ami  heated  by  a  fire  underneath; 
and  tivo  roasters,  or  reverhet'a:  nry  :iiim.ices,  p.!  need  one  at  each  end,  and  on 
the  hearths  of  which  the  salt,  is  completely  liccompu-cd.  The  charge  of 
half  a  ton  of  Salt  is  first  placed  in  the  iron  p;iti,  and  then  the  requisite 
quantity  of  sulphuric  ueid  is  uVlowod  to  pass  in  upon  it,  Hydrbchhirie  aeid 
is  evolved,  and  escapes  threui;o  a  flue,  with  the  products  of  combustion, 
into  towers  or  scroll  hers,  tilled  with  coke  ami  bricks  moistened  with  a  stream 
of  water;  the  whole  of  the  acid  vapors  arc  thus  condensed,  and  the  smoke 
and  heated  air  pass  up  the  chimney.  After  the  mixture  of  salt  and  aeid 
has  been  heated  in  the  iron  pan,  it.  becomes  convened  into  a  solid  mass  of 
acid  sodium  sulphate  and  iiml..'coiiipesed  s.idium  chloride: 

SNaCl  4-  S0,Ha  =  NaCl  +  SO^Nall  +  HC1 
It  is  then  raked  on  to  the  heart  lis  of  I  lie  funnices  a',  each  side  of  '.lie  uecrim- 
posing  pan,  whore  the  rlamo  mid  licaicd  air  of  the  lire  com  pie  I  e  t'le  decom- 
position into  neutral  sodium  suddiute  anil  muriatic  acid: 
NaCl  +  SOjNaH  =  SO,Na,  +  HC1. 
(2.)  Soda-ash  process.  —  The  sulphate  is  next  reduced  to  powder,  and 
mixed  with  mi  equal  weight  of  chid'.:  or  limestone,  and  half  as  much  small 
coal,  both  ground  or  crushed.  The  mixture  is  thrown  into  a  reverberatory 
furnace,  and  heated  to  fusion,  with  euns'aut  stirring.  :'.  cwts,  are  about  tho 
quantity  operated  on  at  once.  When  the  decomposition  is  judged  complete, 
the  melted  matter  is  raked  from  i  lie  furnace  into  an  iron  trough,  where  it 
is  allowed  to  cool.  This  erode  product,  called  black  ash  or  batl~soda,  is 
broken  up  into  little  pieces,  when  cold,  anil  lisivin-lcd  with  cold  or  tepid 
water.  The  solution  is  evil  novated  ;u  dryness,  and  the  salt  caloined  with  a 
little  sawdust  in  a  suitable  furnace.  The  product  is  the  sodo-ash,  or  iSrili-ik 
alkali  of  commerce,  which,  when  of  good  qualify,  ci:.iii:ijns  from  4.8  to  52 
per  cent,  of  anhydrous  soda.  OX.-i...  partly  in  the  state  of  carhonate,  and 
partly  as  hydrate,  i  lie  veimdudoc  be  in  if  eh  icily  -odium  Midden  u  and  common 
sul',  wiili  occasional  i races  id  sulphite  or  hyposulphite.,  au.1  a'-u  cyanide 
of  sodium.  .  By  dissolving;  seiia-asb  in  hot.  water,  tillering  the  solution,  and 
then  allowing  it  tu  cool  slowly,  the  carbonate  is  deposited  in  large  trans- 
parent crystals. 

The  reaction  whiuli  takes  place  iu  the  oalcimtlioti.  of  the  sulphate  with 
chalk  and  eoal-dusl  seems  l„  coi;-;-!.  first,  ill  ice  coiivevsiiiu  of  the  soiliuni 
sulphate  iRtf>  suiohido  by  the  aid  ul"  the  coiabusiiblc  matter,  and,  secondly, 
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n  the  interchange  of  elements  bclivoeu  ilini  f- ■  j b -=  r .'i~i r e  ami  (lie  calcium  oar- 


their  water  of  crystallization;  when  this  hitler  has  been  expelled,  and  the 
dry  aalt  exposed  to  n  full  red  heat,  it  melts,  wii  Uout  undergoing  change.  The 
oommon  cryatala  dissolve  in  two  parts  of  cold,  and  in  less  than  their  own 
weight  of  boiling  waitr;  the  solution  has  a  strung,  disagreeable,  alkaline 
taste,  and  a  powerfully  a'.ks.iine  reaction. 

Hydrogen  and  Sr.diur.'t  C'ir:.0l\'.!.i-\  Itiitlriiw.i'u'.  Ounull.-I'i;  M-hwmUz  (far- 
bonate,  Add  Sodium  C.jrhanat.:,  CO.pNa.lI,'  or  COsTs'fi-s.(;t)jll2,  commonly  called 
Bicarbonate  of  soda.  —  This  Halt  is  prepared  Ivy  passing  carbonic  acid  gas 

into  a  cold  solution  of  the  neutral,  carb up,  or  by  placing  the  crystals  in 

an  atmosphere  of  the  gaa,  which  is  rapidly  absorbed,  while  the  crystals 
lose  the  greater  paid  of  their  water,  ami  pass  into  the  new  compound. 

Monosodie  carbonate,  pre  wave.  1  by  eil  Uer  process,  is  a  crystalline  white 
powder,  which  cannot,  be  re-di^solvnd  in  warm  waler  without  partial  de- 
composition. It  roijuires  JO  paris  of  water  :il  1  5-.V  i'ui'  solution :  the  liquid 
is  feebly  alkaline  to  test-  p.iper,  and  1ms  ii  nnndi  milder  (aste  than  that  of 
the  simple  carbonate  It  does  not  precipitate  a  subitum  of  magnesia.  By 
exposure  lo  hea.i..  the  sail  is  eonvorleil  into  neutral  carbonate. 

Dikydro-Mrmodic  Qtrborntle,  [OOjijNujr, .  201TS.  —  This  sail,  couimu-dy 
oa:!e  1  si.im/'u-i.rhihi.-.ii.-:  <■;'  sr,  ■/■<.  mar  in:  regarded  as  a  coin  pound  of  the  iioitira'. 
and  acid  salts  just  described  ( CO., !S a ..  ^.Kt.N'atl).  It  occurs  native  on  the 
banks  of  the  soda  lakes  of  Sukenna,  near  Kcz/an',  in  Africa,  where  it  is  called 
trona;  also  as  ura.o,  at.  the  bottom  of  a  bike  in  Maraoaiho,  South  America. 
II  is  produced  artificially,  though  with  some  difficulty,  by  mixing  the  mo- 
nosodie and  disodic  ea.rboiiat.es  in  the  proportion.-  above  indicated,  melting 
them  together,  drying  and  exposing  the  dried  mass  in  a  cellar  for  some- 
weeks;  it  then  absorbs  water,  becomes  crystalline,  and  contains  spaces 
filled  with  the  tetraaodte.  carbonate. 

Sodiam  and  1'olassi.um  C-Jrbona:-:.  110, \'a  Ii  .  fiOli,.  separates  in  monoelinic 
crystals  from  a  solution  containing  the    two  taidjooai.es  in   equivalent  pro- 

A  mixture  of  these  two  carlo. nares  in  equivalent  proportions  melts  at  a 
much  lower  heat,  than  either  of  the  salts  .separately  ;  such  a  mixture  is 
very  useful  in  the  fusion  of  silicates,  &o- 

AUaiUmetry.  —  Aii'ily-'i*  <>/ AHcn-'int-  Ily'lrules  mid  CarhnnaUs. 
The  amount  of  alkali  or  alkaline  carbonate  in  commercial  potash,  soda, 
or  ammonia,  is  estimate.!  Iiy  determining  I  lie  i|uani.ily  of  an  aoid  of  given 
strength  required  to  uoulralize  a  given  weight,  of  the  sample.  The  estima- 
tion depends  upon  the  facts  that,  the  alkaline  salts  of  strong  acida  (sul- 
phuric, oxalic,  &c.)  are  neutral  to  lii.inu.-';  ami  that  the  violet  solution  of 
litmus  is  colored  Mite  by  etuis-lie  alkaltos  or  alkaline  carbonates,  wine-red 
by  carbonic  acid,  nod  light  rod  by  strong  acids. 
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The  first  step  is  (he  proparai  imi  nf  the  standard  acid.  It  is  best  to  make 
tli is  liquid  of  such  strength  that  1000  cubic  centimetres  ft  litre)  siiM.Il 
contain  exactly  out  .1  i/ram-iiwlr.riih.  (;.  c,  1  molecule  fip-.i'-^i"!  in  '\  grams) 
Of  the  acid. 

About.  TO  rvsiiif  of  cuuecnlraiod  sulphuric  acid  are  diluted  with  about- 
600  grams  of  water  ;  when  I  lie  mix  I  live  is  cool,  the  volume  of  it  necessary 
to  saturate  S-3  grams  (one  I -decigram  moloeu'.e)  of  pure  anhydrous  sodium 
carbonate,  CO,Na3,  is  determined.*  l''or  this  purpose  -r'i  grains  of  freshly 
ignited  sodium  carbonate  are  dissolved  in  lun  water,  the  [solution  colored 
blue  with  a  few  drops  of  litmus,  and  the  acid  added  from  a  burette  or  al- 
kalimeter  (p.  305),  at  hist  drop  by  drop,  till  the  color  just  passes  from 
wine-red  to  light  red,  and  till  strips  of  iilmus-papcr,  moistened  with  the 
solution  begin  to  retain  I  lie  color  v.iicti  dry.  The  volume  of  acid  employed 
is  then  noted,  and  the  whole  diluted  so  us  to  approximate  to  the  required 
strength.  Suppose,  for  instance.  c!T  cubic  centimetres  of  acid  have  been 
used;  water  is  then  added  till  f.vury  101)  volumes  is  diluted  to  ^50  volumes, 
and  another  determination  is  made.  If  I'O  cubic  centimetres  are  now  re- 
quired to  saturate  (lie  ,( -decigram  alkaline  solul  ion,  every  SO  volumes  oft.be 
acid  roust  be  diluted  to  100,  and  the  result  Centre'  led  by  a  fresh  determina- 
tion; 100  cubic  cenlirnel  res  of  i  bis  acid  slum  id  exactly  saturate  5-3  grams 
of  sodium  carbonate,  and  will  contain  i  hali'-deemrain •molecule  of  acid; 
'I  cubic  centimetres  will  therefore  contain  1  niilLe.ratn-molecu.le  {O-0H8 
grani)t  and  will  saturate  2  milligram-molecules  of  an  alkali  (OKH  or 
ONaH),  or  1  milligram-molecule  of  arj  alkaline  carbonate  (0O5Kj  or  COaNa2). 

To  estimate  tin;  proportion  of  aikuli   in  a  commercial  sample,  a  weighed 

Sortion  of  the  substance  is  dissolved  in  wilier  (if  a  solid},  a  few  drops  of 
turns  added,  and  the  standard  acid  added  from  a  burette,  until  the  first 
permanent  appearance  of  a  Light  red  color;  and  I  lie  volume  of  acid  em- 
ployed is  read  off.  Kaeh  cubic  eencimetre  of  acid  corresponds  to  1  milli- 
gram-molecule of  alkali,  or  1  half  mill i seism  .molecule  of  alkaline  carbonate  ; 
i.  e.,  to  0  05:;  grain  sodium  carbonate,  l'O..Niiv.  0  ini'.l  gram  potassium  carbo- 
nate, C03Kj,  0.040  Sratn  cnuslie  soda  ONa.ll.  O-Om)  gram  caustic  potash  OKH, 
and  0'017  gram  ammonia  Mi.,]  and  a  simple  proportion  gives  the  amount 
of  alkali  or  all;a!ine.  carbonate  present  (e.  c.  10O  :  6-0  :  :  number  of  cubic 
centimetres  employed:  potassium  carbon.no  present).  liy  operating  on 
100  times  the  i-milligram-molccule  (r.  y.  G'U  grams  in  ihe  ease  of  potassium 
carbonate,  5*3  grams  in  the  case  of  sodium  carbonate),  all  calculation  is 
saved;  for  as  this  amount,  if  present,  ivouid  require  100  cubic  centimetres 
of  acid  for  its  saturation,  the  number  of  cubic  coin  imutres  actually  required 
at  once   indicates   t.ise    percentage   of  alkaline   carbonate.        The    burettes 

commonly  used  contain  Tit)  cubic  ccnti ires,  anil   are  graduated  into  half 

cubic  centimeters ;  so  that  by  operating  on  oil  limes  the  J-inilligram-mole- 
eulo,  the  number  of  divisions  employed  indicates  the  percentage. 

Sometimes,  instead  of  exactly  neutralising  the  alkali  with  the  standard 
acid,  it  is  better  to  add  the  acid  till  the  liinnis  assumes  n  distinct  light-red 
color,  then  heat  the  solution  lo  boiling,  and  add  a  small  excess  (5  to  10 
cubic  centimetres)  of  acid.  The  hot  solucion  is  freed  from  carbonic  acid  by 
agitation  and  by  drawing  air  through  it  with  a  glass  tube  ;  and  then  neu- 
tralized with  a  standard  solution  of  causiic  soda  i'lIKi  cubic  centimetres  of 
which  exactly  saturate  100  cubic  centimetres  of  the  standard  acid)  till  the 
color  just  changes  from  rod  to  blue.  fiince  tin;  acid  an  it  alkaline  solutions 
neutralize  each  other  volume  for  volume,  ir  is  only  necessary  to  deduct  the 
Dumber  of  cubic  centimetres  employed  oi"  I  he  latter  fin::,  ihat.  of  the  former, 
and  calculate  Ihe  amount  of  alkali  from  The  residue.  This  method,  called 
the  indifi-.i  in'  -frsii/u'ti  method,  is   preferable  to  the  direct  method  previously 


lecnlar  weight  of  snt|.]uirir.  itci.i  SOJlj  i- 
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described,  for  the  analysis  of  carbonates,  since  l.hr   change  from  blue  to 
red  is  more  distinctly  marked  than  that  from  one  .shade  of  red  to  another. 

The  standard  solution  of  caustic  soda  nuw  lie  kept  in  a  flask,  into  the 
cork  of  whieh  is  inserted  a  calcium  chloride  tube  filled  with  a  mixture  of 
sodium  snipiirlle  anil  qiiiekiiine,  which  cllectltaily  prevents  in.'  nbsut'ption 
i.if  .:;.i.]-lii.iiir  no  id.  If  the  burette  be  closed  with  a  similar  lube,  the  soda  so- 
lution may  remain  in  it  for  days. 

The  " alkalimoter "  or  "burette"  ia  a,  glass  tube  (fig.  16a)  i%  165. 
closed  at  one  end,  and  moulded  into  a  spool  or  lip  at  the  other,  "^ 
and  marked  with  any  convenient,  scale  of  coai.il  parts,  generally, 
as  above  mentioned,  into  10()  half  cubit!  centimetres.*  A  strip  of 
paper  is  pasted  on  the  tube  and  sullcred  lo  dry,  after  which  the 
insl  rillliejil  is  i'-i-.i  il  u:i'..:il  by  counterpoising  it  in  a  ncur'.y  upright, 
fiijsition  in  the  pan  of  a.  lm lance  of  mode  rale  delicacv  and  lve-ifrl:  ~ 
ing  into  it,  in  succession,  5,  10,  15,  20,  &c,  grams  of  distilled 
water  at.  4°  C.  (30-2  V.  j  until  the  whole  quantify,  amounting  to  50 
grams  (50  cubic  centime  i  res'),  has  been  introduced,  the  level  of  the 
water  ill  the  ("be  being,  after  each  addition,  carct'iti'v  marked 
wil.ii  a  pen  upon  the  strip  of  paper,  while  the  tube  is  held  quite 
upright,  ami  the  mark  made  between  the  top  and  bottom  of  the 
curve  formed  by  the  surface  of  the  water.  The  smaller  divisions 
of  the  scale,  of  a  hall'  cubic;  centimetre  each,  may  then  be  made 
by  dividing  with  compasses  each  of  the  spaces  into  10  equal 
parts.  When  the  graduation  is  complete,  and  the  operator  js 
satislied  v.-ilti  it-  areuiaiy.  the  marks  may  lie.  transferred  to  the 
tube  itself  by  a  sharp  tile,  and  the  paper  removed  by  a  little 
warm  water.  The  nninbers  are  scratched  on  the  gluss  with  the 
hard  end  of  the  same  file,  or  with  a  diamond.  Or  the  glass  is 
covered  with  etching  Mux.  the  male  ira.eed  noon  il.  with  a  fine 
needle  point,  and  the   marks  etched  by  exposing  the  tube  lo  the  vapor  of 
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The  ulkalimeter,  represented  in  fig.  I'Sn,  is  the  simplest  form  of  this  in- 
strument. The  touring  out  of  minute  quantities  is,  however,  greatly  facil- 
itated by  providing  the  measure  with  :i  narrow  dropping  tube,  fig.  106, 
the  lower  extremity  of  which  is  soldered  iru.i  i  he  measure,  while  the  upper 
one  is  bent  outward  and  sharply  cur  off  Thin  kind  (if  burette,  which  ia 
known  as  Gay-I.nssne's,  is  chiefly  used  in  1'niiice.  Tile  liquid  may  ha  very 
conveniently  poured  from  it;  but  it  is  rather  easily  broken,  so  that  its 
manipulation  requires  a  good  deal  of  rate.  This  delect  is  greatly  obviated 
in  the  burette,  fig.  107.  in  which  the  graduated  tube  is  provided  with 
a  spout  at  the  top,  there  being  at  tbo  same  time  an  orifice  for  pouring  in 
the  liquid. 

A  very  elegant  instrument  lias  been  contrived  by  Dr.  Molrr  of  Coblenlz. 
It  is  a  graduated  tube,  drawn  out  at  one  end  to  a  point,  to  which  is  at- 
tached, by  means  of  a  narrow  vulcanized  caoutchouc  tube,  a  short  glasa 
tube,  likewise  drawn  out.  to  a  point,  (tig.  Ki8).  There  is  a  small  space 
(about  J  inch)  between  the  two  cubes,  upon  which  i.s  fixed  a  metallic  clamp, 
a,  represented  in  its  actual  dimensions  in  lit;.  Iff').  This  clamp  shuts  off 
the  connection  between  I  lie  graduated  cylinder  and  (lie  small  glass  tube, 
But  by  pressing  witb  the  lingers  upon  the  ends,  li  h,  of  this  clamp,  it  opens, 
and  allows  the  liquid  lo  flow  out  of  the  lower  tube.  It  is  evident  that  by 
this  arrangement  the  amount  of  liquid  may  be  regulated  with  the  greatest 

It  is  often  desirable,  in  the  analysis  of  ea  rb  mi  ales,  to  determine  directly 
the  proportion  of  carbonic  acid:  the  following  methods  leave  nothing  to 
he  desired  in  point  of  precision: 

A  small  light  glass  flask  of  three  or  four  ounce*  capacity,  with  lipped 
edge,  is  chosen,  and  a  cork  fitted  to  it.  A  piece  of  tube  about  three  inches 
long  ia  drawn  out  at  one  extremity,  and  tilled,  by  means  of  a  small  cork 
and  a,  bit  of  bent  tube,  in  the  cork  of  the  flask.  This  tube  is  filled  with 
fragments  of  calcium  chloride,  prevented  from  escaping  by  a  little  cotton 
at  either  end:  the  joints  are  secured  by  sealing-wax.  A  short  tube,  closed 
at  one  extremity,  and  small  enough  to  go  into  the  flask,  is  also  provided, 
and  the  apparatus  is  complete.      Fifty  grains  of  the  carbonate  t<  " 


ined  are  carefully  welshed  out  and  introduced  into  the  flask,  together  with 
a  iittle  water;  the  small  tube  is  then  tilled  with  oil  of  vitriol,  and  placed 
in  the  flask  in  a  nearly  n prig: it  posit  ton,  ami  i 'amine  against  its  side  in 
such  a  manner  that  the  acid  does  not.  escape.  The  eoHc  and  calcium  chlor- 
ide tube  are  then  adjusted,  and  the  wlto'c  apparatus  accurately  counter- 
poised on  tho  balance  This  done,  the  flask  is  slight  Ij  inclined,  so  that  the 
oil  of  vitriol  may  sLowly  mix  with  the  other  substances  and  decompose  the 
carbonate,  tile  gas  from  which    escapes   in  a  dry  siatc   from   the  extremity 
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of  the  tube.     When   the   action    has   entirely  ceased,  lite   liquid   is   heated 

until  it.  boils,  ami  the  steam  bogina  to  condense  in  the  drying-tube;  it  ia 
then  left  to  cool,  ami  it:;;i:i),  wdion  the  loss  indicates  ttie  quantity  of 
carbon  dioxide.  The  acid  mast  bo  in  excess  after  the  experiment.  When 
enUdum  carbonate  is  thus  uuiilyjcd.  hyuvoehlorie  Lie  id  must  be  subslil  ni  ed 
for  the  sulphuric  acid. 

Instead  of  the  above  apparatus,  a  neat  arrangement  may  by  used,  which 
was  first  suggested  by  Will  ami  Ki-eseiiius.  it.  consists  of  two  small  glass 
flasks,  A  and  b,  the  latter  being  somen  liar,  smaller  than  the  former.  Each 
of  the  finsks  is  provided  with  a  i.l . >  1 1 1 )  1  _y  pcrt'oruied  cork.  A  lube,  open  at 
both  ends,  but  closed  at  t-iie  upper  extremity  by  means  of  a  small  quantity 
of  wax,  passes  through  the  cork  of  a  to  the  very  bottom  of  the  flask, 
whilst  a  second  tube,  reachim;  lo  ihe  boiloiu  of  n,  establishes  a  communi- 
cation  between  the  two  flasks.  The  cork  of  n  is  provided,  moreover,  with 
a  short  tube  d.  in  order  to  analyse  a  carbonate,  a  suitable  quantity  flifty 
grains)  is  put  into  i,  together  with  souse  water.  B  is  half  filled  with  con- 
centrate.:! sulphuric  aoid.  '.he  apparatus  tightly  fitted  and  weighed.  A 
small  quantity  of  air  is  now  sucked  out  of  ila.-k  is  by  means  of  the  tube  d, 
v.dicreby  tae  air  in  A  is  likeivisc  r:irc;ied.  On  allowing  the  air  to  return, 
a  quantity  of  the  sulphuric,  acid  ascends  to  Ihe  tube  •',  anil  Hows  over  into  flask 
A,  ea.tisi^  a  disrjigiigeieen!.  of  car'aon  dioxide,  which  escapes  at  d,  after 
having  been  no .fectly  urici  by  passing  Ihrough.  the  bottle  it.  This  opera- 
tion ia  repeated  until  flu-  wlns'l'e-  of  the  carl.mnaf  e  is  decomposed,  and  the 
proceas  terminated  by  opening  the  wax  stopper,  anil  drawing  a  quantity  of 
air  through  the  apparatus,  'ihe  apparatus  is  now  re-weighed.  The  dif- 
ference of  the  two  e.-eighings  expresses  ihe  quantity  of  carbon  dioxide  in 
the  compound  analyzed. 

Somism  Sulphate;  SOaNa,.10OR,,  commonly  called  Glauber's  salt,  is  a 
by-prodtiet  in  several  chemical  ov.era.tintis  and  an  intermediate  product  in 
the  manufacture  of  the  carbonate  as  above  described :  it  may  of  course  be 
prepared  directly,  if  wanted  pure,  by  adding  i.lilute  sulphuric  aeid,  to  sat- 
uration, to  a  solution  of  sodium  carbonate.  It.  erysia.lli/es  in  forms  de- 
rived from  an  oblique  rhombic  prism  ;  1  lie  crystals  contain  10  molecules  of 
water,  are  efflorescent,  ami  undergo  watery  fusion  ndieu  healed,  like  those 
of  the  carbonate:  they  are  soluble  in  twice  their  weight  of  cold  wafer, 
and  rapidly  increase  in  solubility  us  the  temperature  of  the  liquid  rises 
to  33°  C.  (91*6°  F  ),  when  a.  maximum  is  reached,  100  parts  of  water  dis- 
solving 117-9  parts  of  the  salt,  corresponding  to  t)2  parts  anhydrous  sodium 
sulphate.  When  the  salt  is  heated  beyond  this  point,  the  solubility  dimin- 
ishes, and  a  portion  of  sulphate  is  deposited.  A  warm  saturated  solution, 
evaporated  at  a  high  temperature,  deposits  opaque  prismatic  crystals, 
which  are  anhydrous.  The  ss.b.  has  a  si ig fitly  bitter  Piste,  and  is  purga- 
tive.     Mineral  springs  sometimes  contain  it.  as  that  at  Cheltenham. 

Sodium  and  Hydrogen  Sulpha!.?.,  or  Aeid  .Sodium  Sidphnt?.,  2RO,NaH.30Hs, 
or  S04Nfi,.i.S04fI.:,.;l(H!.„  commonly  called  liimi!i.iii,i/e  r,f  <oda.  ia  prepared  by 
adding  to  10  parts  of  the  anhydrous  neutral  sulphate,  7  of  oil  of  vitriol, 
evaporating  the  whole  to  denies.-,  a.ml  gent  li  igniting.  The  aeid  sulphate 
is  very  soluble  in  water,  and  has  an  aeid  reaction.  It  is  not  deliquescent. 
When  very  strongly  healed,  the  fused  sab.  gives  up  anhydrous  sulphuric 
acid,  and  becomes  neptritl  sulphate;  a  change  which  necessarily  supposes 
the  previous  formation  of  an  atdiydro-bisulphate,  fi04Mas.SOs. 

Sodium  Hvpf)SCi,nnnK.  S,0.,Na,,  -There  are  several  modes  of  procur- 
ing tjjis  salt,  which  is  now  used  in  eonsidesable  quantity  for  photographic 
purposes  and  as  anticlvlore.  One  of  the  best,  is  t.o  form  neutral  sodium  sul- 
phite, l>y  passing  a  stream  of   well-washed   aolphnroue   oxide   gas   into  a 
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strong  solution  of  sodium  carbonate,  and  then  digest  (he  solution  with 
sulphur  at  a  gentle  heat  during  several  dnys.  1 1  y  careful  evaporation  at  a 
moderate  temperature,  tin.'  suit  is  obtained  in  large  and  regular  crystals, 
which  are  very  soluble  in  water. 

Sodittm  Nitrate,  NOsNa.  —  This  salt,  sometimes  called  Cubic  Nitre,  or 
Chile  Saltpetre,  occurs  native,  and  in  enormous  quantity,  at  Tarapaca  in 
Northern  Peru,  where  it  forms  a  regular  Led,  of  great  extent,  along  with 
gypsum,  common  suit,  and  remains  of  recent,  shells.  The  pure  salt  com- 
monly crystallizes  in  rhombnhedruns.  rc-ier'/bliog  those  of  calcareous  spar. 
It  is  deliquescent,  and  very  soluble  in  water.  Sodium  nitrate  is  employed 
for  making  nitric  acid,  but  cannot  be  used  for  gunpowder,  as  the  mixture 
burns  too  slowly,  ami  becomes  damp  in  iIk-  ait'.  It  has  been  lately  used 
with  some  success  in  tiiiiii.-ui'  lj  it-  as  a  supoHieial  manure  or  top-dressing; 
also  for  preparing  ptu.aHsium  ui'.rulc  (p.  294). 

Sopium  Phosphates.  —  The  composition  mid  chemical  relations  of 
these  salts  have  alrea/l v  been  explained  iti  speaking  of  the  basicity  of 
acids  (p.  286), 

Disoinofort'ri-r-  P.vi.m.'.v/o.-,  or  1>:<n,!.:<-  0,~ih.,»lr,?:.h<t!f ;  Common  Tribasic  Phos- 
phate, l'O.NajH.iaOHj.  —  This  sail  is  prepared  by  precipitating  the  acid 
calcium  phosphate  ohiained  in  decomposing  bone-ash  by  sulphuric  acid, 
with  a  slight  excess  of  sodium  carbonate,  and  evaporating  the  clear  liquid. 
It  crystallizes  iu  oblique  rhombic  prisms,  which  are  efflorescent.  The 
crystals  dissolve  in  4  parts  of  cold  witter,  attd  undergo  the  aqueous  fusion 
when  heated.  The  salt,  is  bitter  ami  purgative  :  its  solution  is  alkaline  to 
test-paper.  Crystals  containing  7  molecules  of  wa.t.or,  and  having  a  form 
different  from  that  above  mentioned,  have  been  obtained. 

A  trkotlie  ortli(ij>hi/ph:i!.e,  sometimes  called  s':t,/f/-n.>/>/nttc,  I'OjNaj  120IL,  is 
obtained  by  adding  a  solution  ot  col-i  c  >od;i  to  the  preceding  salt.  The 
crystals  arc  slender  six-sided  prisms,  soluble  in  E  parts  of  cold  water.  It 
is  decomposed  by  acids,  ev-i.  rorh.ir.io,  but  vjffers  no  change  by  heat,  ex- 
cept the  loss  of  its  water  of  crystallization  Its  solution  is  strongly  alka- 
line. A  third  tribasic  phosphate,  uticii  superphosphate  or  Diphos- 
phate, I'OjNaHj.OHj,  may  b.-  obtained  by  i.dding  phosphoric  acid  to  the 
ordinary  phosphate,  until  it  cease-  r.  ■■■  ■ .  i  ptt.al.e  barium  chloride,  and 
exposing  the  concentrated  solution  in  cold.  The  crystals  arc  prismatic, 
very  soluble,  and  have  an  acid  reaction.  When  strongly  heated,  the  salt 
becomes  changed  into  monobasic  sodium  phosphate,  or  metuphospliale. 

Sodium..  Amirwm u.m,  ami  H'/iifiir/tn  I'iu.spi.ate  :  i'iiOihhiyrous  Salt;  Micro- 
soHmic  Salt,  P04Naf.N  II,}  11. -10 1 (2.  —  Sis  purls  of  common  sodium  phosphate 
are  heated  with  two  of  water,  until  the  whole  is  liquefied,  and  1  part  of 
powdered  sal-ammoniac  is  added:  com  men  sail  then  sepiical.es,  and  may  be 
removed  by  a  filler,  and  from  the  solution,  duly  concentrated,  the  micro- 
cosmic  salt  is  deposited  in  f.u'isnmtie  cryslals,  which  maybe  purified  by 
one  or  two  re-crystallizations.  Microcosms;  suit  is  very  soluble.  When 
gently  heated,  it  pa.cts  with  its  4  molecules  of  crystallisation  water,  and,  at 
a  higher  temperature,  the  basic  hydrogen  is  likewise  expelled  as  water, 
together  with  ammonia,  and  a  very  fusible  compound.,  sodium  met.aphos- 
phate,  remains,  which  is  valuable  as  a  flux  in  blow-pipe  experiments. 
Mici-oeosmic  salt,  occurs  in  decomposed  urine. 

Tetrasodie  Ffii>sp/i<ite  or  AW-Vm  /['iivph-xukiitc,  l'..0,N"i!5  10OFL,,  is  prepared 
by  strongly  heating  common  disodie  orthopbosphate.  dissolving  the  residue 
in  water,  and  re-crystallizing.  The  crystals  are  very  brilliant,  permanent 
in  the  air,  and  less  soluble  than  Ihc  original  phosphate  :  their  solution  is 
alkaline.  A  sodiohydric  pyrophosphate  has  been  obtained;  but  it  does  not 
crystallize. 


M'inoimlif  I'/ii '."/■  «'<',  or  ,?■''■■'.■■■.')!  Mi'i/ijihu.'iihuif,  PO..Ni:i,  \t.  obtained  by  beat- 
ing cither  the  acid  ttibaaic  phosphate,  or  miorocosmic  salt.  It  is  a  trans- 
parent glassy  substance,  fusible  n.r.  it  dull  red  heat,  deliquescent,  and  very 
soluble  iu  water.     It  refuses   to  crystallize,  but.  dries  up   into  a  gum-like 

If  this  glassy  phosphide  bo  cooled  very  slowly,  it.  separates  as  a  beauti- 
fully crystalline  mass.  l'<  may  Vhj  puiuiicd  by  means  •if  boiling  water  from 
the  vitreous  metaphosphatc.  which  will  not  cry  si  aliize.  Another  mctaphos- 
phate  has  been  obtained  by  adding  sodium  sulphate,  to  an  excess  of  phos- 
phoric acid,  evaporating  and  beating  so  upwards  of  ;![.')"  ;600°  F.).  Possibly 
these  several  metaphosphalcs  mav  be  represented  by  (he  formulas  P03Nn, 
PjOjNaj,  and  l'30,Na3.      (Graham.) 

The  tribasic  phosp Iiai.es  or  ort.hophosphatcs  give  a  bright-yellow  precipi- 
tate with  solution  of  silver  nitrate :  tin-  biba-ie  ami  monobasic  phosphates 
afford  white  precipitates  with  the  same  substance.  The  sails  of  the  two 
latter  olasses,  fused  wit  h  eicoss  of  sodium  carbonate,  viebl  orthophosphorie 
acid. 

Respecting  the  phosphates  intermediate  in  eomposiiion  between  the  raeta- 
phosphate  and  pyrophosphate  of  sodium,  discovered  by  Fleitinann  and 
Henneberg,  sec  page  287. 

SoDIltM  BOBAl'liS,  —  Th*  nattrirt  hunt!,-  or  mctahoroU:,  l!()aNa,  or  Ba03.0Naj, 
is  formed  by  fusing  common  bora*  ami  sodium,  carbonate  in  equivalent 
proportions,  ami  dissolving  t.he  mass  in  water.  It  forms  large  crystals 
containing  B0,Na.3OII2. 

The  i-iiiuidrol.onilc.  HAorali.  or  Horns,  ^llO.,Nii.l.!..03.'H')(tU.,  -.  ■  - IS..O.,. ()>.">,, . 
I  dull.,,  occurs  in  the  wafers  of  certain  lake,  in  Thibet  and  f'ersia  :  it  is  im- 
ported in    a   crude    state  from   the  East  Indies  under  the  name  of  tincal. 

When  purified  it  coiisrif.ut.es  the  bora\-  of  Co o'co.      .Much  boras  is  now, 

however,  manufactured  from  the  native  boric  acid  of  Tuscany,  and  also 
from  a  native  calcium  borate  called  /■,-.■</■  ■■;',.■■■■,  «  hich  occurs  in  southern.  Peru. 
Borax  crystallizes  in  sis-sided  prisms,  which  ctllorescc  in  dry  air,  and  require 
20  parts  of  cold,  and  (i  of  boiling  water  for  sol  ut  ton.  Imposed  to  heat,  the  10 
molecules  of  water  of  eryslaltL/ation  are  .is  lie  lied,  and  at,  a  higher  tempera- 
ture the  salt  fuses,  and  assumes  a  glassy  appearance   on  cooling:  in  this 

teristic  colors.  By  particular  management,  crystals  of  boras  can  be  ob- 
tained with  5  molecules  of  water :  they  are  very  hard,  and  permanent  in 
the  air.      Although    by  constitution    an    acid  salt,   borax  has  an  alkaline 

solving  the   oxides,  and   it.  sometimes   enters  into  tbe   composition  of  the 

gliize  with  which  stoneware  is  covered. 

Sodium  Sur.PHiOE,  SNa.;. —  Prepared  in  the  same  manner  as  potassium 
miHOSulphide:    it   separates   from    a   concentrated    solution   in  octahedral 

Crystals,  which  are  rapidly  decomposed  by  conta.ct.  with  the  air  into  a  mix- 
ture of  sodium  hydrate  anil  hyposulphite.  It-  forms  double  sulphur-salts 
with  hydrogen  sulphide,  carbon  hisutphido,  and  ol  hue  sulphur- acids. 

Sodium  sulphide  is  suppasod  to  enter  into  (he  composition  of  the  beauti- 
ful pigment,  ultramarine,  which  is  prepared  from  t.he  lapis  lasi/li,  and  is  now 
imitated  by  artificial  means.  An  intimate  mixture  of  ;!"  kaolin,  15  sodium 
sulphate,  22  sodium  carbonate,  IK  sulphur,  and  8  charcoal,  is  heated  from 
twenty-four  to  thirty  hours  in  largo  crucibles.  The  product  thus  obtained 
is  again  heated  in  eusi-irtm  boxes  at  a.  moderate  temperature  till  the  re- 
quired tint  is  obtained.      Alter   being  finely  pulverized,  washed  and  dried, 
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There  is  no  good  precipitant  fov  sodium,  all  its  suits  being  very  soluble, 
with  the  exception  oi'  the  ■tiiet>{r,tir:>r-mi;i\  which  is  precipitated  on  mixing  a 
solution  of  a  sodium  salt,  w  it.li  a  saint  ion  of  potassium  metantimonate;  the 
use  of  this  reagent,  in.  however,  attended  with  some  difficulties.  The  pres- 
ence of  sodium  is  often  dolcrmiucd  liy  negative  evidence.  The  yellow 
color  imparted  by  sodium  salts  to  the  unlet-  fiatue  of  Die  blowpipe,  and  to 
combustible,  matter,  is  a  chariiei  er  of  considerable  importance.  The  spec- 
tral phenomena  exhibited  by  sodium  compounds  are.  mentioned  on  page  88, 


AMMONIUM. 
The  ammonia  salts  are  most  conveniently  studied  in  this  place,  on  : 

of  their  close  anaiogy  to  i  hose   of  pola.-si i.m)   sodium.      Those  si 

formed  by  the  direct  union  of  ammonia  KIT,  with  acids,  and  as  i 
pnilllcd  out  (p.  J.f.iH).  they  may  be  regarded  as  compounds  of  acid  l-i 
CI,  N!):i!  Si\.  &<;.,  with  a'  basylous   radical  Nfl,,  .    "    ' 


te  part  as  potas 


n  and  sodium  in  then 


WE, 


The  radical  NI^  is  not  capable  of  existing  it 
lv  hie  It  is  left  on  removing  the  atom  of  ch!  urine 
N'II4C1.     Whether  the  double  molecule  N2Ua,  t 


vee  state,  iua.smuch  as 
is  simply  the  residue 
he  saluratod  tnoleeule 

,  1i:ih  a.  separate   exist- 


ence, is  a  different  question,  Ammuuinm  appears,  indeed,  to  he  capable 
of  forming  an  amulgam  v>  it  h  mercury ;  but  even  in  ibis  state  it  is  quickly 
resolved  into  nmmonin  um.l  free  hydrogen. 

When  a  globule  of  mereut'y  is  placed  on  a  piece  uf  moistened  potassium 
hydrate,  and  connected  with  Ihe  ncgntive  side  of  a  voltaic  battery  of  very 


moderate  power,  the, 
upon  which    the  alkali 
a  amalgam  of  pott 


it  being  completed  through  ihe  platinum  plate 
esfs,  decomposition  of  the  bitter  takes  place,  and 
i  is  rapidly  formed.  J.f  Ihis  experiment  be  now 
repeated  with  a  piece  of  sal-ammoniac  instead  of  potassium  hydrate,  a 
soft,,  solid,  metalline  mass  is  also  produced,  which  has  been  Called  the 
ammoniaml  tinmlfom .  and  considered  lo  contain  unimonium  in  combination 
with  mercury.  A  simpler  method  of  pvepa ring  this  com]. ound  is  the  follow- 
ing: A  little  mercury  is  put  into  a  lost-tube  with  a  grain  or  two  of  potas- 
sium or  sodium,  ami  a-er.t.le  heat  applied;    combination  ensues,  attended  by 
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heat  and  light.  When  cold,  the  fluid  amalgam  is  put  into  a  capsule,  and 
covered  with  a  strong  solution  of  sal-ainiiioniac.  The  production  of  an 
aminoniacal  amaigjim  'insUimiy  commences,  (lie.  mercury  increasing  pro- 
digiously in  volume,  and  becoming  quite  pasty.  The  increase,  of  weight,  is, 
however,  quite  trifling:  it  varies  from  rAro  ,0  i"Vs  l'l,rl-  Lelt  to  i,Belf> 
the  amalgam  quickly  decomposes  into  fluid  mercury,  ammonia,  and  hydro- 
gen; it  is  quite  possible,  indeed,  t.lint.  Hie  so  called  jimalgstm  may  be  nothing 
more  than  mercury  which  has  absorbed  ;i  cm-lain  quant it.y  of  these  gases, 
just  as  silver,  when  heated  to  a  very  high  tempcral  tiro,  is  capable  of  taking 
up  about  twenty  times  its  volume  of  oxygen  gas,  which  it  gives  up  again 

Tho  following  experiments  intely  inside  by  Weyls  jiflord  so  mewh  at  stronger 
evidence  in  favor  of  the  separate  'existence  of  ammonium.  When  lumps  of 
pnre  bright  sodium  are  placed  :tl  one  end  of  a  bent,  tube,  a  quantity  of 
silver  chloride  previously  siitunited  with  simuionia-gsis  ut  the  other,  the 
tube  then  sealed,  the  end  containing  flu:  silver-chloride  heated  in  a  bath  of 
caleium  chloride,  and  the  ol  her  end  immersed  in  cold  water,  the  sodium 
swells  up,  and  is  converted  i:ito  a  liquid,  w'nieh  is  coppoi'-ved  by  perpen- 
dicularly reflected,  greenis'ii-ycll'iv.-  by  :ildh|iieiy  reflected  liglit,  blue  in 
thin  films  by  transmitted  light.  This  liquid  is  fMlt-fimiwiuum  N^IIgNa,,  that 
is,  ammonium  NSHB  having  two  of  its  hydrogen  atoms  replaced  by  sodium. 
As  the  silver-chloride  cools,  and  the  amnion  iaqias  is  reabsorbed,  theKOdam- 
monium  decomposes  and  pnre  sodium  remains  behind,  having  a  dull  surface 
and  spongy  texture,  liy  again  heating  the  silver-chloride,  the  compound 
may  be  reproduced  any  nuuiiicr  of  times. 

Potussummouium,  '&.!i\6\\1i.  is  prepared  like  sodaminoniura,  and  exhibits 
similar  properties. 

Other  mctallammoniums  may  he  produceil  by  the  decomposition  of  so- 
dium- or  potass-ammonium.  Thus  when  a  mixture  of  a  metallic  chloride  or 
oxide  with  an  equivalent  quantity  of  sodium  is  exposed  in  the  manner 
above  described  ;,,  the  action  of  ammonia -gas,  the  gas  is  first  absorbed  by 
the  metallic  chloride  (or  oxide)  and  sifter  wards  by  the  sodium,  the  sodam- 
moniuin thus  formed  flowing  over  the  metallic  sail,  ami  reacting  upon  it 
without  much  rise  of  temperature.  With  a  mixture  of  barium- chloride 
and  sodium  ilis  reaction  appears  to  be: 

NjHjNn,    +     2NH,    -f    Ea"Cl2    =    NsHsBa"    -f     2NH3NaCl. 

Bn rmamorimm  forms  a  deep  blue  liquid  hstvir.g  a  metsillic  lustre.—  Cop- 
per-, Mercury-,  and  S'li:i-r-itii<iii-->i'!'ini  are  obtained  in  like  manner  from  the 
respective  chlorides',  ami  Ziiii'-'/niiHi.-ni'.'Hi.  from  the  oxide.  These  compounds 
are  likewise  very  unsuitjlc,  being  resolved,  even  iu  the  sealed  tube,  into 
metal  (which  appears  gray,  dull,  and  de.-i  itute  of  coherence)  and  ammonia. 
If  in  the  arrangement  ju>i.  described  the  metallic  chloride  be  replaced  by 
an  ammonium -salt.  e.;j„  .Nll/d  or  (MlJ„-iO..  similar  reactions  take  place, 
and  tho  tube  becomes  filled  with  a  bine  '.'.quid  mixed  with  excess  of  am- 
monia. This  blue  liquid,  which  is  aiso  formed  by  the  action  of  potassium 
hydrate  on  potassammoniutn,  jippears  i.n  consist,  of  nm-monhm  itself,  N,H8. 
II  is  even  more  unstable  than  the  rtio'iiliammoniiicis.  being  resolved  info 
ammonia  and  hydrogen,  partly  even  before  the  reaction  between  the  am- 
mnrum-salr  si  ml  1  he  soda onium  is  completed. 

But  whether  ammonium  has  any  -emirate  existence  or  not,  it  is  quite 
certain  that  many  ammoniacal  sriis  are  isomorphous  with  those  of  potas- 
sium ;  and   if  from  any  two  of  the   corresponding   salts,   as   the   nitrates, 
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KNO3  and  NH^NOj,  wo  subtract  the  radical  NOa  common  to  the  two,  there 
remain,  the  metal  K  and  Mm  group  H  II 4,  which  are,  therefore,  supposed  to 
be  isomorphous. 

Ammonium  Culo!iiiii\  Sai'.-aitmoniac!,  NTT^'l.  Hal-ammoniac  was  for- 
merly obtained  from  Egypt,  being  extracted  by  sublimulion  from  the  soot 
of  eaniebs'  dung:  it  is  now  largely  manufactured  from  the  aumioniacat 
liquid  of  the  gasworks,  ami  from  the  condensed  products  of  t  lit1  disiillal  ion 
of  bones,  and  oilier  animal  refuse,  in  Hie  pi-epai-a-iiou  of  animal  charcoal, 

These  impure  and  highly  offensive  solutions  are  trciLtcd  with  a  slight  ex- 
cess of  hydrochloric  acid,  by  which  the  free  alkali  is  neutralized,  and  the 
carbonate  and  sulphide  :ire  decomposed,  with  evolution  of  carbonic  acid 
and  sulphuretted  hydrogen  gases.  The  liquid  is  evaporated  to  dryness, 
and  the  salt  carefully  healed,  to  expel  or  decompose  the  tarry  matter;  it 
is  then  pnrilied  hy  sublimation  in  large  iron  vessels  lined  with  clay,  sur- 
mounted with  (ionics  of  lead. 

Sublimed  sal-ammoniac  has  a  fibrous  texture;  it  is  tough,  and  difficult 
to  powder. 

When  crystallized  from  wuler  it  se pa  rales,  under  favorable  circumstances, 
in  d  is  tine  I  en  lies  or  octoliedrons  ;  but  (lie  cry  sen  Is  are  usually  small,  and  a  jr. 
grcgaleil  ingel  li:.-v  in  rays.  It.  lias  a  sharp  sa-ine  taste,  and  is  soluble  "11  ::;;■ 
parts  of  cold,  and  in  a  much  smaller  quatiiiiy  of  hoi.  waier.  By  heat,  it  is 
sublimed  without.  'lecompusition.  The  crystals  arc  anhydrous.  Ammonium 
chloride  forms  double  salts  with  the  chloride*  of  magnesium,  nickel,  cobalt, 
3,  zinc,  and  copper. 


Ammonium  NrniArr.  XiLi'NIT.j.  is  easily  preuared  by  soling  amiinmiiim 
carbonate  to  slightly  diluted  nitric  arid  nnlil  neui  i-iili/.ai  ion  has  been  reached. 
By  slow  evaporation  at  a  moderate  temperature  il  crystallizes  in  six-sided 
prisms,  like  those  or"  potassium  n.brnie  ;  but,  oh  u-udly  prepared  for  making 
nil  rogen  monoxide,  by  quick  1 1 . i i i i  11;;  until  a  portion  solidities  completely  on 
Cooling,  it  forms  a  fibrous  and  indicium,  crystalline  mass. 

Ammonium  nitrate  dissolves  in  two  parts  of  cold  waier.  producing  con- 
siderable depression  of  temperature;  it  is  but  feebly  deliquescent,  and 
deflagrates  like  nitre  on  contact  with  heated  combustible  matter.  Its  decom- 
position by  heat  has  liccn  11]  ecady  explained  (p.  159). 

Ammonium  Sui.iuiait,  S04;.N  IT^l,.  -  -  I'repared  by  neutralizing  ammonium 
carbonate  with  sulphuric  acid,  or  1111  a  large  scale,  by  adding  sulphuric  acid 
in  excess  to  the  coal-gas  liquor  just  mentioned,  en.!  purifying  the  product 
by  suitable  means.  It  is  soluble  in  :>,  yen-is  of  cold  water,  and  crystallizes 
in  long,  flattened,  .six-sided  prisms.  It  is  entirely  decomposed,  and  driven 
off  by  ignition,  and,  even  to  a  certain  extent,  by  long  boiling  with  water, 
ammonia  being  expelled  and  the  liquid  rendered  acid. 

Ammonium  Carbonates  — IT.  Rose  admits  the  existence  of  a  cor. -id en.  Me 
number  of  these  salts,  to  which  he  assigns  very  Complicated  formula:;  but. 
according  to  K.  Kninte  Claire-Di-viUe."-  there  exist,  otdy  two  ammonium 
carbonates  of  definite  composition,  namely: 

(o  )  Ammonium  inn!  iluilrmrn.  Caniimttf,  or  Mano-omnvmie  ijnri.unaic, 
CO0(NII4)ll,  commonly  coded  UirnrliannU;  or  4r.nl  rui-i.tiuidi:  of  ammonia. — 
This  salt  is  obtained  by  saturating  an  aqueous  sobiriou  of  ammonia,  or  of 
the  sesquicarbon.it  e,  with  ea  ebonie  a  eld  gus  :m  by  treating  the  finely  pounded 
aesquioarbonate  with  strong  alcohol,  which  dissolves  out.  normal  or  diam- 
mojiio  carbonate,  leaving  11  residue  of  the  niono-ummoulc  salt.  Cold  water 
may  be  used  instead    of  alcohol  for  Ibis  purpose. ;   but.  it.  dissolves  a  larger 
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quantity  of  the  motto-ammotiio  carbonate.  All  a  m m on ium- curb onat.es  when 
left  to  themselves  tire  gradually  converted  into  tuono-ammonie  carbonate. 
This  salt  forms  large  crystals  belonging  to  tlic  trinielrtc  system.  According 
to  Deville  it  is  dimorphous,  bul.  never  ismiiorpbnus  with  monopotassic  car- 
bonate ;  when  exposed  to  the  air,  it  volatilizes  slowly,  anil  gives  off  a  faint 
amtnontacal  odor.  It  dissolves  in  S  paris  tjf  i-olJ  water,  the  solution  decom- 
posing gradually  at  ordinary  temperatures,  quickly  when  heated  above  30° 
C.  (86°  f.)  with  evolution  of  ammonia.  It  is  insoluble  in  alcohol,  but  when 
exposed  to  the  air,  under  alcohol,  it  dissolves  as  normal  earbonate,  evolving 
carbon  dioxide. 

It  has  been  found  unlive  in  eoi.sldei-nble  ountitity  in  the  deposits  of  guano, 
on  the  western  roast  of  Patagonia,  in  white  crystalline  masses,  having  a 
strong  ammoiiiaeal  odor.    . 

(6.)  Telrammomn-dih/drk  CtirboMk,  ''VVJ1  ls  :  l <  '03':3:  Nll^n,.  —  This 
salt,  commonly  called  irv/iii-fiiriioiLisli  nf  tiiit.>i\r,ni,i.  contains  the  elements  of  1 
moleeule  of  d'taminonic  ami  2  molecules  of  inmioatmaLUtic  carbonate,  into 
which  it  is,  in  fact,  resolved  by  treatment  with  water  or  alcohol : 
(CO^HH^H,  =  COa(Kirj2  +  S[(CO,(NH,)H]. 
It  is  obtained  by  dissolving  the  eommerma)  carbonate  in  strong  aqueous 
ammonia,  at  about  :io"J  0.  (?iiju  F.)  and  crystallizing  the  solution.  It  forms 
large  transparent  rectangular  pri-m-,  having  Iheir  summits  truncated  by 
ocruiiedral  faces.  These  crystals  decompose  very  rapidly  in  the  air.  (riving 
off  water  and  ammtmht,  and  being  converted  into  tttono-ainmouio  carbonate. 

The  normal  or  dt'.uia:,.«;iit:  furboiiftii'.,  t.'.OJW\^,.„  has  not.  been  obtained  in 
the  solid  state.  Commercial  carbonate  of  ammonia  [sal  volatile,  salt  of  harts- 
horn) consists  of  sesqitt-earbonatc  in  ore  or  less  pure.  It  is  prepared  on  the 
large  scale  by  the  dry  ili-tiilatiou  uf  hones,  harislnirn,  and  other  animal  mat- 
ter, and  is  purified  from  ml  kr  ring  empyreumat  ie  oil  by  subliming  it  once  or 
twice  with  animal  charcoal  in  east-iron  vessel-,  over  which  glass  receivers 
arc  inverted.  Another  meiliod  consists  in  homing  to  redness  a  mixture  of 
1  part  ammonium  chloride  m-  sulphate,  ami  2  parts  calcium  carbonate 
(chalk),  or  potassium  carbonate,  in  a  retort,  to  which  a  receiver  is  luted.* 

Ammonium  Sulpbipes,  —  Several  of  those  compounds  exist,  and  may  be 
formed  by  distilling  will:  sal-ammoniac  the  corresponding  sulphides  of 
potassium  or  sodium. 

Ammonium  tuvl  U-rhi,ii-:..  S-d;i/i,':i--,  or  AMni'iiiiitm  Salj.ii.-hy<haU,  S(MIJ1T, 
is  a  compound  of  great  practice  tn  ility  :  it  is  obluined  by  saturating  a  solu- 
tion of  ammonia  with  well-washed  sulphuretted  hydrogen  gas,  until  no 
more  of  the  latter  is  absorbed.  The  solution  is  nearly  colorless  at  first,  but 
becomes  yellow  after  a  time,  without,  however,  suffering  material  injury, 
unless  it  has  been  exposed  to  the  air.  It.  gives  precipitates  with  most  metal 
lie  solutions,  which  are  very  oflen  characteristic,  and  is  of  great  service 
in  analytical  chemistry. 

Ammoniacal  salts  are  easily  recognized  ;   they  are  all  decomposed  or  vola- 
tilized at  a  high  temperature;   and  when    heated  with   calcium  hydrate  or 
of  alkaline  carbonate,  they  give  off  ammonia,  which  may  be  recog- 
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nized  by  iis  odor  and  a.lkulino  rtlaetion.  Tlio  suits  are  all  moro  or  less 
soluble;  the  acid  tartrniii  and  t.hc  platis-iochl-ivhio  being,  however,  among 
the  least  soluble;  hence  ammonium  sulis  cannot  lie  distinguished  from 
potassium  salts  by  t.he  tests  at  tartaric  acid  and  platinum  solution.  When 
a  solution  containing  an  ammoniaeal  -a'-,  or  IVee  ammonia,  is  mixed  with 
patash,  rand  a  solution  of  mereuna  iodide  in  polasanitn  iodide  ia  added,  a  brown 
precipitate  or  coloration  is  immediately  |/,  reduced,  Consisting  of  dimercur- 
ammonium  iodide,  NHg/'I: 

HHj  +  2Hg"I2  =  NHg",I  +  SHI. 
This  is  called  Nessler's  test;  it  is  by  far  tie  most  delicate  test  for  ammonia 
that  is  known. 

A-mic  Acids  and  Amides. 

Sulfhamic  Acid. — When  dry  ammonia  gas  is  passed  over  a  thin  layer 
of  sulphuric  oxide  S03,  I  ho  gas  i*  absorbed,  and  :i  w  hite  crystalline  powder 
is  formed,  having  tins  composition  NJI^t-iO.,,  thai  is,  of  ammonium  sulphate 
minus  one  molecule  of  water: 

NsH6S03  =  S04  (HHJ,  —  OHj. 
It  is  not,  however,  a  salt  of  sulphuric  aoid:  for  ils  aqueous  solution  does 
not  give  any  precipitate  with  hai'yta-wat.er  or  soluble  barium  salts.  It.  is, 
in  fact,  the  ammonium  sab  of  suifi/iniit-c  acid,  an  aoid  derived  from  sulphuric 
acid,  SiO.il,  or  HU.,i'm>iH.  Siv  substitution,  of  Ihe  univalent  va.dical  Nil..*  for 
one  atom  of  hydroxy],  HO,  The  formula  of  lliis  acid  is  WyMH./ilf.  and 
that  of  its  ammonium  *alr.  Sin,;  M  LjVU4,  or  .SO:1NJ!f.  Ammonium  sul- 
phamate  is  permanent  in  the  air,  and  dissolves  nil  I  unit  decomposition  in 
water.  Its  solution,  evaporated  in  a  vacuum,  over  oil  of  vitriol,  yields  the 
salt  in  transparent,  colorless  crystals. 

The  solution  of  the  ammonium  sail,  mixed  with  baryta  -water,  gives  off 
ammonia,  and  yields  a  soiuiion  of  bur-inii  xuipl'itin'i:-:,  .;  su..NlT2)8Ha",  which 
may  be  obtained  by  evaporation  in  we'.',  defined  crystals;  and  the  solution 
of  this  salt,  decomposed  wish  poiass.-.im  sulphate,  yields  pataimum  sitl- 
phamate,  SO„NH,K. 

CtnBAMic  Acid. — When  dry  ammonia  pas  is  mixed  with  carbon  dioxide, 
the  mixture  being  kept  cool,  the  gases  combine  in  the  proportion  of  2 
volumes  of  the  former  to  1  volume  of  ihe  latter,  forming  a  pungent,  very 
volatile  substance,  which  condenses  in  while  flocks.  This  substance  has 
the  composition  CO2N,H0,  that  is,  of  normal  ammonium  carbonate,  C03 
(NHjjj,  minus  ono  molecule  of  water.  It  was  formerly  called  anhydrous  car- 
bonate of  ammonia  ;  lint,  like  the  preceding  salt,  is  not  really  a  carbonate, 
but  the  ammonium  salt,  of  an- frantic  iicK  t.H>,i  SI  I., Ml,  derived  from  carbonic 
acid,  COjHj  or  COfOII],,  by  substitution  of  amidogen  Kit,  for  ]  atom  of 
hydroxyl.  Ammonium  carbamate  dissolves  readily  in  water,  and  quickly 
takes  up  one  molecule  of  that  compound,  whereby  it  is  converted  into  am- 
monium carbonate.  When  treated  with  sulphuric  oxide,  it  is  c  Oliver  ted  into 
ammonium  sulphamate. 

Carbasiide,  CONjII,.  — W 
chloride   or  phosgene   gas,    CO("!la, 
having  this  composition; 

COClj  +  2NHj  =  2HC1  +  CQrT2Hj. 
This  compound,  which  is  likewise  formed  in  other  reactions  to  be  after- 
wards considered,  is  derived  from  earhoi.ie  acid,  C0(OH)a,  by  substitution 
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or  '1  atoms  of  arnidogen  for  2  atoms  of  hydroxyl.  It. differs  from  carbamio 
acid  in  being  a  nciiim!  .substance,  not  containing  any  hydrogen  oasily  re- 
placeable by  inetals. 

Other  bibasic  acids  likewise  yield  uti  a.mic  acid  stud,  a  neutral  amide  by 
substitution  of  1  or  2  atom*  of  amido.Licu  fur  hydro  v.  yl.  Tribasic  acids 
yield  in  like  maun  or  two  auiic  acids  and  one  neutral  amide,  and  tetrabasic 
acids  may  yield  three  iimic  acids  and  a  neutral  amide  ;  tlius,  from  pyro- 
[:li, HM:Liiri(r  acid.  I'.O-llj  =  C.O.jil'IOj),  are  obtained  the  three  amie  acids 
I'j06(NH2)H,,  i'.,05i>'H,;,,H.„  and  I'/^RHJH. 

Monobasic  acids,  wliieli  contain  but  one  atom  of  hydroxyl,  yield  by  tills 
mode  of  substitution  only  neutral  amides,  no  atriie  acids:  iitus,  from  acetic 
acid,  C.,IT,0..     -C,II.,0,.HO,  is  obtained  acetauiidc,  CJI;iO(NrTs). 

The  n'eutral  amides  may  also  be  regarded  as  derived  from  one  or  more 
molecules  of  ammonia,  by  substitution  of  univalent  or  multivalent  acid 
radicals,  for  hydrogen;  llms,  acctamidc  ---  ^'"UJi'^O) ;  carbamide 
N'"li  (CO)",  &c. 

By  similar  substitution  of  mr-iuls,  or  basylons  compound  radicals  for  the 
hydrogen  of  ammonia,  basic  compounds;  called  «»!.;"«'«,  are  formed.  Thus, 
when  potassium  is  gently  lieated  in  ammonia  gas,  ■»:  niuipotassmnmr.,  NII,lv, 
is  formed.  It  is  an  olive-green  substance,  which  is  decomposed  by  water 
"a  and  potassium  hydrate: 

NH,K  -f-  OH,  =  NH3  +  OKH. 
little  below  100°,  and  when  lieated  in  a  close  vessel,  ia  resolved 
and  triuolassamme: 

8NH2K  =  2NH3  +  NKS. 
The  latt.er  effervesces  violently  with   water,  yielding  ammonia  and  potas- 
sium hydrate ; 

NK,  -+-   30H,  =  NH3  -f  BOKII. 

Tlie  formation  and  properties  of  amides  and  amines  will  be  further  con- 
sidered under  Organic  Chemistry. 

Met  all  as™  onto  ms. — We  have  already  snoliou  of  the  formation  of  com- 
pounds which  may  be  regarded  as  derived  from  ammonium,  N2HB,  by  sub- 
stitution of  metals  for  hydrogen:  e.  ff.  sodaniinouiuni,  XlIeNa2.  Sails  of 
such  radicals  are  also  formed  in  several  ways.  Ammonia  gas  is  absorbed 
by  various  metallic  sabs  in  diii'eronr  nror.ertians,  farming  compounds,  sonic 
of  which  may  be  formulated  as  salts  of  mefall  ammo  uhiius.  Thus,  platinum 
dicbloride,  FIC1.„  absorbs  i.wo  molecules  of  ammonia,  forming  jdiilnxamnio- 
niitm  eJiinriik,  NJIJV.C1,;  and  platiiuiin  lei  rn  chloride,  lV'Tl^,  utisorbs 
four  molecules  of  ammonia,  forming  r-'ni'ii^nia-iitiuni  ehhrUh,  .N.ll  LJ'i".l  :]4. 
In  like  manner,  uuuric  chloride  and  sul|ih:ile  form  I  lie  chloride  and  sulphate 
0}    e„pr,:mi,u„lhnn,   iN.,1  l6Cn".  CI,  and   V,H(iCu-''.S04.    ■ 

Similar  compounds  arc  formed  in  many  eases  by  precipitating  metallic 
salts  with  ammonia,  or  a.mini.niia.eal  sali>  :  rims,  ammonia  added  to  a  solution 
of  mercuric  chloride,  IfgCl...  for  ins  a  while  prooipitalc,  consisting  of  dimer- 
ourammoniunt  chloride.  X 3 1  ] ^ fl sj; ' ■'.,. *'."  1 ., ;  and  by  dropping  a  solution  of  mer- 
curic chloride  inio  a  boiling  sohuion  of  sal-ammoniac  mixed  with  free  am- 
monia, crystals  are  uluained,  consisting  of  rti?r-:iiritini)ti.ii.ituit  chloride,  V-Ji, 
Hg".Cl2.  Some  of  these  compounds  will  be  further  considered  in  con- 
nection with  the  several  metals. 
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LITHIUM. 
Atomic  weight,  7.     Symbol,  Li. 
Lithium   ia   found  in  petalite,  spodume;io.  :t.-^iidi)i.:! i',  ii'loliyi'ln 


The  metal  is  obtained  by  rusiiiff  pure  Si:liiiiKi  chloride  in  a  small  thick 
porcelain  crucible,  and  decomposing  the  fused  chloride  by  electricity.  It 
is  a  white  metal  like  .sodium,  and  very  osidi/ablc.  Lithium  fuses  at  180; 
C.  (356°  P-);   its  spucilii?  gravity  is  <)■■!)!>:    it  if.  therefore,  r.he  lightest  soli  J 

A  lithium  salt  may  be  obi  iiiued  from  pelulitc  on  the-  small  seale,  by  the 
following  process:  The  mineral  in  reduced  to  :m  exceedingly  fine  powder, 
mixed  with  five  of  sis  limes  ils  weiirln  of  pure  calcium  carbonate,  and  the 
mixture  healed  lo  whiteness,  in  «  pluriiiiuri  crucible  placed  within  a  well 
covered  earthen  one,  for  tweniy  minmes  or  bull'  an  hour.  The  shrunken 
coherent  mass  is  digested  in  liiluie  h  Yi.iruchior.e  acid,  the  whole  evaporated 
to  dryness,  acidulated  water  added,  ami  I  ho-  silica  separated  by  it  filter. 
The  solution  is  tlieti  mixed  iviih  ammonium  oarbonaU'  in  excess,  boiled, 
and  filtered;  the  clear  liquid  is  evaporated  to  dryness,  and  genlly  heated 
in  a  platinum  crucible,  to  expel  the  pal-ammoniac  ;  and  the  residue  is 
wetted  with  oil  of  vitriol,  gently  evaporated  once  more  to  dryness,  and 
ignited:   pure  fused  lithium  sulphate  then  remains. 

This  process  ivill  servo  lo  give  a  good  idea  of  the  general  nal  it  re  of  (lie 
operation  by  which  alkalies  are  cstracicd  in  mineral  analysis,  and  their 
o-uaulitics  determined. 

LitMwm  hydrate,  J.i.ll.O,  is  much  less  soluble  in  water  than  the  hydrates 
of  potassium  and  sodium-,  the  curhmfilf  and  jiI\i;s/,Ihi!i-  are  also  sparingly 
soluble  sails.  The  rhlarittt  crystallizes  in  anhydrous  cubes  which  are  deli- 
quescent. Lithium  snl/ilmJe.  is  a  very  beautiful  salt;  it  crystallizes  in  length- 
ened prisms  containing  one  molecule  of  water.  It  gives  no  double  salt 
with  aluminium  sulphate. 

The  salts  of  lithium  color  the  outer  flame  of  (he  blowpipe  earmine-red. 
The  spectral  phenomena  exhibited  by  lithimu  compounds  are  mentioned 
on  page  8y. 


CJESIUM  AHD  RUBIDIUM. 
Cs  =  133.  —  Hb  =  85-4. 

The  two  metals   designated   by  these    names  were   discovered  by  1! 
and  Kircliboir  by  means  of  their  spectrum    apparatus   mentioned   on 
88:   the  former  in  18f>0  and  the   latter  in  58i 
are  widely  diffused  in   nature,  but,  always  0 

they  hare  been  dot.oetod  in  many  mineral  waters,  as  won  as  in  some  min- 
erals, namely,  lithia-miea  or  lejiidolito,  and  jietiilirc;  lately  also  in  fel- 
spar; they  have  also  been  found  in  the  alkaline  ashes  of  the  beet-root. 
The  brine  of  Diirkheim  has  up  to  the  present  moment  been  the  richest 
source  of  cieshim.  The  best  material  for  the  preparation  of  rubidium,  is 
lepidolite,  which  has  been  found  to  contain  as  much  as  0-2  per  cent,  of 
that  metal.  Both  metals  are  closely  analogous  (o  potassium  in  their  de- 
portment, and  cannoi  be  distinguished  from  thai  metal  or  from  one  another, 
either  by  reagents  or  before  the  blowpipe. 
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Rubidium  and  otcsium,  liko  potassium,  form  double  salts  with  tetra- 
chloride of  platinum,  which  are,  however,  much  more  insoluble  than  the 
corresponding  potassium  salts  :  it  is  on  this  property  that  the  separation 
of  those  metals  from  potassium  is  hasod.  The  mixiuro  of  nlalinoehloridcs 
is  repeatedly  cxtvacicd  with  boiling  wider,  when  a  difficultly  soluble  re- 
sidue, consisting  chiefly  uf  ihc    platiuochloridcs  of  caesium  and  rubidium, 

The  hydrates  of  these  new  metals  are  uawerfu1.  imscs,  which  attract  car- 
bonic acid  from  the  air,  passing,  first  into  normal  carbonate  and  then  into 
acid  carbonate.  Ca;sium  carbonate  is  soluble  in  absolute  alcohol;  rubi- 
dium carbonate  is  nearly  .iu-ior,dile  in  thai  liquid:  (his  property  is  made 
use  of  for  the  separation  of  these  two  metals.  The  chloride  crystallizes 
in  cubes,  and  is  somewhat  mure,   soluble   in  water  than  chloride  of  potas- 

ltubidium  chloride,  when  in  a  stale  of  fusion,  is  easily  decomposed  by 
the  electric  current ;  the  nici.ai  produced  rises  Us  the  surface  and  burns 
with  a  reddish  light.  If  this  experiment  be  performed  in  an  atmosphere 
of  hydrogen,  to  prevent  oxidation.  Ihe  so  para  led  metal  is  nevertheless  lost, 
dissolving  as  it  does  in  ihe  fused  chloride,  whieh  is  transformed  into  a 
subchloride  having  the  blue  color  of  smalt,  .  .Rubidium,  when  separated 
under  mercury  by  Ihe  electric  current,  forms  a  crystalline  amalgam  of  sil- 

tha  cold.  Caesium  chloride,  under  the'  influence  of  the  electric  current, 
exhibits  exactly  the  same  deport.nioid  as  rubidium  choridc.  Rubidium  is 
electro -positive  towards  potassium,  ciosluth  is  eleolro- positive  towards  ru- 
bidium and  potassium,  and  thus  eens-i:utes  the  most  electro-positive  member 
of  the  elements. 


SILVER. 
Atomic  weight,  108.     Symbol,  Ag  (Argentum). 

Silver  is  found  in  the  metallic  state,  as  sulphide,  in  union  with  sulphide 
of  antimony  and  sulphide  of  arsenic,  also  as  chloride,  iodide,  and  bromide. 
Among  the  principal  silver  mines  may  be  mentioned  those  of  the  Harti 
mountains  in  Germany,  of  Kones'aer;;  in  Norway,  and,  more  particularly, 
of  the  Andes,  in  both  North  ami  ~iout.li  America. 

The  greater  part  of  the  silver  of  conn  no  roe  is  extra  c  led  from  ores  so  poor 
as  to  vender  any  process  of  tnnlliiifi  or  fusion  inapplicable,  even  where  fuel 
could  he  obtained,  and  this  i.s  often  difficult  lo  be  procured.  Recourse, 
therefore,  ia  had  lo  another  method  —  that  of  ff-m'%nw«rf»»— founded  on 
the  easy  solubility  of  sih  or  and  many  oilier  mela.ls  in  metallic  mercury. 

The  amalgamation  |irocess  adopicu  i:i  (levmany — wliich  (tillers  somewhat 
from  that  in  use  in  America  —  is  as  follows:  The  ore  is  crushed  to  powder, 
mixed  with  a  quantity  of  common  salt,  and  roasted  at  a  lew  red  heat  in  a 
suitable  furnace,  by  which  1  real tn cut  any  sulphide  of  siU'cv  it  may  contain 
is  converted  into  chloride.  The  mixture  of  earthy  matter,  oxides  of  iron, 
copper,  soluble  salts,  silver  chloride,  and  metallic  silver,  is  sifted  and  put 
into  large  barrels  made  to  revolve  on  axes,  will)  a  quantity  of  water  and 
scraps  of  iron,  and  thcwliolc  is  agitated  together  for  some  time,  during 
which  the  iron  reduces  Ihe  silver  chloride  to  flu;  stale  of  metal.  A  certain 
proportion  of  mercury  is  then  introduced,  and  the  agitation  repeated:  the 
mercury  dissolves  out  ihe  silver,  loam  her  witli  gold,  if  there  be  any,  metal- 
lic copper,  and  other  substances,  formii.«.'  a  fluid  amairaitm  easily  separable 
from  the  thin  mud  of  earthy  matter  by  .subsidence  and  washing.  This 
amalgam  it?  strained  through  a  strong  linen  cloih,  and  the  solid  portion 
27* 
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exposed  to  heat  in  a  kind  of  retort,  by  which  the  remaining  mercury  ia 
distilled  off  ami  the  silver  lr.it  behind  in  an  imp  are  state. 

Considerable  loss  often  occurs  in  the  ainalganuii  ion  process  from  the  com- 
bination of  a  portion  of  ilm  mercury  with  sulphur,  oxygon,  &e.,  whereby 
it  is  brought  into  a  pulverulent  condition,  known  as  <■  flouring,"  and  is  then 
liable  to  he  washed  aiva;,  together  with  the  silver  it  Lu  taken  up.  This 
inconvenicnoe  may  he  prevented,  as  suggested  hy  llr.  Crookes,  hy  amalga- 
mating the  mercury  wiih  1  or  i!  per  sent,  of  sodium,  which  by  its  superior 
affinity  for  sulphur  and  oxygen,  prevents  the  mercury  from  becoming 
Soured. 

A  considerable  quantity  of  silver  if  obtained  from  .irgentiferous.  galena: 
in  fact,  almost  every  speeimen  of  native  lead  sulphide  is  found  to  contain 
traces  of  this  metal.  When  the  proportion  rises  to  a  certain  amount,  it 
becomes  worth  extracting.  The  ore  is  reduced  in  the  usual  manner,  the 
whole  of  the  silver  remaining  with  I  tie  lead ;  the  latter  is  then  re-melted  in 
a  large  vessel,  and  allowed  to  cool  slowly  until  sol  id  in  cation  commences. 
The  portion  which  first  oryst  allies  is  nearly  pure  lead,  I  lie  alloy  with  silver 
being  more  funib/.,-.  I /.an  lead  iim-if:  by  pi  rtieubn'  management  this  is  drained 
away,  and  is  found  to  contain  nearly  tlic  wlmle  of  (lie  silver  [Pattinson's 
process].  This  rich  mass  is  next  exposed  to  a  red  heat  on  the  shallow 
hearth  of  a  furnace,  while  a  stream  of  air  is  allowed  to  impinge  upon  its 
surface;  oxidation  taken  place  with  great  rapidity,  t tie  fused  oxide  or  lith- 
arge being  constantly  swept  from  the  metal  by  the  blast..  When  the  greater 
part  of  the  lead  has  been  [tins  removed,  itio  res  id  no  is  transferred  to  a  atpd 
or  shallow  dish  made  of  bone-ashes,  and  again  heated  :  the  last  portion  of 
the  lead  is  now  o^idimi,  and  the  oxide  sinks  in  a  melted  state  into  the 
porous  vessel,  while  the  silver,  almost  chemically  pure,  and  exhibiting  a 
brilliant  surface,  remains  behind. 

Pure  silver  may  be  easily  obtained.  The  metal  is  dissolved  in  nitric  acid: 
if  it  contains  copper,  (lie  sol  m  ion  will  have  a  blue  lint ;  gold  will  remain 
undissolved  as  a  black  powder.  The  solution  is  mixed  wit.li  hydrochloric 
acid  or  with  common  salt.,  and  the.  white,  insoluble,  em  iW  precipitate  of  sil- 
ver chloride  is  washed  and  dried.  This  is  then  mixed  with  about,  twice  its 
weight  of  anhydrous  sodium  carbonate,  and  the  mixture,  placed  in  an 
eari.ii  en  crucible,  is  gradually  raised  to  a  tempera  I  m  e  approaching  white- 
lies,  duriiig.wli:cli  the  -ii:i]:uu  earlvniale  ami  tin  silver  chloride  reai-l  linen 
each  other;  carbon  dioxide  and  oxygen  escape,  while  metallic  silver  and 
soda  chloride  result:  the  former  melts  into  a  button  at  the  bottom  of  the 
crucible,  and  is  easily  detached.  The  i'olbnv  i,l;.  ■;,,  perhaps  the  most  simple 
method  for  the  red  net  ion  of  silver  chloride.  The  silver- salt  is  covered  with 
water,  to  which  a  few  drops  of  sulphuric  acid  are  added  ;  a  plate  of  line  is 
then  introduced.  The  silver  chloride  sunn  begins  to  decompose,  and  is, 
after  a  short  time,  entirely  o Oliver: ed  into  metallic  silver  ;  the  silver  thus 
obtained  is  gray  and  spongy;  it  is  nli  imaleiy  pinilied  by  washing  with 
slightly  acidulated  water. 

Pure  silver  has  a  most,  perfect  white  color  and  a  high  degree  of  lustre: 
it  is  exceedingly  mallea.ble  and  iiae:ilo,  and  is  probably  the  best  conductor 
both  of  heat  and  electricity  known.  Its  specific  gravity  is  105.  In  hard- 
ness it  lies  between  gold  ami  topper,  ft  ine.il s  at  n  h right  red  heat,  about 
1023°  C,  (1873°  F.),  according  to  tiie  observation  of  Mr.  Daniell.  Silver  is 
unalterable  by  air  and  moisture:  it.  refuses  to  oxidize  at.  any  temperature, 
but  possesses  the  extraordinary  faculty  ulready  noticed  of  absorbing  many 
times  its  volume  of  u.xygen  when  strongly  healed  in  an  atmosphere  of  that 
gas,  or  in  common  ail'.  The  oxygen  is  again  disengaged  at  the  moment  of 
solidification,  and  gives  rise  (o  the  peculiar  arborescent  appearance  often 
remarked  on  the  surface  of  masses  or  buttons-  of  pure  silver.  The  addition 
of  'I  per  cent,  of  copper  is  sufficient  lo  prevent  the  absorption  of  oxygen. 
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Pilvur  oxidizes  when  hciiied  with  fusible  silie.iOus  matter,  as  glass,  which  it 
stains  yellow  or  orange,  Iron,  the  formation  of  n  silicate.  It  is  little  attacked 
by  hydrochloric  acid:  boiling  oil  of  viiriol  converts  ii  into  sulphate,  with 
evolution  of  sulphurous*  oxide ;  rsilrio  acid,  oven  dilute  mid  in  the  cold,  dis- 
solves it  readily.  The  tarnishing  of  surfaces  nf  silvnr  ex posed  to  the  air  is 
due  to  hydrogen  sulphide,  the  mcl.al  having  a  strong  attraction  foi-  sulphur. 

Silver  Ciu.okidks.  — Two  of  these  compounds  are.  known  containing  re- 
spectively 1  and  2  atoms  of  silver  to  1.  atom  of  chlorine  ;  the  second,  how- 
ever, is  a  very  unstable  compound,* 

The  Mtmorfdcride  or  .Ivy rutin  Chloride,  Aft  CI,  is  almost  invariably  pro- 
duced when  it  soluble  silver  sail-  and  a  soluble  chloride  are  mixed.  It  lulls 
as  ii  white  curdy  precipitate,  quite  insoluble  i'i  water  ami  nitric  acid;  but 
one  part  of  silver  chloride  is  solnblo  in  :!(.)( i  puns  of  Ii yi!ro  chloric  acid  when 
concentrated,  and  in  ahoul  (j(Ji)  pun-  wben  diluied  with  double  its  weight 
of  water.  When  healed  it.  molls,  ami  on  cooling  becomes  si  grayish  ervs- 
tallino  mass,  which  cuts  like  horn:  it  is  found  native  in  this  condition, 
constituting  the  horn-silver  of  the  mineralogist.  Silver  chloride  is  decom- 
posed by  light,  both  in  the  dry  and  in  the  wet  state,  very  slowly  if  pure, 
and  quickly  if  organic  matter  lie  present:  it.  is  reduced  also  when  put  into 
water  with  metallic  zinc  or  iron.  It  dissolves'  with  great  ease  in  ammonia 
and  in  a  solution  of  potassium  cynnhle.  I.u  ]>raeircal  analysis  the  propor- 
tion of  chlorine  or  hyilroelilnnc  ::eiil  in  is.  compound  is  always  estimated 
by  precipitation  with  silver  solution.  The  liquid  is  acidulated  with  nitric 
acid,  ami  an  excess  of  silver  nil  rale  ad  do...  I  ;  I  lie  chloride  is  col  lee  led  on  a 
filter,  or  better  by  subsidence,  washed,  dried,  and  fused ;  100  parts  corre- 
spond to  24 '7  of  chlorine,  or  '!■>■  I:!  of  hydrochloric  acid. 

ArgsMmia  Chloride,  Ag/.'l,,  is  obisiined  by  iroaling  (he  corresponding. oxide 
with  hydrochloric  aeiii  or  by  precipitating  an  nrgcnious  salt,  the  citrate, 
for  example,  with  common  salt.  It  is  easily  resolved  by  heat  or  by  am- 
monia into  argentic  chloride  and  metallic  silver. 

Silvek  FUTOm in;,  AgF,  is  produced  by  dissolving  argentic  oxide  or  car- 
bon ale  in  aqueous  hydrnliuei  ic  acid,  and  separates  mi  evaporation  in  trnus- 
parent  quadratic  oci.ohedroiis,  which  contain  Agl'.OH,,  and  give  off  their 
water  when  fused.  Their  solution  gives.  Willi  hydrochloric  acid,  a  precip- 
itate of  argentic  chloride.  When  chlorine  gas  is  passed  over  fused  silver 
iluoride,  sliver  chloride  is  lorn: ml  and  II  u urine  is  set  free  ;  p.   I  ■l::  i. 

Silver  Iodide,  Agl.  is  a  pule  yellow  insoluble  precipitate,  produced  by 
adding  silver  nitrate  to  potassium  iodide  ;  it.  is  insoluble,  or  nearly  so,  in 
ammonia,  and  in  this  respect  lorn  is  an  exception  to  the  silver- salts  in  gen- 
eral. Deville  has  obtained  a  crystalline  silver  iodide  by  the  action  of  con- 
centrated hydriodic  acid  upon  meinllic  silver,  which  it  dissolves  with  dis- 
engagement of  hydrogen.  Hydriodic  acid  converts  silver  chloride  into 
iodide.      The  broinulr.  ,,■;  silver  ve.rv  closely  .resembles  (he  chloride. 

Silver  Oxides.  —  There  are  three  oxides  of  silver,  only  one  of  which 
can,  however,  be  regarded  as  a  woll-i.lelihed  compound,  namely: 

The  Monoxide-  or  .-lfjivii'ic  th.idn.    O.Vjt,. —  This  oxide  is  a  powerful  base, 

*  This  cxi  strain  rn  if  h™  silvii:'  fli1..  .ri.l.-n  i.  istl.-vli  ii m[,;ilil:l-  nidi  llin  lryimthesis  tint  both 
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yielding  Baits  isomorphous  v.  li.ii  imnso.  of  liio  alkali- me.t.als.  It  ia  obtained 
aa  a  pale-brown  precipitate  on  milling  eu.usik  potash  to  a  solution  of  silver 
nitrate  I 

2NO,Ag      +      OKII      =      OAg,      +      NO.K      +    NOaH 

It  ia  very  soluble  in  ammonia,  find  i>  diKK.ilvod  also  to  n  small  extent  by 
pure  water;  the  solution  ia  alkaline.  Keccnily  pcecipitutud  silver  chloride, 
boiled  with  a  solium"  of  caustic  potash  of  specific  gravity  1-25,  is  con- 
verted, according  i.i  (Iregovy.  although  with  difficulty,  into  argentic  oxide, 
which  in  this  case  is  black  ;ind  very  dense.  A.rgentie  oxide  neutralizes  auida 
completely,  and  forms,  for  tin;  most  purt,  colorless  sails.  It  is  decomposed 
by  a  red-heat,  with  evolution  of  oxygen,  spongy  metallic  silver  being  left; 
tliu  sun's  rays  also  effect  its  decomposition  to  u.  small  extent. 

Argentina  Oxide,  OAg4.* — When  dry  argentic  citrate  is  heated  to  100°  in 
a  stream  of  hydrogen  gas,  it  loses  oxygen  and  beeomc-.  dark-brown.  The 
product,  dissolved  in  water,  gives  :i  durk-oolored  solution  containing  free 
citric  acid  and  itrgemous  citrate,  which  v,  hen  mixed  with  potash  yields  a 
precipitate  of  argentous  oxide.  This  osjdc  is  i>  black  powder,  very  easily 
decomposed,  and  soluhlo  in  ammonia.  The  solution  of  argentous  nitrate  is 
rendered  colorless  by  heal,  being  resolved  into  argent  ie.  oil  rate  and  metallic 
silver.  According  to  \\  Shier,  argent  mis  oxide  i-1  also  formed  by  boiling  ar- 
gentic nrsenite  wit  si  causik  aliiiilies.      .In  i  his  ease  it.  is  mixed  with  metallic 

Oig 

Silver  Dioxide,  OaAg„  or  I  . — This  is  a  black  crystalline  substance 
OAg 
which  forms  upon  t.ae  positive  electrode  o'.'  a  vokaic  arrangement  employed 
to  decompose  a  solution  of  silver  nil-rate.  It  is  reduced  by  heat,  evolves 
chlorine  when  acted  upon  by  hydrochloric  acid,  explodes  when  mixed  with 
phosphorus  and  struck,  and  decomposes  solution  of  ammonia,  with  great 
energy  ami  rapid  -disengagement  ...f  nitrogen  gas. 

Silver  Nitrate  or  Akucvtic  Nith.m  h,  K(>sA^'.-  -■  This  salt  is  prepared 
by  dissolving  silver  in  nitric  acid,  and  evaporating  the  solid  ion  to  dryness, 
or  until  it  is  strong  enough  ro  crystallize  en  cooling.  The  crystals  are 
colorless,  transparent,  anhydrous  tables,  soluble  in  :ut  equal  weight  of  cold, 
and  in  half  that,  quantity  of  boiling  water;  they  also  dissolve  in  alcohol. 
They  fuse  when  healed,  like  those  of  nitre,  and  at  a  high  temperature  suffer 
decomposition  :  the  lunar  eum/ie  of  the  surgeon  is  silver  nitrate  which  hits 
been  melted  and  poured  into  a  cylindrical  mould.  The  salt  blackens  when 
exposed  to  light,  more  particularly  if  orgun.ic  mailers  of  any  kind  are 
present,  and  is  frequently  employed  to  eomniiinieal.e  a  dark  stain  to  the 
hair;  it  enters  into  the  oompnsirion  of  the  •'  indelible"  ink  used  for  mark- 
ing linen.  The  black  stum  has  been  thought  to  be  metallic  silver;  it  may 
possibly  be  argentous  oxide.  Puce  silver  nitrate  may  be  prepared  from  the 
metal  alloyed  with  ropper:  the  alioy  is  dissolved  in  nitric  acid,  the  solution 
evaporated  to  dryness,  and  the  mixed  nil.raies  cautiously  heated  to  fusion. 
A  small  portion  of  the  melted  muss  is  removed  from  time  to  time  for  exami- 
nation; it  is  dissolved  it!  water,  filtered,  ami  ammonia  m hied  to  it  in  excess. 
While  any  copper-salt  remains  uiidcoomvioscd,  the  liquid  will  be  blue,  but 
when  that  no  longer  happens,  the  nitraio  may  be  still'erod  to  cool,  dissolved 
in  water.,  and  filtered  from  the  insoluble  black  oxide  of  copper. 


'If  this  formula  lm  c. 
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Silver  Sulphite,  H04Aks. —  The  sulphate  m;iy  he  prepared  by  hoii:-ig 
together  oil  of  vitriol  and  metallic  silver,  or  by  precipitating  a  concentrated 
solution  of  silver  nitrate  with  an  alkaline  sulphate.  It  dissolves  in  88 
parts  of  boiling  water,  ami  separates  in  great  measure  in  the  crystalline 
form  on  cooling,  having  but  a  feeble  degree  of  soluoiliiy  at  a  low  temper- 
ature. It  forms  wiih  ammonia  a  cry  sin!  Livable  compound  which  is  freely 
soluble  in  water,  contains  H04Ag, .  J.N1I3.  ami  may  therefore  lie  regarded  as 
ar;/ifiU'i.iiiJii.iiiiktii'.  suljilmlf,  Htl^NlljAg), 

Silver  hyposulphite..  S.,06Ag.,.OIl,,  is  a  soluble  cry-taili/nble.  salt,  perma- 
nent in  the  air.  The  h/pysidplale  is  insoluble,  white,  and  very  prone  to 
decomposition:  it  combines  wiih  the  alkaline  hyposulphites,  forming  sol- 
uble compounds  distinguished  hy  a.n  intensely  sweet  taste.  The  alkaline 
hyposulphites  dissolve!  boil,  oxide  and  chloride  of  silver,  tmd  give  rise  to 
similar  salts,  an  oxide  or  chloride  ol'  the  alkaline  metal  being  al  the  same 
time  formed:  hence  the  use  of  alkaline  hyposulphites  in  fixing  photographic 
pictures  (p.  97).  Silvtr  whomdr.  is  awhile  insoluble  substance  obtained 
by  mixing  solutions  of  silver  nitrate-  and  sodium  carbonate.  It  is  black- 
one. 1  ana  decomposed  by  boding. 

Sii.VEit  Spephiiit!.  tiAg.,.  —  Tli is  is  a  soft,  gray,  ami  somewhat  malleable 
substance,  found  native  in  the  crystallized  state,  anil  easily  produced  hy 
melting  together  its  constituents,  or  by  precipitating  a  solution  of  silver 
with  hydrogen  sulphide.  It  is  a  strong  sulphur  base,  and  combines  with 
the  sulphides  of  antimony  said  arsenic  :  examples  of  such  compounds  are 
found  in  the  beautiful  minerals,  dark  and  iii/ld-rcd  silver  ore. 

Ammonia-compound  of  Silver;  Hc.rt nor. let's  Ftti.minahno  Silver. — 
When  precipitated,  argentic  oxide  is  digested  in  ammonia,  a  black  substance 
is  produced,  possessing  extremely  dangerous  explosive  properties.  While 
moist.,  it  explodes  v.  hen  nil  bed  ■■■,  ir.h  a  h:i  n!  body,  but  when  dry  the  touch 
Of  a  feather  is  sufficient.  The  ammonia  retains  some  of  this  substance  in 
solution,  and  deposiis  it  in  small  crystals  by  spontaneous  evaporation.  A 
similar  compound  exists  containing  oxide  of  gold.  It  is  easy  to  understand 
the  reason  why  these  bodies  are.  subject  t<>  such  violent  and  sudden  decom- 
position by  the  slightest  cause,  on  the  supposition  that  they  contain  an 
oxiilc  of  an  easily  reducible  metal  anil  ammonia:  the  attraction  between 
the  two  constituents  of  the  substance  is  very  feeble,  while  that  between 
the  oxygen  of  the  one  anil  the  hydrogen  of  the  other  is  very  powerful. 
The  explosion  is  caused  by  the  sudden  evolution  of  nitrogen  gns  and 
atjue.uus  vapor,  ihe.  metal  being  set  free. 

Soluble  silver  salt-  are  perfectly  characterized  hy  Ihe  white  curdy  pre- 
cipitate of  silver  chloride,  darkening  by  exposure  io  light,  and  insoluble 
in  hot  nitric  acid,  which  is  produced  by  the  addition  of  any  soluble  eklor- 
ide.  Lead  and  mercury  are  the  only  metals  which  can  be  oonfuunded  with 
silver  in  this  respect;  hut  lead  chloride  is  soluble  to  a  great  extent  in 
boiling  water,  and  is  deposited  in  brilliant  aoioulai-  crystals  when  the  solu- 
tion cools;  and  mereuroiis  chloride  is  instantly  blackened  by  ammonia, 
whereas  silver  chloride  is  dissolved  thereby. 

Solutions  of  silver  are  reduced  to  Ihe  metallic  .stale  by  iron,  capper,  mer- 
cury, and  other  metals.  They  j-ivo  wiih  %'■'*' <:■'/'■'<  sulphide  a  black  precipi- 
tate of  argentic  sulphide  insoluble  in  ammonium  sulphide;  with  caustic 
alkalies,  a  brown  piooipilal  e  of  argentic  oxide  ;  and  with  nl/raline-  earhotutles, 
a  white  precipitate  of  argentic  carbonate,  both  precipitates  being  easily 
soluble  in  ammonia.      Ordinary  sodium  j)ki;sj-,!i<i/?  forms  a  yellow  precipitate 
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bichromate,  a  red-hrown 


The  economical  uses  of  silver  are  many:  it  is  admirably  adapted  for 
culinary  and  other  similar  purposes,  noi  1,10 inn;  attacked  in  the  slightest 
degree  by  any  of  the  sultstaiinns  ukpiI  for  food.  It  is  necessary,  however, 
in  these  cases,  to  diminish  l-iie  softness  of  the  metal  by  a  small  addition 
of  copper.  The  standard  silver  of  England  contains  223  parts  of  silver 
and  18  parts  of  copper. 
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CLASS  II.— DYAD  METALS. 

GROUP  I.  — METALS  OF  THE  ALKALINE  EAETHS. 


Atomic  weight,  137.      Synilnd,  Bn. 

THIS  metal  occurs  abundantly  as  sulphate  and  earhonate,  forming  the 
veinsloiw.  in  many  lead  wines.  Itavy  obtained  it.  in  ilic  metallic  state 
by  means  similar  to  those  described  iu  the  fuse  of  lithium,  Bunsen  sub- 
jects barium  chluvide  mixed  up  in  a  paste  with  wsut  and  a  little  hydro- 
chlorio  aoid,  at  a  temperature  oi'  UUP.  to  tile  action  i ■  f  the  electric  current, 
using  an  amalgamated  pla-.inuiu  wire  as  the  negative  pole.  In  this  manner 
the  metal  is  obtained  as  a  solid,  highly  crystalline  amalgam,  which,  when 
boated  it)  a  stream  of  hydrogen,  yields  barium  "in  the  form  of  a  tumefied 
mass,  tarnishejl  on  the  surface,  but  often  exhibiting  a  silver-white  lustre 
in  the  cavities,  Barium  may  also  be  obtained,  though  impure,  by  passing 
vapor  of  potassium  over  the  red-hot  chloride  or  oxide  of  barium.  It  is 
malleable,  melts  below  a  red  heat,  decomposes  water,  and  gradually  oxi- 
dises in  the  air. 

Barium  Chloride,  BaCla .  OHj.  —  This  valuable  salt  is  prepared  by  dis- 
solving the  native  carbonate   in    iiydrooli'orio    as-id.  lilieriug   the   solution, 

and  evaporating  until  a  pellicle  begins  to  form  at  the  surface;  the  solution 
on  cooling  deposits  crystals.  When  native  carbonate  cannot  be  procured, 
the  native  sulniiatc  may  lie  emriioyed  in  ilie  fdllewing  man  nor:  —  The  .sul- 
phate is  reduced  to  fine  powder,  and  intimately  mixed  with  one  third  of 
its  weight  of  powdered  ooai;  the  mixture  is  pressed  into  an  earthen  cru- 
cible to  which  a  cover  is  fitted,  and  eiposed  fee  an  hour  or  more  to  a  high 
red  heat,  by  which  (lie  sulphate  is  cniivertod  into  sulphide  at  the  expanse 
of  the  combustible  matter  of  t.lte  coal;  the  black  mass  thus  obtained  h 
powdorod  and  boiled  in  water,  by  which  the  sulphide  is  dissolved;  and  the 
solution,  filtered  hot,  is  mixed  with  a  slight  excess  of  hydrochloric  acid. 
Barium  chloride  ami  hydrogen  sulphide  fi.ru  then  produced,  the  latter  es- 
caping with  effervescence.  Lastly,  lite  solution  is  filtered  to  separate  any 
little  insoluble  matter,  and  evaporated  to  Hie  crystallizing  point. 

The  crystals  of  barium  chloride  are  II  it  four  sided  table-,  colorless  ami 
transparent.  They  contain  two  molecules  of  water,  easily  driven  oil'  by 
heat.  100  parts  of  water  dissolve  43  5  parts  at  155°,  and  78  parts  at 
"lul  ;";3,  which  is  the  bieiing-poin!  of  the  sal  ura.tod  solution, 

BARinM  Monoxide,   Bakyta,   BaO.  —The  best  method  of  preparing  this 

compound  is  to  dceonipi.se  the  crystallized  nitrate  by  heat  in  a  capacious 
porcelain  crucible  until  red  vapors  arc    no    longer    disengaged:   the  nitric 
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id  and  0 

xygon,  and  the  baryta  remains 

spongy  ] 

nass,  fusible   at   a   high   degree 

itter,  it 

combines  into  a  hydrate,  with  g: 

Barium  HyUKATE,  BaH.,0;  =  BaO  .  Ii/>.  — This  c 'in i pound  is  prepared  on 
a.  largo  scale  by  decomposing  a  hut,  concentrated  solui  inn  of  barium  chlor- 
ide with  a  solution  of  caustic  soda  ;  on  cooling,  crystals  of  barium  hydrate 
are  deposited,  which  may  be  purified  by  re -cry s: a  Hi /at  ion.  In  the  labora- 
tory the  barium  hydrate  is  often  prepared  by  decomposing  the  sulphide 
with  black  oxide  »f  cooper.  (Wee  barium  sulphide.)  The  crystals  of 
barium  hydrate  contain  liall.,0/.  8  uq. ; ';  they  fuse  easily,  and  lose  tlieir 
Water  of  c-rystalli/.at  iuii  when  si  rongly  heated. 

The  hydrate  is  a  while,  soil-  powder,  having  a  great  at.iraotion  for  car- 
bonic aeid,  and  soluble  in  20  parts  of  eoSd  and  '1  parts  of  boiling  walcr. 
Solution  of  barium  hydrate  is  a,  valuable  reagent:  it  is  highly  alkaline 
to  test-paper,  and  instantly  rendered  turbid  by  ;lie  smallest  trace  of  ear- 
bouic  aoid. 

Barium  Dioxide,  BaOr  —  This  oxide  may  be  formed,  as  already  men- 
tioned, by  exposing  baryta,  heated  to  Cult  redness  in  a  porcelain  tube,  to 
a  current  of  pure  oxygen  gas.  The  dioxide  is  gray,  and  forms  with  water 
a  white  hydrate,  which  is  nor  decomposed  by  that  liquid  in  the  cold,  but 
dissolves  in  small  quantity.  Barium  hydrate,  when  heated  to  redness  in 
a  current  of  dry  atmospheric  air,  loses  ils  water,  and  is  converted,  hy  ab- 
sorption of  oxygen,  iuro  barium  dioxide,  from  which  the  second  atom  of 
oxygen  may  be  expelled  at  a  higher  lempor.aiure.  TSoussingault  has  pro- 
posed to  utilize  these  reactions  tor  the  preparai  :i;n  of  oxygen  upon  a  large 
scale.  The  dioxide  may  also  be  made  by  healing  pure  baryta  to  redness 
in  a  platinum  crucible,  anil  then  gradually  adding  an  equal  weight  of  po- 
tassium chlorate,  whereby  barium  dioxide  and  potassium  chloride  are  pro- 
duced. The  latter  may  be  c.uracted  by  cold  water,  and  the  dioxide  left 
iu  the  state  of  hydrate.  It,  is  interesting  eli icily  in  ils  relation  (o  hydrogen 
dioxide.  When  dissolved  in  dilute  acid,  it,  is  decomposed  by  potassium 
bichromate,  and  by  tha  oxide,  chloride,  sulphate,  and  carbonate  of  silver. 

Barium  Nitrate,  (N03)3Ba. — The  nitrate  is  prepared  by  methods  ex- 
actly similar  to  those  adopted  lov  preparing  the  chloride,  nilrie  acid  being 
substituted  for  hydrochloric.  It  cryst.alli/.es  in  transparent  colorless  oeto- 
hedrons,  which  are  anhydrous.  They  require  for  solution  8  parts  of  cold, 
and  8  parts  of  boiling  water.  This  salt  is  much  loss  soluble  in  dilute 
nitric  acid  than  in  pure  water:  errors  sometimes  arise  from  such  a  preci- 
pitate of  crystalline  barium  nitrate  being  mistaken  for  sulphate.  It  dis- 
appears on  heating,  or  by  large  affusion  of  water. 

Barium  Sulphate,  S04Ra.  —  Found  native  as  hemy  spar  or  baryta,  often 
beautifully  cryst.alli/.e.d:  its  specific  gravity  is  as  high  as  4-4  to  4-8.  This 
compound  is  always  pruduced  when  sulphuric  uoi.i  or  a-  soluble  sulphate  is 
mixed  with  a  solution  of  a  barium  salt,  .11  is  not  sensibly  soluble  in  water 
or  in  dilute  acids:  even  in  nitric  it  is  almost  insoluble:  hot  oil  of  vitriol 
dissolves  a  little,  but  the  greater  pari  separates  again  on  cooling.  Barium 
sulphate  is  now  produced  artificially  on  a  large  scale  :  it  is  used  as  a  sub- 
stitute for  white  kail  in  the  manufacture  of  oil-paints.  The  sulphate  to 
be  used  for  this  purpose  is  precipitated  from  very  dilute  solutions;  it  is 
known  in  commerce  :ls  l/',nt>cjize.    l'owdccc  I  native  barium  sulphate,  being 

*  The  symbol  aq.  (abbreviation  of  oijra)  in  often  usui  to  ik'tjoli:  water  of  (rjida]  ligation, 
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rattier  crystalline,  has  not.  sufficioul  body.  For  the  production  of  sulphate, 
the  chloride  of  barium  is  lirst  prcpaied,  which  is  dissolved,  in  a  large 
quantity  of  water,  mid  then  procipitiLted  by  duule  sulphuric  acid. 

Barium  Carbonatb,  C03Ha.  —The  natural  carbonate  is  called  wilherile: 
the  artificial  is  formed  by  procip  Hilling;  Ihe  cblojude  or  nitrate  with  an  al- 
kaline carbonate,  or  carbonate  of  nmmuiiin.  II-  is  n  heavy,  white  powder, 
very  sparingly  soluble  in  water,  and  chiefly  useful  in  the  preparation  of 
the  rarer  barium  salts. 

Barium  Sulphides.  —  The  mannmlphiik-,  HaS,  is  obtained  in  the  manner 
already  described ;  the  higher  sidphides.  may  be  foiTjii.nl  by  boiling  it.  with 
sulphur.  Barium  liionusuloiiidc  crysla'iliT.es  from  a  liot.  solution  in  thin, 
nearly  colorless  plates,  which  contain  water,  and  are  not  very  soluble: 
they  are  rapidly  altered  by  the  air.  .\  strong  so  bit  ion  of  this  sulphide  may 
be  employed  in  the  preparation  ill'  barium  hydrate,  by  boiling  it  with  small 
successive  portions  of  black.  oji'hle  of  copper,  uni.il  a  dvop  of  the  liquid 
ceases  to  form  a  libit:!;  precipitate  with  lead  salts;  the  filtered  liquid  on 
cooling  yields  crystals  of  (lie  liydrate.  Iti  I  his  iTiiciion,  besides  hydrate 
of  barium,  the  hyposulphite  of  that  base,  and  sulphide  of  copper,  are  pro- 
duced; the  latter  is  insoluble,  and  is  removed  by  the  filter,  while  most  of 
the  liyposnlpliafe  remains  in  the  moth or-liq nor. 

Solutions  of  barium  hydrate,  nitrate,  and  chloride,  are  constantly  kept 
in  the  laboratory  as  chemical  tests,  Ihe.  first  being  employed  to  effect  the 
separation  of  carbonic  acid  from  certain  gaseous  mis  lures,  and  the  two 
latter  lo  precipitate  sulphuric  acid  from  solution. 

Soluble  barium  sabs  are-  poisonous,  which  is  not  the  ca.se  with  those  of 
the  base  nest  in  be  described.      Vur  their  reactions,  see  p.  332. 


STRONTIUM. 

Atomic  weighl,  H~--'i.  Symbol.  Sr. 
The  metal  strontium  maybe  obtained  iYotu  its  oxide  by  means  similar  to 
those  described  in  the  case  of  barium  :  it  is  usually  described  as  a  white 
metal,  heavy,  oxidbablc  in  the  air,  juul  capable  of  decomposing  water  at 
common  temperatures.  Mntihiesseti  stales,  however,  liiat  it  has  a  dark- 
yellow  color,  and  specific  gravity  2--r>4,  He  prepares  it  by  filling  a  small 
crucible  having  a  porous  eel  I  with  a  a  hi  :ln"t=  *\  lontjiim  ehlorb.le  mixed  with 
some  ammonium  chloride,  so  Hint  the  level  of  tite  fused  chloride  in  the  cell 
is  much  higher  than  in  I  lie  crucible.  Ihe  negative-  pole  placed  in  the  cell 
consists  of  a  very  fino  iron  wire.  The  positive  pole  is  an  iron  cylinder 
placed  in  the  crucible  round  the  cell.  The  heal  is  regulated  so  that  a  crust 
forms  in  the  cell,  and  the  metal  collects,  under  this  crust, 

;  compound  is  hest  pre- 

it  resembles  in  almost 
every  particular  the-  earth  baryla,  forming.,  like  thai  substance,  a  white 
hydrate,  soluble  in  water.  A.  hot  saturated  solution  deposits  crystals  on 
cooling,  which  contain  SrltjOj.  8  nq.  :  heated  lo  dull  redness  they  lose  the 
whole  of  their  water,  anhydrous  stronlia  being  left.  The  hydrate  has  a 
great  attraction  for  carbonic  acid. 

tared  in  the  same  manner  as  barium 
mailing  hydrogen  die-tide. 
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The  native  carhonaie  ami  sulphate  of  slroniiuni  serve  for  the  prepara- 
tion of  the  various  salts  by  means  exactly  similar  to  I .hose  already  described 
in  the  case  of  barium  salts :   they  have  a  very  feeble  degree  of  solubility  in 

StboktIUM  Chlohide,  SrCl.,. —  The  chloride  crystallizes  in  colorless 
needles  or  prisms,  which  are  sli.ili!  ly  deliquescent,  a.iid  soluble  in  2  parts 
of  eold  and  a  still  smaller  iptanlily  of  hoiiiug  water:  they  are  also  soluble 
in  alcohol,  and  the  solid-inn,  when  kindled,  hums  with  a  crimson  flame. 
The  crystals  contain  ti  molecules  of  water,  which  they  lust:  by  heat:  at  a 
L  if  In-:  1 1  laperuturc  i-lie  chloriiie  fuses. 

bTiKiMriDM  NithatK;  (XOjjjSr.  —  This  salt  crystallizes  in  anhydrous  oeto- 
lu'di-uni,  ivhich  require  I'm-  solution  o  parts  of  eoid,  and  about  half  their 
wiiKhi  of  boiling  water.  It.  is  principally  of  value  10  Itie  pyrotechnist,  who 
employs  I'  in  the  composition  of  ;ho  well -known  "red-fire."* 

llu'  speutral  pheiioo-.cua  exhibit  ci  bv  si  coni  iisr:;  car:-  pounds  are  mentioned 
on  |iags  89. 


Atomic  weight,  40.     Symbol,  Ca. 

Calcium  is  one  of  the  most  abundant,  ami  widely  diffused  of  the  metals, 
though  it  is  never  found  Lit  the  free  si  ale.  As  carbonate,  it  occurs  in  a  great 
variety  of  forms,  constituting,  as  limestone,  entire  mountain-ranges.  Cal- 
cium was  obtained  in  an  impure  slate  by  Davy,  by  means  similar  to  those 
adopted  lor  the  preparation  of  barium.  Mai  lliiosscn  prepares  the  pure 
metal  hy  fusing  a  mixture  of  r.wo  molecules  of  calcium  cliloride  and  one  of 
si  t-ontiutn  chloride  with  some  cliloride  of  ammonium  in  a  small  po  roe  la  in 
crucible,  in  which  an  iron  cylinder  is  placed  as  posit j\  e  pole,  and  a  pointed 
iron  wire  or  a  little  roil  of  carbon  connected  with  the  line  of  I  lie  battery  is 
made  to  toitcii  roe.  surface  of  the.  liquid.  The.  reduced  met  ill  fuses  and  drops 
off  from  the  point  of  the  iron  wire,  and  the  bead  is  removed  from  the  liquid 
by  a  small  iron  spatula.  i.ics-liedart.  and  Oobin-f  prepare  calcium  by  ig- 
niting the  iodide  with  an  oquivokui.  ipiauiity  of  sodium  in  an  iron  crucible 
having  its  lid  screwed  down. 

Calcium  is  a  light,  yellow  metal  of  sp.  gr.  1  -CiT7H.  Tt.  is  about  as  hard  as 
gold,  very  ductile,  and  may  lie  cut,  iiled,  or  hammered  out  into  plates  as  thin 
as  the  finest  paper.  It  tarnishes  slowly  in  dry,  more  quickly  in  damp  air, 
decomposes  water  quickly,  and  is  still  more  rapidly  acted  upon  by  dilute 
acids.  Heated  on  platinum  foil  over  a  spirit-lamp,  it  burns  with  a  bright 
flash;  with  a  brilliant  liiiht.  also  when  heated  in  oxygen  or  chlorine  gas,  or 
in  vapor  of  bromine,  iodine,  or  sulphur. 
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The  salt  separate  from  a  strong  solution  in  colorless,  prismatic,  and  exceed- 
ingly deliquescent  crystals,  which  couiain  t>  molecules  of  water.  By  heat 
this  water  is  expelled,  nod  by  a  tenir,erai  ure  of  strong  ignition  the  salt  la 
fused.  The  crystals'  reduced  to  powder  are  employed  in  [.lie  production  of 
artificial  cold  by  being  mixed  with  snow  or  powdered  ice  ;  and  the  chloride, 
strongly  dried  or  in  the  fused  state,  is  of  great  practical  use  in  desiccating 
gases,  for  which  purpose  the  hitler  are  slov.lv  transmitted  through  tubes 
filled  with  fragments  of  the  salt.  Calcium  chloride  in  also  freely  soluble  in 
alcohol,  which,  when  anhydrous,  forms  with  if  a  definite  crystallizable  com- 
pound. 

Calcium  Fluoride;  Fluor-spah;  CaTJV  —  This  sulisiance  is  important 

as  the  most  abundant  nai  ural  source  of  hydrofluoric  acid  and  the  other 
fluorides.  It  occurs  bountifully  cryslalli/ed,  of  various  colors,  in  load-veins, 
the  crystals  having  mm  in  only  ibe  cubic,  but  sometimes  I  he  octohedral  form, 
parallel  to  the  faces  of  which  latter  figure  they  always  cleave.  Some  varie- 
ties, when  heated,  emit  it  groonish,  and  sonic  a  purple  phosphorescent  light. 
The  fluoride  is  quire  insoluble  in  water,  and  is  decomposed  by  oil  of  vitriol 
in  the  manner  already  mentioned  (p.  192). 

Calcium  Mosoxiiip.  :  Live;  CaO.  —  This  extremely  important  eompound 
may  be  obtained  in  a  stale  of  eons ; ;.iej  iihtc  purity  by  inciting  to  full  redness 
for  some  time  fragments  of  the  black  bituminous  marble  of  Derbyshire  or 
Kilkenny.  If  required  absolutely  pure  it.  must,  be  made  by  igniting  to 
whiteness,  in  a  platinum  crucible,  an  artificial  calcium  carbonate,  prepared 
by  precipitating  the  nilratowiih  ammonia  carbonate.  Lime  in  an  impure 
state  is  prepared  for  building  and  agricultural  purposes  by  calcining,  in  a 
kiln  of  suitable  construct  in  :i,  ;hc  ordinary  liineslnnes  which  abound  in  in  any 
districts;  n  red  heat,  continued  for  some  hours,  is  sufficient,  to  disengage 
the  whole  of  the  carbonic  acid.  In  the  best,  contrived  lime-kilns  the  process 
is  carried  on  continuously,  broken  limestone  ami  fuel  being  constantly 
thrown  in  at  the  top,  and  the  burned  lime  raked  out  at  intervals  from 
beneath.  Sometimes,  when  the  limestone  contains  silica,  and  the  heat  has 
been  very  high,  the  lime  refuses  to  sHko,  and  is  said  to  be  over-burned;  in 
this  case  a  portion  of  silicnlo  lias  been  formed. 

Pure  lime  is  while,  and  often  of  considerable  hardness  ;  It  is  quite  infus- 
ible, and  phosphoresces,  or  emits  n  pale  light,  at  a  high  temperature.  When 
moistened  with  water,  it.  slake?  with  great  violence,  evolving  heat,  and 
crumbling  to  a  soft,  white,  bulky  powder,  which  is:  a  hydrate  containing  a 
single  molecule  of  water:  the  latter  can  lie  again  expelled  by  red-heat. 
This  hydrate,  Call.O,  or  Cat).  Oil.,,  is  soluble  in  water,  but  far  less  so  than 
either  the  hydrate  of  barium  or  of  strontium,  and,  what,  is  very  remark- 
able, the  colder  the  water,  the  forger  is  the  quantity  of  the  compound  that  is 
taken  up.  A  pint  of  water  at  ly-jV  (.:,  ■■"  i  JO0  F)  dissolves  about  11  grains, 
while  at  100°  C.  ((2123  1M  only  7  grains  are  retained  in  solution.  The  hy- 
drate has  been  obtained  in  thin  d  create  cry -fa  is  by  slow  evaporation  under 
the  air-pump.  Lime- water  is  always  prepared  for  chemical  and  pharma- 
ceutical purposes  by  ngitafing  cold  wa.ter  with  excess  of  calcium  hydrate  in 
a  closely  stopped  vessel,  anil  then,  after  subsidence,  pouring  off  the  clear 
liquid,  and  adding  a  fresh  quantify  of  water,  for  another  operation:  there 
is  not  the  least,  occasion  for  filtering  I  he  solution.  Lime-water  has  a  strung 
alkaline  reaction,  a  nauseous  taste,  and  when  exposed  to  Ike  air  becomes 
almost  instantly  covered  with  a  pellicle  of  carbonate,  by  absorption  of  car- 
bonie  acid.  It.  is  used,  like  baryta-water,  as  a  test  for  carbonic  acid,  and 
also  in  medicine.  Lime-water  ptcparcd  front  some  varieties  of  limestone 
may  contain  potash. 

The  hardening  of  mortars  and  cements  is  in  a  great  measure  due  to  the 
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gradual  absorption  of  oin-iiimic  acid;  bill  even  after  a  very  great,  length  of 
time,  this  conversion  into  carbonate  is  not  complete.  Mortal'  is  known, 
under  favorable  circumstances,  to  acquire  extreme  hardness  with  age. 
Lhne -cements  which  resist  the  action  of  water  contain  iron  oxides,  silica, 
and  alumina  :  they  require  to  he  carefully  prepared,  ami  the  stone  not  over- 
heated. When  they  are  ground  to  powder  Mini  mixed  with  water,  solidifi- 
cation speedily  ensues,  from  causes  not  ye  I-  ihuroiigliiy  understood,  and  the 
cement,  once  in  this  condition,  is  unaffected  by  wet.  Parker's  or  Roman 
cement  is  mude  in  this  maniior  from  the  nodular  masses  of  calcareo- argil- 
laceous ironstone  i'mtini  in  the  London  clay.  I.irne  is  of  great  importance 
in  agriculture  :  it  is  found  more  or  less  in  every  fertile  soil,  and  is  often 
very  advantageously  added  by  the  cultivator.  The  decay  of  vegetable  fibre 
in  the  soil  is  thereby  promoicd.  and  oilier  important  ubjects,  as  the  destruc- 
tion of  curtain  hurl  ful  compounds  of  irun  in  marsh  anil  peat-land,  arc  often 
attained.  The  addition  of  lime  probably  serve-  likewise  to  liberate  potas- 
sium from  the  insolub'e  silicate  uf  t.iia.i  ba-e  cnutiiined  in  the  soil. 


Calcium  Sulphate;  SO,Ca. --  Crystalline  native  calcium  sulphate,  con- 
taining two  molecules  of  water,  is  (bund  in  considerable  abundance  in  some 
localities  as  yypsmn  :  it  is  oficu  associated  with  reek-salt.  When  regularly 
crystallized,  it  is  termed  ndtinl/.  Anhydrous  calcium  sulphate  is  also  occa- 
sionally met  with.  The  will  is  formed  by  precipitation,  when  a  moderately 
concentrated  solution  of  ca'.eium  chloride  is  mived  v.ilh  sulphuric  acid. 
Calcium  sulphate  is  soluble  in  about  dOd  parts  of  cold  water,  and  its  solu- 
bility is  a  little  increased  by  heat.  It  is  more  soluble  in  water  containing 
ammonium  chloride  01  pi'iassiuiii  nitrate.  The  solution  is  precipitated  by 
alcohol.  Gypsum,  or  nalive  lied  rated  ealeiuui  sulphate,  is  largely  employed 
for  the  purpose  of  making  easts  of  statues  and  medals,  and  also  for  moulds 
in  the  porcelain  and  earthenware  manufactures,  and  toy  other  applications. 
It  is  exposed  to  heat  in  an  oven  where  the  temperature  does  not  exceed 
127°  C.  (260°  F.),  by  which  the  waler  uf  crysialb/atbm  is  expelled,  and  it 
is  afterwards  reduced  to  a  line  ]:ovi  tier.  'Vlien  mixed  with  water,  it  solidi- 
fies after  a  short  time,  from  the  re-formation  of  the  same  hydrate  ;  but  this 
effect  does  not  happen  it"  rlic  gypsum  has  boon  ovcr-heatcd.  It  is  often  called 
Plaster  of  Paris.  Artificial  eoaired  marbles,  or  .■n-.iii/i/n/a.  are  frequently 
prepared  by  inserting  pieces  of  natural  stunc  in  a  soft  stucco  containing 
this  Substance,  and  polishing  Hie  surface  when  cement  has  become  hard. 
Calcium  sulphate  is  one  of  the  most  common  impurities  of  spring  water. 

The  peculiar  property  water  acquires  by  the  presence  of  calcium  salts  is 
termed  hardncst.  It  manifests  itself  by  the  effect  such  waters  have  upon 
the  palate,  and  particularly  by  its  peculiar  behavior  with  soap.  Hard 
water  yields  a  lather  will-  soap  only  alter  the  whole  uf  the  calcium  salts 
have  been  thrown  down  from  (lie  water  in  the  form  of"  an  insoluble  lime- 
soap.  Upon  this  principle.  Trot,  (.dark's  soap-test  for  the  hardness  of  water 
is  based.*  The  hardness  produced  by  calcium  sulphate  is  called  pcnnunctU 
hardness,  since  it  cannot  be  remedied. 

Calcium  Carbonate  ;  Chalk;  Likibtohb;  Mabblb  ;  C03Ca. — Calcium 

carhonate.,  often  more  or  less  ouiiaiuinni.od  with  iron  oxide,  clay,  and  or- 
ganic mattor,  forms  rocky  tic  Is.  of  immense  client  and  thickness,  in  almost 
every  part  of  the  world.  These  present  the  greatest  a :  vers  dies  of  texture 
and  appearance,  arising,  in  a  great,  measure,  from  changes  to  which  they 
have  been  subjected  since  their  deposition.     The  most  ancient  and  highly 
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crystalline  limes!  ones  are  desiil  nto  '.if  visible  organic  remain?,  while  those 
of  more  recent  origin  are  ok™  entirely  math:  up  of  the  shelly  exuvke  of 
once-living  beings.  -Souieiimos  these  laitor  are  of  such  a  nature  as  to 
show  that  the  animals  inhabited  fro-!i  water  :  marine  *|i«ics  and  corals  lire, 
however,  most  abundan!.  Cavities  in  limestone  ar.d  other  rocks  are  very 
often  lined  with  magnificent,  crystals  of  calcium  carbonate  or  calcareous 
spar,  which  have  evidently  been  slowly  deposited  from  :i.  watery  solution. 
Calcium  carbonate  is  always  precipitated  ivheu  an  alkaline  carbonate  is 
mixed  with  a  solution  of  that  base. 

Although  this  snb-tancc  is  not  sensibly  soluble  in  pure  water,  it  is  freely 
taken  up  when  carbonic  acid  happens::!  the  same  thus  to  be  present.  If 
a  little  lime-water  be  poured  into  a  vessel  of  that  gas,  the  turbidity  first 
produced  disappears  on  agitation,  ami  a  transparent-  solution  of  Calcium 
carbonate  in  excess  of  carbonic  aaid  is  obtained.  This  solution  is  decom- 
posed completely  by  boiling,  i  ne  euebonie  arid  being  expelled,  and  the  car- 
bonate precipitated.  Since  all.  naiurnl  wa.ters  contain  dissolved  carbonic 
aoid,  it  is  to  be  expeeied  that  calcium  in  this  state  should  bo  of  very  com- 
mon occurrence;  and  such  is  really  found  to  be  the  fad,  river,  and  roore 
especially  spring  water,  almost  invariably  containing  calcium  carbonate 
thus  dissolved.  In  limestone  districts,  this  is  often  the  ease  to  a  great  ex- 
tent. The  ftardiics*  of  witter,  which  is  owing  t.o  the  presence  of  calcium 
carbonate,  is  called  '<■.■■.■■;..'(>."■■.' .7/.  since  it  is  ■:  1  l ji  1  i  1  l i ^ h i ■  ■  I  Jo  st  very  considerable 
extent  by  boiling,  and  may  be  nearly  removed  by  mixing  the  hard  water 
with  lime-water,  when  on;!)  the  dissolved  carbonate  ana  1  he  dissolved  lime, 
which  thus  becomes  carbonated,  nrr.  precipitated.  Upon  this  principle 
Prof.  Clark's  process  of  softening  waicr  is  based.  This  process  is  of  con- 
siderable importance,  sinee  a  supply  of  hard  water  to  towns  is  ill  many  re- 
spects a  source  of  great  Ineenveiiienee.  .As  already  mentioned,  the  use  of 
such  water,  for  the  purposes  of  washing,  is  attended  with  a  great  loss  of 
soap.  Boilers,  in  which  such  vater  is  heated,  speedily  become  lined  with 
ft  thick  stony  incrustation."-  The  beautiful  sulacriiic  incrustations  of  lime- 
stone caverns,  and  the  denosh  of  calc-siiiicr  or  Iraverliu  upon  various  ob- 
jects-, and  upon  the  ground,  in  many  places,  are  thus  explained  by  the 
solubility  of  calcium  carbonate  iu  water  eonlaining  eitrboilic  acid. 

Crystallized  eitieium  easaouate  is  dimnrpiioii-  ;  eale-spar  and  arragouile, 
all.hottgh  possessing  exactly  the  same,  e.hemienl  coiuinjsiltoti,  have  dilferent 
crystalline  forms,  different  densities,  and  different  optieal  properties.  Rose 
has  observed  that  calcium  carbonate  appears  in  the  for  in  of  cale-spar  when 
deposited  from  its  solution  in  water  containing  carbonic  acid  at  the  ordi- 
nary temperature.  At  'JO3  0.  (104°  F\),  and  on  ebullition,  however,  it  is 
chiefly  deposited  in  the  form  of  arragonitc :  at  lower  temperatures  the 
formation,  of  arragonitc  decreases,  whilst  that  of  cale-spar  increases,  the 
limit  for  the  format  inn  of  trie  former  varietv  be i tie  bet  ■■vcen  30°  and  ii0°  C. 
(8b"°— 1:12°  F.}. 

Cale-spar  occurs  very  abundantly  in  erysials  derived  from  an  obtuse 
rhombohedrou,  wdtose  angles  measure  Mj'i"  b'  and  74°  5-5':  its  density 
varies  from  2  b  to  2  8.  The  rarer  variety,  or  arragonitc,  is  found  in  crys- 
tals whose  primary  form  is  a  right  rhombic  prism,  a-  figure  having  no  geo- 
metrical relation  to  the  preceding:    ii  is,  besides,  heavier  and  harder. 
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Ca"3  and  (P04)C!a'-'H,  arc  produced  when  the  corresponding  sodium  salts 
are  added  in  solution  to  calcium  chloride:  the  hrsl  is  Hlijrli i.Iy  crystalline, 
and  lie  second  gelatinous.  When  the  lirst  phosphate  is  <li posted  iviili  am- 
monia, or  dissolved  in  acid  ami  rc-proeipilated  by  Hud  a' kali,  it  is  converted 
into  the  seeond.  The  earth  of  bones  consists  principally  of  what  appears 
to  he  a  combination  of  these  two  salts.  Another  orlhophosphatc,  (PO,)j 
Oil-"" J i(4.  is  Conned  by  dissolving  either  of  (ho  preceding  in  phosphoric,  hy- 
drochloric, or  nitric  nciil,  and  evaporaiing  mill]  (lie  salt  separates  on  cool- 
ing in  small  platy  crystals.  It  is  the  substance  which  yields  phosphorus 
when  heated  with  charcoal,  in  the  ordinary  process  of  manufacture  before 
described.  Pyruj>ii'<>.tiin:ia  and  Jlr/n^loiKjn'm/ri  nf  rnh-niii  also  exist.  These 
phosphates,  although  insoluble  in  water,  dissolve  readily  in  dilute  acids, 
even  in  acetic  acid.      The  mineral  upiuite  is  chiefly  calcium  phosphate. 

Chloride  of  Limb;  Ri.kaciiinc.  Powihui.  —  When  calcium  hydrate,  very 
slightly  moist,  is  exposed  tn  chlorine  gas,  (.he  hitter  is  eagerly  absorbed. 
and  a  compound  produced  which  has  ai.i  rsclod  a  great  deal  of  attention: 
this  ia  the  blenching  powder  of  commerce,  now  manufactured  on  an  im- 
mense scale,  for  bleaching  linen  and  cotton  flood-.  It  is  requisite,  in 
preparing  this  substance,  lo  avoid  with  Ihc  ^re.a.t.esi  cure  all  elevation  of 
temperature,  which  may  be  easily  done  by  supplying  ihc  chlorine  slowly 
in  the  first  instance.  The  product,  when  freshly  and  well  prepared,  is  a 
soft,  white  powder,  which  aid-acts  moisture  from  (he  air,  and  exhales  an 
odor  sensibly  different  from  that  of  chlorine.  It  is  soluble  in  about  10 
parts  of  water,  the  unaltered  hydrate  being  left  behind.'  the  solution  is 
highly  alkaline,  and  bleaches  feebly.  When  calcium  hydrate  is  suspended 
in  cold  water,  and  chlorine  gas  tvansiuiltod  through  the  mixture,  the  lime 
is  gradually  dissolved,  and  the  same  peculiar  bleaching  compound  pro- 
duced: the  alkalies  also,  cither  causlic  or  carbonated,  may  by  similar 
means  be  made  to  absorb  a  large  quantity  of  chlorine,  and  give  rise  to  cor- 
responding Compounds;    such  are   lliu  "  disinfecting  solutions"  of  Labar- 

The  most  consistent  view  of  the  oonsi  i  union  of  I  hose  compounds  is  I  hat 
which  supposes  them  to  contain  salts  of  hypochlorous  acid,  HCIIO,  a  sub- 
stance as  remarkable  for  bleaching  powers  as  chlorine  itself;  and  this 
opinion  seems  borne  out  by  a  careful  comparison  of  (he  properties  of  the 
bleaching  salts  with  those  of  the  true  hypochlorites.  Hypochlorous  acid 
can  be  actually  obtained  from  good  hlcacbing-powder,  by  distilling  it.  with 
dilute  sulphuric  or  nitric  acid,  in  quantity  insufficient  to  decompose  the 
whole:   when  the  acid  is  used  in  excess,  chlorine  is  disengaged.* 

If  this  view  be  correct,  chloride  of  calcium  must  be    formed   simultane- 
ously with  Ihc  hypochlorite,  as  shown  by  the  folioiving  equation: 
2CaO  -f  Cl4  =  CaCl,  +  CaCljO, 

Lime.  Calcium        flak  i  am 

tliluriilti-     lo|M"  U. into. 

When  tho  temperature  of  the  calcium  hydrate  has  risen  during  the  absorp- 
tion of  the  chlorine,  or  when  the  compound  has  been  subsequently  exposed 
to  heat,  its  bleaching  properties  are  impaired  or  altogether  destroyed:  it 
then  contains  ehlorafe  and  oh'uiridc  of  calcium:  oxygen,  in  variable  quan- 
tity, is  usuallv  set  free.  The  same  change  seems  to  ensue  by  long  keeping-, 
even  at  the  common  temporal  urc  of  the  air.  In  an  opon  vessel  it  is 
speedily  destroyed  by  the  carbonic  acid  of  (he  air.  Commercial  hleaching- 
powder  thus  constantly  varies  in  value  "it.ii  its  age,  ami  with  the  care  ori- 
ginally bestowed  upon  its  preparation  :    the  best,  may  contain  about  30  per 
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CPnt.  of  available  chlorine,  easily  liberated  by  an  acid,  which  is,  however, 
far  short  of  the  theoretical  quantity. 

The  general  method  in  which  i  his  substance  is  employed  for  bleaching  is 
the  following.'  The  guilds  are  firs:  iinmei  sed  in  a  dilute  solution  of  chloride 
of  lime  and  then  transferred  to  aval  containing  dilute  sulphuric  aeid. 
Decomposition  ensues;  rise  calcium  both  of  (lie  hypochlorite  and  of  the 
chloride  is  converted  into  snip  hale,  while  rho  free  hypocolorous  and  hydro- 
chloric acids  yield  water  and  free  chlorine: 

CaCl.O,  +  CaCl.  -f  280.H.  =  2SO,Ca  +  2HC10  +  2HC1 ; 
and:  '  ITCIO  +  HC1  =  OHa  -f  01,. 

The  chlorine  thus  uiseu  gaged  in  eon  I  net  with  the  cloth  en  uses  the  destruc- 
tion of  the  coloring  nn.tt.cv.  This  process  is  "ft  en  re  pen  1c  I,  it  being  unsafe 
to  use  strong  solutions.  White  patterns  are  on  this  principle  imprinted 
upon  colored  cloth,  the  figures  Nine:  stamped  with  tartaric  acid  thickened 
with  gum-water,  and  then  the  slutf  immersed  in  the  chloride  bath,  when 
the  parts  to  which  no  acid  has  been  applied  remain  unaltered,  while  the 
printed  portions  arc  bleached. 

For  purifying  ira  offensive  or  infectious  atmosphere,  as  tin  aid  to  proper 
ventilation,  the  bleaching  powder  Is  very  convenient..  The  solution  is  ex- 
posed in  shallow  vessels,  or  cloths  steeped  in  it  are  suspended  in  the  apart- 
ment, when  the  carbonic  iteid  of  the  air  slowly  decomposes  it  in  the  manner 
above  described.  An  addition  of  a  strong  n;n.i  ean-e-  rapid  disengagement 
of  chlorine. 

The  value  of  any  sample  of  blenching  powder  may  lie  easily  determined 
by  the  following  method,  in  which  the  feebly  combined  chlorine  is  esti- 
mated by  its  effect,  in  oxfii/.iug  a  ferrous  salt,  to  ferric  salt,  2  molecules  of 
ferrous  oxide,  FcCl,  requiring  for  this  purpose  2  atoms  of  chlorine:  the 
latter  acts  by  decomposing  water  and  liberating  a  corresponding  quantity 
of  oxygen.  78  (more  correctly  7e-lG;  grains  of  green  ferrous  sulphate 
are  dissolved  in  about  two  ounces  of  water,  and  acidulated  by  a  few  drops 
of  sulphuric  or  hydrochloric  acid:  this  quantity  will  require  for  oxidation 
10  grains  of  chlorine,  fifty  grain?  of  the  chloride  of  lime  to  be  examined 
are  next  rubbed  up  with  a  little  tepid  water,  and  the  whole  transferred  to 
the  burette*  before  describe],  which  is  then  tilled  up  tti  0  with  water,  after 
which  the  contents  arc  well  mixed  by  agita:ion.  The  liquid  is  next  grad- 
ually poured  into  the  solulion  of  iron,  with  constant  stirring,  until  all  the 
iron  is  brought  to  the  state  of  ferric  suit,  which  may  be  known  by  a  drop 
ceasing  to  give  a  deep-blue  proHpiMto' with  potassium  ferri  cyanide.  The 
number  of  grain-measures  of  the  (..liloride  so'utioti  employed  may  then  be 
read  oil:  since  these  must,  contain  It)  grains  of  serviceable  chlorine,  the 
quantity  of  the  latter  in  the  50  grains  may  be  casiiy  reckoned.  Thus, 
suppose  72  such  measures  have  been  taken;   then 

Measures.      Grs.  Chlorine.  Measures.         Gra.  Chlorine. 

72        :         10        =         100        :         13-80 
The  bleach  in  ^-powder  contains  therefore  ^27  -73  per  eetii.j 

Calcium  Sulphides,  — The  monosulphide,  C'aS,  is  obtained  by  reducing 
the  sulphate  at  a  high  temporal  ure  v,-ii  h  charcoal  or  hydrogen:  it.  is  nearly 
colorless,  and  but  little  soluble  in  water.  By  boiling  together  calcium 
hydrate,  water,  and  iiowers  of  sulphur,  a  red  solution  is  obtained,  which, 
on   cooling,  deposits   crystals  of  the    bisulphide,   t.'aH,,   containing   water. 

*  See  p.  306. 
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Calcium  Phosphide.  —  When  vapor  of  phosphorus  is  passed  over  frag- 
ments of  lime  hea.fed  to  redoes*  iu  it  porcelain  crucible,  u  chocolate-brown 
compound,  the  so-called  /iho.'phitr"!  of  Urn?,  is  produced.  This  substance  is 
probably  a  mixture  of  calcium  ^-.Jnj.-=  jirsiiJo  mini  phosphate.  "When  thrown 
into  water  if,  yields  ipoufanenusiy  inflammable  hyelrrijrnri  phosphide.  Ac- 
Cording  to  Paul  Thonard,  Ihe  calcium  phosphide  in  this  compound  has  the 
composition  l',/*a.r  In  contact,  with  wafer  ii  Yields  liouid  hydrogen  phos- 
phide,  PaII,  (p.  216) : 

P^a,  +  20HS  =  2CaO  -f  raH,: 
and  the  greater  portion  of  this  liquid  phosphide  is  immediately  decomposed 
into  solid  and  gaseous  hydrogen  phosphide: 


j. :■.,  nit- 


calcium  are  thus  distinguished  frmu   all   oilier   substances,  and  from  each 

Caustic  potash,  iviiiin  free  from  cachonaic,  anil  caustic  an'menvt.  occasion 
no  iireoipitat.es  in  dd'.t'r  soluiimis  of  ibe  alkaline  earfhs,  i.v^y>e^(jiiilly  cf  ]iie 
first  two,  the  bydralos  bema:  soluble  in  water. 

Alkaline  carbaii.iil.fs,  and  carbnno.tr.  of  iwmvuMt,  givo  white  precipitates,  in- 
soluble in  excess  of  i  he  precipitant,  w  illi  all  three. 

Sulphuric  acid,  or  a,  niilp/nilr,  added  to  very  dilute  solutions  of  the  salts 
Of  these  metals,  (jives  an  immediate  while  precipitate  «ith  barium  salts; 
a  similar  precipitate  after  a  si i oil  interval  vitli  strontium  .salts ;  and  occa- 
sions no  change  with  calcium  salts.  'I'lio  precipitates  with  barium  and 
strontium  salts  are  insoluble  in  nitric  acid. 

Solution  of  eiileiiifn    sutp/wte   gives   an    instantaneous  cloud  with   barium 

salts,  and  one  with  sirouli sails  at'ler  a  little  time.      Strontium  sulphnlr.  is 

itself  sufficiently  soluble  to  occasion  turbii.lii.y  when  mixed  with  barium 
chloride. 

Lastly,  the  soluble  ot.iitflt.r.s  give  a.  white  precipitate  in  the  most  dilute 
solutions  of  calcium  sabs,  which  is  not  dissolved  by  a  drop  or  two  of  hy- 
drochloric, or  by  an  excess  of  acetic  acid.      This  is  an  exceedingly  charac- 

The  chlorides  of  rtrtno'iura  and  rti'-r.iuin  dissolved  in  alcohol  color  the  flame 
of  the  latter  red  or  purple:  buriom.  .iulu  communicate  10  the  flame  a  pale 
green  tint. 

Sil.ii-ofluoric  odd  gives  a  while  precipitate  with  ImriuUL  sails,  none  with 
salts  of  sirout;uui  or  calcium. 


GROUP  II.  — METALS  OF  THE  EARTHS. 

The  dyad  earth-mo  la]  s  are  beryllium,  llioriiium,  yttrium,  erbium,  lan- 
thanum, and  didymitmi.  Willi  these  it  will  ao  convenient  to  describe  (lie 
tetradie  metals,  ahiiniriiiiin.  zircon nm.  and  cerium  :  the  first  two  because 
their  oxides  are  of  decidedly  earthy  character:  in  t'a.ct,  alumina  may  be 
looked  upon  as  llic  type  of  an  ea.rlhy  ovJiie:  and  the  lliird  on  account  of 
its  const  mil  association  wiih  laut  hauttm  mid  didymium. 
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ALUMIHIUM. 
Atomic  weight,  27-4.     Symbol,  Al. 

This  metal  occurs  very  abundantly  in  nature  in  Ihe  state  of  silicate,  us 
in  felspar  and  its  associated  minerals  :  also  in  tbe  various  modifications  of 
clay  thence  derived.  It  was  first,  isolated  by  Wiiiilcr,  who  obtained  it  as  a 
gray  powder  by  tlmtiom  [jo.-iup:  aluminium  chloride  with  potassium ;  and  II. 
Sainte-Claire  Devitlc,  by  :i.n  imprnvod  process  founded  on  the  same  prin- 
ciple, Las  succeeded  iu  obtaining  It  in  the  compact  fnrm  nud  on  the  manu- 
facturing <cale,  Tlio  process  consists  in  decomposing  "lie  double  chloride 
of  aluminium  and  sodium,  Ai.,(Jl6.  2\'aCl,  by  heating  it  with  metallic  sodium, 
fluor-spar  or  crynlit.e  being  added  as  a  flux.  The  reduction  is  effected 
in  crucibles,  or  on  I  lie  large  scales  on  the  hearth  of  a  re  verb  oratory  furnace. 
Sodium  is  used  as  the  reducing  :igotii.  in  preference  to  potassium:  first, 
because  it  is  more  ea.sily  prepared :  Mini.  secondly,  because  it.  has  a  lower 
atomic  weight,  and,  consequently,  a  smaller  quantity  of  it  .suffices  to  do  the 
same  amount  of  chemical  work. 

Aluminium  is  also  prepared  directly  from  cryolite  by  reduction  with 
sodium,  but  the  metal  thus  obtained  is  said  10  he  more  contaminated  with 
iron  and  siliciuni  than  that,  prepared  by  lloviile's  process. 

Aluminium  is  remarkable  for  iu  Low  specific  gravity,  which  is  2-6:  it  is 
nearly  as  white  as  silver,  and  is  capable  of  assuming  n  high  polish.  It  is 
employed  in  the  manufacture  of  delicate  apparatus  and  ornamental  articles. 
Some  of  the  alloys  of  aluminium  promise  to  become  in  on:  generally  appli- 
cable, more  especially  the  alloy  with  copper,  which  is  remarkable  for  being 
similar  in  appearance  to  gold:  this  alloy  .is  found  already  in  commerce 
under  the  name  of  aluminium  bronze. 

Aluminium  forms  only  one  class  of  compounds,  in  all  of  which  if,  appears 
to  be  t.rivalent,  one  atom  of  the  mer-il  being  equivalent,  to  three  atoms  of 
hydrogen;  thus  the  chloride  is  \V".£\e.  the  oxide  AV'-'p^,  &c.  Each  of 
these  compounds,  however,  contains  iwo  atoms  of  aluminium,  urul  it.  may 
therefore  be  supposed  that,  t.ho  aluminium  is  really  lolradie,  one  unit  of 
equivalency  in  eaoli  atom  beiiu?  ueuUali/ed  by  one  unit  in  the  other ;    lints, 

Aid, 
Hie  chloride  is  .      That    such    is   the  ease  is  int'orrr.d  frcim  the  rescui- 

A1C13 
blance  of  the  alumiui-im  comp-.iur-eK  i  a  'he  ferric  and   chromic  compounds 
(p.  272). 

Aluminium  Chlokiiie,  A1,C)..  — This  compound  is  obtained  in  solution  by 
dissolving  alumina  or  aluminium  hydrate  in  hydrochloric  acid;  but  the  so- 
lution, when  evaporated,  gives  otf  hydrochloric  acid  and  leaves  alumina. 
The  anhydrous  chloride  may  be  prepared  by  heating  a  mixture  of  alumina 
a  nil  finely  divided  carbon  in  chlorine  gas. 

1'ure  precipitated  alumina  is  dried  and  mixed  with  oil  ami  lampblack,  and 
the  mixture,  after  being  strongly  calcined  in  a  covered  crucible,  is  intro- 
duced into  a  porcelain  tube  or  tubulated  earthen  retort  placed  in  a  furnace, 
and  connected  al.  one  end  with  an  apparatus  for  evolving  chlorine,  and  at 
the  other  with  a  dry  receiver.  On  raising  tiie  heat  to  bright  redness,  and 
passing  chlorine  through  the  apparatus,  aluminium  chloride  distils  over, 
together  with  carbon  monoxide,  and   condenses  as  a  solid  mass  in  the  re- 

Alj°s     +     ca    +     C1B    =    A1sCJe    +     3CO. 
Aluminium  chloride  is  a  transparent  waxy  subslattcc,  having  a  Crystal- 
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line  structure,  colorless  when  pure,  but  gonerclly  exhibiting  a  yellow  color, 
due  perhaps  to  the  presence  of  iron.  It  boils  nt.  a.bout  180°,  fumes  in  the 
air,  and  smells  of  hydroeiiiiiric  acid.  It  is  very  deliquescent,  and  dissolvoa 
readily  in  water;  the  solution  when  kit  to  evaporate  yields  tlio  hydrnted 
chloride,  AlsCl6.l-OH.„  in  si.v -sided  prisms,  which  ivlic:i  heated  are  resolved 
into  alumina  and  hydrochloric  acid. 

Alumin.him  owl  Sa/iiwi.  t  "*,:'. ..■-."■.'■■.  .M.,(':d  ■2N:it".'I.  if  el-mined  by  melting  to- 
gether the  component,  eltloiules  in  proper  proportions,  or  by  adding  the 
requisite  quantity  of  sodium  chloride  to  the  mixture  of  alumina  and  char- 
coal used  for  the  preparation  of  aluminium  chloride,  igniting  the  mass  in 
chlorine  or  hydrochloric  field,  anil  condensing  the  ynpur  in  a  receiver.  It- 
is  a  Crystalline  mass,  less  iloln'i unsi-f-n r  tha.n  a  I iniutn  ehloiide,  and,  there- 
faro,  more  convenient  for  the  preparation  of  aluminium. 

Aluminium  Fluoride,  .MJ'V  is  produced  by  Ihe  action  of  jraseous  silieium 
fluoride  on  aluminium,  and  fiunis  cubic  crystals,  volut  ilizhig  at  a  red  heat, 
insoluble  in  water,  and  i-usisibii.  tin;  aet.iov,  of  all  acids. 

Aluminium, mil  Sodium  FliwrLir.,  AlJ-'0.«NaF,  oooursnhundnntly,  as  cryolite, 
at  Evigtok  in  (ire en] and,  and  is  preparoil  artificially  by  pouring  hydro- 
fluoric acid  in  excess  on  a  mixture  of"  calcined  alumina  and  sodium  car- 
bonate. Cryolite  forms  quadratic  crystals,  colorless,  transparent,  softer 
than  felspar,  and  of  specific  gravity  2-S'Jfl.  II  is  owed,  as  already  mentioned, 
for  the  preparation  of  aluminium,  and  in  Germany  fur  the  manufacture  of 
soda  for  the  use  of  soap-boilers. 

Aluminium  Oxide.  Alumina,  AlaOs.  —  This  substance  is  inferred  to  bo 
a  sesquioxide  from  its  isomorphism  with  ferric  oxide.  II  is  prepared  hy 
mixing  a  solution  o.f  alum  '.villi  exeess  of  ammonia,  by  which  an  extremely 
bulliy.  white,  gelatinous  precipitate  of  aluminium  hydralc  is  thrown  down. 
This  is  washed,  dried,  and  ignited  to  whiteness.  Thus  obtained,  alumina 
constitutes  a  while,  tasteless,  ei  thermit  mass,  vf.vy  little  acted  upon  by  acids, 
It  is  fusible  before  the  oxy-hydrugen  blowpipe.  The  mineral  called  contn- 
n'li-m,  of  wbieh  the  j-uliy  and  saptuiire  tire  transparent  varieties,  consists  of 
nearly  pure  alumina  in  a  crystallized  stale,  with  a,  little  coloring  oxide: 
emery,  used  for  polishing  g'.iss  and  men  Is.  is  a.  coarse  variety  of  corundum. 
Alumina  is  a  very  feeble  base,  and  its  sails  have  often  an  acid  reaction. 

Aluminium  Hyurates.  —  Aluminium  forms  three  hydrates;   namely: 
Monohydrate     .  .      AUTO,       or  AUL.  OH,, 

Dihydrate       .  .  AUI40e   or  Al/),.  UOH, 

Trihidrate         .         .     A1;H606   or  Ala03.  30H2. 

Tbe  monohydrale  is  found  native,  as  niii^/mr:,  it;  translucent  masses  which 
crumble  to  powder  when  healed,  and  give  oil'  the  whole  of  their  water  at 
860°. 

The  trihydrtiti:  is  the  ordinary  gelaliuoiis  preoipita.te  obtained  by  treating 
Solutions  of  aluminium-suits  —  alum,  for  example  — with  ammonia  or  al- 
kaline carbonates.  When  dried  at.  a.  moderate  heal,  il  forms  a  soft  friable 
mass,  which  adhere?  to  the  tongue  and  forms  a  stiff  paste  with  water,  but 
does  not  dissolve  in  that  liquid.  Ai  a  strong  red  heat,  it  parts  with  its 
water,  and  undergoes  a  very  great  contract  ion  of  volume.  It.  dissolves 
with  great  facility  in  acids,  and  in  t.'.ie  iiied  caustic  alkalies.  When  a  solu- 
tion of  alumina  in  caustic  potash  is  exposed  to  the  air,  ihe  potash  absorbs 
Carbonic  acid,  and  the  aluminium  triliydrate  is  thou  deposited  in  white 
crystals,  which  are  bul  spa  ring',  y  soluble  in  acids. 

and  when  digested  in  solulions  of  vogetabli:  coloring-matter,  combines  with 
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and  carries  down  the  coloring  matter,  which  is  thus  removed  entirely  from 
the  liquid  if  the  alumina  is  in  sutiicioui  quantity.  The  pigments  called 
lakes  are  compounds  of  this  nature.  The  fibre  of  cotton  impregnated  with 
alumina  acquires  the  same  power  of  reluming  coloring;  matters:  hence  the 
great  use  of  aluminous  sails  as  i,uinb::,i.i  r  o  prod- ice  fast  colora. 

Aluminium  trihydrate  r.n:<mi's  nul.ive  as  Gi'Jbs,/,\  a-  sialaolitic,  translucent, 
fibrous  mineral,  easily  dissolved  by  acids. 

Dihydrate.  —  When  a  dilute  suhuion  of  aluminium  diacetate  is  exposed 
for  several  days  to  a  temperature  of  100°  in  a  close  vessel,  the  acetic  acid 
appears  to  be  set  free,  although  no  precipitation  of  alumina  takes  place. 
The  liquid  acquires  r.iio  taste  of  acetic  acid,  and  if  afterwards  boiled  in  an 
open  vessel,  gives  oil  nearly  the  whole  of  its  acel  ic  acid.  the  alumina  never- 
theless remaining  in  solution.  This  solution  is  conciliated  by  mineral  acids 
and  by  most  vegetable  acids,  by  alkalies,  and  by  decoctions  of  dye-woods. 
The  alumina  contained  in  ii.  is,  however,  no  longer  capable  of  acting  as  a 
mordant.  Its  coaguluin  with  dye-  woods  lias  the  color  of  the  infusion,  but 
is  translucent  and  toially  different  from  the  dent*  opaque  lakes  which 
ordinary  alumina  forms  wiih  the  same  coloring  matters.  On  evaporating 
the  solution  to  dryness  at.  UK)11,  the  idut'iina  remains  in  the  form  of  dihy- 
drate, retaining  only  a  trace  of  acetic  aeiii.  In  this  state  it  is  insoluble  in 
the  stronger  acids,  but  soluble  in  iicetie  acid,  provided  it  has  not  been  pre- 
viously coagulated  in  the  manner  just  mentioned.  Boiling  potash  converts 
it  into  tile  triJiydvatc* 

Ahimiiuttf'.s.  — The  hydrogen  in  aluminium  Irihydratc  may  lie  replaced  by 
an  equivalent  quantity  of  various  metals;  such  compounds  are  called 
aluminates.  According  to  Promy,  a  solution  of  alumina  in  potash  slowly 
evaporated,  out  of  contact  with  the  air,  deposits  granular  crystals  of  po- 
tassium ahmiinaio,  A1'"K<V„  or  Al,03.OIv,.  Similar  compounds  occur  na- 
tive ;  thus  Spinelt  is  an  aluminaie  of  mag  hum  lull.  Ai'''.,Mg''()1;  Ga/inile,  an 
aluminate  of  line,  A!'//5Zu"04. 

Aluminium  Sur.riiinu.  Al/^. —  When  the  vapor  of  cnriion  bisulphide  is 
piissed  over  aluiiiitia.  :i1  a  brughl.  rod-heat,  n.  glassy  melted  mass  remains, 
which  is  instantly  decomposed  by  water,  wiih  eviduuon  of  sulphuretted 
hydrogen. 


t  Sui.tutatt:,  (SO.,)aAl"-',.180lfi,,  or  .AS:,0S.  3S03.180Hj.— 
Prepared  by  saturating  dilute  sulphuric  acid  wiih  alitn.mium  hydrate,  and 
evaporating;  or,  on  the  large  seaie.  by  hinting  c!ny  with  sulphuric  acid. 
It  crystallizes  in  iSiin  pearly  plates,  soluble  in  2  purls  of  water;  it  has  a 
sweet  and  astringent  ta.st.e,  and  an  acid  reaclion.  Heated  to  redness,  it  is 
decomposed,  leaving  pure  alumina.  Two  oilier  aluminium  sulphates,  with 
excess  of  base,  are  also  di'seriiied,  one  of  which  is  insoluble  in  water. 

Aluminium  sulphate  combines  with  the  sulphates  of  potassium,  sodium, 
and  ammonium,  and  i  he  oi  her  alkali-metals,  foaming  double  salts  of  great- 
interest,  the  alums.  Common  alum,  the  source  of  all  the  preparations  of 
alumina,  contains  iSn.;,,A!''-'-'K..  !  :!< III.,.  It  is  nianui'ii.elured  on  a  very  large 
scale  from  a  kind  of  slaiy  clay,  lomlcd  wiih  iron  bisulphide,  which  abounds 
in  certain  localities.  This  is  gently  roasted,  and  then  exposed  to  the  air  in 
a  moistened  state  ;  oxygen  is  absorbed  ;  the  sulphur  becomes  acidified  ;  fer- 
rous sulphate  and  aluminium  siilphnlc  :iv«  produced,  and  afterwards  sepa- 
rated by  lixivintion  with  water.  The  solution  is  next-  concentrated,  and 
mixed  wiih  a  quantity  of  potassium  chloride,  which  decomposes  t-lie  iron- 
salt,  forming  ferrous  chloride  and  potassium  sulphate  ;  the  latter  combines 
with  the  aluminium  sulphate  to  form  alum.      By  crystallization  the  alum  is 
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separated  from.  Hie  h:ghly  Jolul.ee  iron  chloride,  ami  afterwards  easily  pu- 
rified by  a  repetition  of  the  process.  Other  methods  of  alum-making 
exist,  and  are  sometimes  employed,  I'ma^inm-alum  crystallizes  in  colorless, 
transparent  octohedrons  which  often  exhibit,  llic  faces  of  the  cube.  It  has 
a  sweetish  and  astringent  r.isie.  reddens  lilieus-naper,  and  dissolves  in  18 
parts  of  water  at  1:V,3°,  and  in  its  own  weight  of  boiling  water.  Exposed 
to  heat,  it  is  easily  rendered  auliyurijus,  and  by  a  vcey  high  temperature  it 
is  decomposed.  The  crystal?  have  little  tendency  to  change  in  the  air. 
Alum  is  largely  used  in  the  arts,  in  preparing  skins,  dyeing,  &e. :  it  is  oc- 
casionally contaminated  with  iron  oxide,  which  JntiivJ'eres  with  some  of  its 
applications.  The  celebrated  Itnssuui  alum,  made  from  alum-stone,  a  fel- 
Spathick  rock  altered  by  sulphurous,  vapors,  was  once  much  prized  on  ac- 
count of  its  freedom  from  tills  impurity.  A  mixture  of  dried  alum  and 
sugar,  carbonised  in  mi  open  pan,  and  then  halted  to  redness  in  a  glass 
flask,  contact  wit.li  air  being  avoided,  furnishes  the  jujrophnrus  of  Homberg, 
which  ignites  spontaneously  on  exposure  in  I  lie  atmosphere.  The  essential 
ingredient  is,  in  all  pro  I)  ability,  finely  divided  potassium  sulphide. 

Hvdium-alum,  in  whitrli  sulpluiic  of  sodium  replaces  sulphate  of  potassium, 
has  a  form  and  constitution  simi'ar  to  that  of  the  suit  described:  it  is, 
however,  much  more  soluble,  and  diiliculr.  lo  crystallize. 

Ammoniwn-alam,  containing  Nil,  instead  of  K,  very  closely  resembles 
common  potassium-alum,  having  the  same  figure,  appearance,  and  consti- 
tution, and  nearly  the  same  decree  of  solubilily  us  that  substance.  It  is 
manufactured  for  commercial  use.  As  the  value  of  potassium  salts  is  con- 
tinually increasing,  monium-alum,  which  may  be   used  in  dyeing  with 

the  same  advantage  as  the  corresponding  pia.issium  Halt,  has  almost  en- 
tirely replaced  the  potassium-alum.  When  heated  lo  redness,  ammonium- 
alum  yields  pure  alumina. 

C&tium-alum,  (KU/iJAl'"("s.i:tiTt.l.  and  Ihihwhim-idum,  (S04)2M"'ftb. 
120Hj,  resemble  potassium  alum.  A  nili-r.r  alum,  (S04),JAl'"Ag.l20H!,  is 
formed  by  heating  eq  livulent  quantities  of  argeinie  and  aluminium  sul- 
phates till  the  former  is  dissolved,  It  crystallizes  in  regular  octohodrous, 
and  is  resolved  by  water  into  its  component  salts.  There  is  also  a  thallium 
alum,  (SOJ)2Al'"i'1.1.20H„  which  crystallize;  in  regular  ootohedrons. 

Lastly,  there  are  a.: urns  isonioL-phous  wiih  lliose  just  described,  in  which 
the  trivalent  aluminium  is  replaced  by  tri^alem  iron,  chromium,  and  man- 
ganese: for  example,  potussio-t'errio  sulphate  or  potassium  iron  alum,  (SO,), 
Fe'"K.120ll3;  <wi.mi.nm-i-kroMis  sulphate,  (,Si\;.Ji;r-,".MI,.120fIa.  Theso 
will  he  described  farther  on. 

Few  other  aluminium  sails  preseni  especial  iutcresr.  except  the  .silicates ; 
but  these  latter  are  of  great  importance.  Wilieat.es  of  aluminium  enter 
into  the  composition  of  a  number  of  crystallized  minerals,  among  which 
felspar,  by  reason  of  its  abundant,  occurrence,  oeeupies  a  prominent  place. 
Granite,  porphyry,  trachyte,  and  oilier  ancient  nnsfruiilied  rooks,  consist 
in  great  part  of  this  mineral,  which,  under  peculiar  circumstances  by  no 
.s  well  understood,  ami  parti  uulur'y  \>\  tIio  net  inn  of  the  carbonic  in  '  ' 


of  the  air,  suffer  complete  decomposition,  becoming  converted  into  a  soft, 
friable  mass  of  earthy  matter.      This  is  (lie  origin  of  clay;  the  change  it- 
n  great  perfection  in  eeiaain  districts  in  Devonshire  and  Corn- 


wall, the  felspar  of  the  fine  while  granite  of  those  localities  being  often 
disintegrated  lo  an  extraordinary  deplh.  ami  I  lie  ruck  nit e rod  to  a  substance 
resembling  soft  mortar.  Jiy  canning,  this  finely  divided  matter  is  sepa- 
rated from  the  quarts  and  mica :  and  (he  mith-liiie  liquid,  being  collected 
in  tanks  and  suffered  !o  stand,  deposit-,  the  susp ended  clay,  which  is  after- 
wards dried,  first  in  (he  air,  and  afterward.,  in  a  stove,  and  employed  in 
the  manufacture  of  porcelain.  The  composition  assigned  to  unaltered  fel- 
spar is  SijO,AlK,  or  SiCyUlv.iiSiOj,  ov  liSiO,.  Al2Os.KaO.      The  exact  nature 
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of  the  change  by  which  fi.-l ^.pn i-  pi^ss  into  nureelain  clay  ia  unknown,  al- 
though it  evidently  consists  in  tiio  abstraction  of  silica  acid  alkali. 

When  the  decompiling  reel;  contains  iron  oxide,  the  clay  produced  ia 
colored.  The  ditlereni  varieties  of  shale  and  slate  result,  from  the  altera- 
tion of  ancient  clay-beds,  anparcully  i.n  many  instances  by  tne  infiltration 
of  water  holding  silica  in  solution:  tiio  iluik  appearance  of  some  of  these 
deposits  ia  duo  to  bituminous  matter. 

It  ia  a.  common  mistake  to  confound  day  with  alumina:  all  clays  are 
essentially  silicates  of  tliat,  base ;  tiiey  oftco  vary  a  good  deal  in  composi- 
tion. Dilute  acids  exert,  little  action  on  these  compound,:  but  by  boiling 
with  oil  of  vitriol,  alumina  is  dissolved  oof,  ami  tincly  divided  silica  le It 
behind.  Clays  containing  an  admix-iuro  of  calcium  carbonate  are  termed 
marls,  and  arc  recogni/ed'hy  effervescing  with  acids. 

A  basic  aluminium  silicate,  Al.,(  I.,.S1U,,  is  found  crystallized,  constituting 
the  beautiful  mineral  called  ci/imiiJ.:  The  compounds  formed  by  the  union 
of  the  aluminium  silicates  with  other  silicates  arc  almnsi  innumerable.  A 
sodium  felspar,  ulL  He,  containing  that  mem  I  in  place  of  potassium,  is  known, 
and  there  are  two  somewhat  similar  lithiuiu-c^iiipoiitids,  spodtmene  and  pa- 
talili.  The  zeolites  belong  to  this  class;  anale.ime,  nqiheline,  mesotype.,  &o., 
are  double  silicates  of  sodium  and  aluminium,  with  water  of  crystallization. 
Stilbits,  heulandi/.e.  limiKoiuit.:,  pre.!™;/,:,  Sc,  consist  of  calcium  silicate  com- 
bined with  silicate  of  aluminium.  The  garnets,  mhtite,  mica,  &c,  have  a 
similar  composition,  but  are  anliydrous.  Iron  scsquioxide  is  very  often 
substituted  for  alumina  in  these  minerals. 


Salts  of  aluminium,  when  moist  cned  with  r-ib>.i!t  nit  rut?  and  heated  before 
the  h'.cwpipe.  assume  a  eha.vactei'isiie  blue  color. 

Alumina,  when  in  solution,  is  distinguished  without,  difficulty.  Caustic 
potash  and  sviltt  occasion  white  gelatinous  precipitates  of  aluminium  hy- 
drate, freely  soluble  in  excess  of  the  alkali.  A  an/i'in.'a.  produces  a  similar 
precipitate,  insoluble  in  excess  of  the  reagent.  The  alkidine.  carbonates  and 
carbonate  of  ammonia  precipitate  the  hydrate,  with  escape  of  carbonic  acid. 
The  precipitates  are  insoluble  in  excess. 

Ammonium  sttljihidr  also  produces  a  whits  precipitate  of  aluminium 
hydrate. 


BERYLLIUM,  or  GLUCIHDM, 

Atomic  weigh!,  9-4.      Symbol,  lie. 

This  somewhat  rare  metal  occurs  as  a  silicate,  either  alone,  as  in  phena- 
cite,  or  associated  with  other  silicates,  as  beryl,  eucla.se,  leucophane,  hel- 
vite,  and  several  varieties  of  gadoiiniie  ;  a  bo  as  an  alumitiate  in  eh ryso beryl 
or  eymopliane. 

Metallic  beryllium  is  obtained  by  passing  the  vapor  of  the  ohloride  over 
melted  sodium.  It  is  a  while  metal  of  specific  gravity  2-1;  it  may  be 
forged  and  rolled  into  sheets  like  gold ;  its  m  el  ring  point,  is  below  that  of 
silver.  It  does  net  decompose  water  at  the  boiling  heat.  Sulphuric  and 
hydrochloric  acids  dissolve  it,  with  evolution  of  hydrogen. 

Beryllium  forms  but.  one  class  of  compounds,  and  there  is  considerable 
doubt  as  to  its  atomic  weight  and  equivalent  value.  On  the  one  hand  it  is 
regarded  as  a  dyad,  like  calcium  and  magnesium,  with  the  atomic  weight 
9'4,  its  chloride 'being  TieCi;,  its  ovule  .lief) :  on  the  other  hand,  as  a  tetrad. 
Ilk!!  !:ii;i!iilliiioi.  with  apparent,  t.ri -equivalent  value,  on  wbieh  supposition 
lis  chloride  would  lie  lle.CL.  its  nvide  IV. 0  ami  lis  ajomio  weight  1-1;  but 
29 
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the  former  view  appears,  oil  the  whole,  to  be  most  in  accordance  with  ob- 
served facts. 

Beryllium  Chloride,  lioCL,  is  formed  by  hulling  the  metal  in  chlorine 
or  hydrochloric  acid  gas,  or  by  the  action  of  aipieuus  hydrochloric  acid  on 
tho  metal  or  its  oxide. 

The  anhydrous  chloride  is  prepared  by  p:i j^i nir  chlorine  over  an  ignited 


Beryllium  Oxiiik.  V-f.h ill e a,  Rctl. —  This  earth  maybe  prepared  from 
beryl,  or  either  of  the  other  beryllium  silicate.!.,  by  fusing  the  finely  pounded 
mineral  with  potassium  carbonate  or  L|iiiok'_ime ;  treating  the  fused  mass 
with  hydrochloric  acid;  evaporating  to  dryness;  then  moistening  the  resi- 
due with  hydrochloric  acid,  and  treating  it.  ivilli  waier,  whereby  every- 
thing .is  dissolved  except  the  silica.  The  tillered  liquid  is  then  mixed  with 
excess  of  ammonia  solution,  which  llmnvs  down  a  buikv  precipitate  con- 
taining both  alumina  a. id  bcrylliu  ;  this  precipitate  is  well  washed,  and  the 
beryllia  is  dissolved  out  fro  m  I  he  alumina  by  dig  us;  ion  in  a  cold  strong  so- 
lution of  ammonium  carbonate.  The  liquid  in  again  hlturod,  and  on  boiling 
it,  beryllium  carbonate  is  deposited  as  a  iviiii  u  ponder,  which,  when  ignited, 
leave-  pure  beryllia. 

Beryllia  is  vary  much  like  alumina  in  physical  characters,  and  further 
resembles  that  substance  hi  being  readily  dissolved  by  caustic  potash  or 
soda;  but  it  is  distinguished  from  alumina  bj  it.-  solubility,  when  recently 
preeipiiaiud,  in  a  cold  solution  of  ammonium  carbonate. 

Beryllium  salts  have  a  sweet  taste,  whence  the  former  name  of  the  metal, 
glutinum  (from  yliii^;..    Tliey  are  colorless,  and  arc  distinguished  from  those 

nf  jiliitii!nii:m  by  not.  yielding  an  a! v,  ith  potassium  sulphate,  nor  a  blue 

color  when  heated  before  the  blowpipe  with  cobalt  nitrate;  also  by  their 
reaction  with  ammonium  carbonate. 


ZIRCONIUM. 

Atomic  weight,  89'6.      Symbol,  Zr. 

This  is  a  tetrad  metal,  intermediate  in  many  of  its  properties  between 
aluminium  and  silioium.  Its  oside,  zirconia,  was  first  obtained  by  Klap- 
roth,  in  1789,  from  zircon,  which  is  a  silicate  of  zirconium.  It  has  since 
been  fon  ml  in  lorgnsonite,  end  inly  to.  and  I  wo  or  three  other  rare  minerals. 

Zirconium,  like  silicium.  is  capable  of  existing  in  three  different  states, 
amorphous,  crystalline,  and  graphiloidal.  The  amorphous  and  crystalline 
varieties  are  obtained  by  processes  similar  lo  those  described  for  preparing 
the  corresponding  modifications  of  .silicium;  graphitoidal  zirconium  was 
obtained,  by  Troost,  in  attempting  to  decompose  sodium  zirconate  with 
iron,  in  light  seales  of  a  steel-gray  color.  Amorphous  zirconium  when 
heated  in  the  air  takes  five  at  a  heal  somewhat  below  redness,  and  burns 
with  a  bright  light,  form  inn  lireonia.  Crystalline  zirconium  forms  very 
hard  brittle  scales  resembling  antimony  in  color  and  bistre;  it  burns  in  the 
air  only  at  the  heat  of  the  oxv  livdroiren  blowpipe,  bus  takes  fire  at  a  red 
heat  in  chlorine  gas.  Zirconium  is  but  little  attacked  by  the  ordinary 
acids;  but  hydrofluoric  acid  dissolves  it.  readily,  with  evolution  of  hydrogen, 

Zirconivh  OxmE.  or  Zirconia,  ZrOj,  is  prepared  by  strongly  igniting 
iironn  (zirconium  siliivirc'i  with  four  times  irs  weight  of  dry  sodium  carbon- 
ate and  a  small  t;:ian(iiy  of  sodium  hydrate,     The  silica  is  separated  from 
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fhe  fused  mass  by  hydrochloric  acid.  :ls  described  in  the  case  of  heryllia; 
the  resulting  solution  is  treated  wiih  aiunionia.  which  throws  down  zirconia 
generally  mixed  with  ferric  oxii.l«:  the  precipitate  is  redissolved  in  hydro- 
chloric acid;  and  the  solution  is  boiled  with  excess  of  sodium  hyposulphite 
as  long  as  sulphurous  acid  continues  io  escape,  whereby  pure  zirconia  is 
precipitated,  the  whole  of  the  iron  remaining  in  the  solution.  Zirconia 
thus  obtained  forms  a  white  powalor  or  hard  biters  of  specific  gravity  4-35 
to  4*9.  By  fusing  it  with  borax  in  a  pottery  fui-tiace  and  dissolving  out 
the  soluble  sails  with  hydrochloric  acid,  ma-onia  is  obtained  in  small  quad- 
ratio  prisms,  isomoi-phous  with  the  native  oxide-  "i'  tin  and  titanium. 

Zirconium  hydrates  are  obtained  by  pi-eoipjiaiitig  t.ho  solution  of  a  zir- 
conium salt  with  ammonia;  the  preeipiiaie  contains  Z rH „(>,-=  ZrO„.OH„ 
or  ZrH,0,  =  ZrO.^'OIL.  according  to  the  temperature  at  which  it  is  dried. 

Zirconia  acts  both  as  u  base  and  as  a  a  acid.  A  Tier  ignition  it  is  insoluble 
in  all  acids  except  hydrofluoric  ami  very  strong  sulphuric  acid;  but  the 
hydrate  dissolves  easily  in  acids,  forming  the  zirconium  salts]  the  normal 
sulphate  litis  the  composition  [it.<.\). //.,-",  or  K03.ZrO,. 

Compounds  of  zirconia  with  (lie  h1i'(Hl;ti':-  bases,  eallcd  ilreonatet,  arc  ob- 
tained by  precipitalins  it  7.  i  recti  in  in  suit  with  potash  or  soda,  or  by  igniting 
zirconia  with  an  alkaline  hydrate.     ./Viawit  ;>V™nafc  dissolves  completely 
in  water.      Three  smUiint  zifetin'.iU-x  have  been  for  moil,  eor.taininj'  Zi'OjNa-j 
ZrOj-ONa, ;   ZrO,Na<  =  ZvOr20Ssia ;  and  Zr90„Nas  =  KZrO,  Oriaa. 

Zirconium  Fi.uokijie,  ZrFj.  —  This  compound  is  obtained  by  dissolving 
zirconia,  or  the  hydrate,  in  hydrofluoric  acid  ;  or  in  the  anhydrous  state, 
by  igniting  zirconia  with  ammonium  and  livdiogen  fluoride  (p.  270)  till  all 
the  ammonium  fluoride  is  driven  oil'.  It  unite?  ii-ir.li  other  metallic  fluorides, 
forming  double  salts,  called  eirrriihorvks  or  jl'mzmowiir*.  which  are  isomor- 
phoua  with  the  cor  responding  silieothiori;lcs,  s.tanno!Ltorides,  and  titano- 
fluorides,  and  are  mostly  represented  by  the  formula; 

411F.ZrF(;     3MF.ZrF4;     2MF.ZrF4;     MF.ZrF4, 
in  which   M  denotes  a  monad   metal.      The  sodium  salt,  however,  has  the 
composition  5NaF.3ZrF(. 


THORIHUM,  or  THORIUM. 
Atomic  weight,  115-75.      Symbol,  Th. 

This  very  rare  racial  was  discovered  in  1H28  by  Berzotlus,  in  Ihnriifl,  a 
miiioi-al  from  the  Norwegian  island  l.oviiji,  in  which  it  exists  :is  a  silicate. 
It  has  since  been  found  in  euxenite,  pyrochlore,  and  a  few  other  minerals, 
all  very  scarce. 

Metallic  thorinum  is  ohiained  by  reducing  the  chloride  with  potassium 
or  sodium,  as  a  gray  powder,  which  ite^uires  nieiallie  lustre  by  prceynre. 
and  has  a  density  of  7-60  to  7-'J.  It  is  not  nxiiti/uil  by  water,  dissolves  easily 
in  nitric,  slowly  in  hydrochloric  acid,  and  is  not  attacked  by  caustic  alkalies. 

Thorinum  forms  but  one  class  of  coin  pounds,  in  rib  of  which  it  i.s  bivalent,. 

Thorinum  Oxitje,  or  Tiiorina,  ThO,  is  prepared  by  decomposing  thorite 
with  hydrochloric  acid,  separaliuLt  the  silica  in  ilie  usual  way,  treating  the 
filtered  solution  with  hydrogen  sulpliiibi  to  se  pa  rale  lea  1  and  tin,  and  pre- 
cipitating the  thorjna  by  ammonia,  Ji>ge;lu;v  with  small  quantities  of  Ihe 
oxides  of  iron,  muiigitnesis,  and  uranium.  To  get  rid  of  these,  the  precipi- 
tate is  redissolved  in  hydrochloric  acid,  and  the  hoi  saturated  solution  is 
boiled  with    a  solution  of   neutral  potassium  sulphate.      The  thorini 
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thereby  precipitate  I  as  thnrinuin  arid  potassium  sulphite;  and  from  the 
solution  of  this  salt  in  fust  water,  the  Uterinum  is  precipitated  as  a  hydrate, 
whioh.  <iii  igniiian.  yields  [■in-e  thorina. 

Thorina  13  white,  ami  very  heavy,  iis  specific  iiviivity  being  9,402.  After 
ignition  it  is  insoluble  in  jiitric  unil  hydrochloric  aeuls,  and  dissolves  in 
strong  sulphuric  acid  only  ai'ter  uro'.onged  heating.  "I ' h c  hydraU:  precipi- 
tated from  (hnrinum  sails  liy  alkalies  disstuves  easily  ill  aoide. 

TirOBCNUM  Ch  1.0 111  on,  T!i(!1.;.  prep:! red  Ijy  igniting  an  intimate  mixture  of 
thorina  anil  clinreoul  in  chiutine  gas,  sublimes  in  white  shining  crystals, 
)t  Covins  double  salt!,  with  the  chlorides  of  the  alkali -metals. 

Tiiobinum  Sulphate,  S04Th",  crystallizes  ivitli  various  quantities  of 
water,  according  to  [he  tempera!  ure  at  which  its  solution  is  evaporated. 
Thorinum  and polai'oi t,i  :<nip i, ate.  ■;'S(lJi.,T]i'''K1.  (ill..,  separates  as  a  crystalline 
powder  when  a  ernst  of  potassium  sulphate  is  suspended  in  a  solution  of 
thorinum  sulphate.  It  is  easily  soluble  in  water,  but  insoluble  in  alcohol 
and  in  sulniiini  of  potassium  sulphate. 


CERIDST.  -  LAHTHAHUM.  —  DIDYMIUM. 
Ce  =  92.  — La  =  92-8.  —  Di  =  96. 

Those  three  metals  occ-.ir  together  as  silioaics  in  the  Swedish  mineral 
oecire,  also  in  allanue,  urtliito.,  and  a  few  others;  and  as  phosphates  in 
uifinii/tte,  edwardsite,  and  cryptolite,  a  mineral  occurring  disseminated 
through  apatite  and  through  eerlaiu  cobalt  ores. 

Cerium  was  discovered"  in  I  Sit;!  by  Kinpi  olh,  and  by  Hisinger  and  Ber- 
zelius,  who  obtained  it  in  the  form  of  oxide  from  ccrite.  This  mineral  is 
completely  decomposed  by  boiling  with  strong  hydrochloric  acid,  silica 
being  separated,  and  the  cerium,  together  with  :ron  and  olher  metals,  dis- 
solving as  chloride.  On  treating  t.ho  achl  solmion  Thus  obtained  with  oxalic 
acid,  cerium  nxaiaie  is  prccireiM.ied  as  a  while  eryslatline  powder,  whieh, 
when  ignited,  leaves  a  brown  oxide.  The  product  thus  obtained  was  for 
some- time  regarded  as  (lie  uxu.le  of  a  sin  id  1;  inela.l,  cerium. ;  but  in  1839  and 
1841,  Mosander5  showed  that  it  contained  the  oxides  of  two  other  metals. 
Which  lie  designated  as  IviithniiUiirr  and  u'l.'.'i/mium.* 

Curium  oxide  may  be  separated  from  tiie  oxides  of  lanthanum  and  didy- 
mium  by  treating  the.  crude  brown  oxide  above  mentioned,  first  with  dilute 
and  then  with  strong  nil  ric  acid,  which  gradually  re  moves  the  whole  of  the 
lanthanum  and  didyrnium  oxides. 

The  separation  of  these  two  exides  one  from  the  other  is  much  more  diffi- 
cult, and  can  be  cll'e.cterl  only  by  successive  crystallization  of  their  sul- 
phates. If  the  lanthanum  salt  is  in  excess,  in  whieh  ease  the  solution  of 
the  mixed  sulphates  has  only  a  I'aini  amei  hy-l  1  inge,  (he  liquid  is  evaporated 
to  dryness,  and  the  residue  heated  (0  a  temperature  just  below  redness,  to 
render  the  sulphates  anhydrous.  The  residue  I. Ims  obtained  is  then  to  be 
added  by  small  portions  (0  icc-eold  waier.  i:i  whieh  ii  dissolves  easily,  and 
the  resulting  solution  heated  in  a  wat.er-bar.h  to  about  40°.  Lanthanum  sul- 
phate then  orystalli/.es  out,  conlniiiing  only  a  small  quantity  of  didyrnium, 
and  may  be  i'n-ii.er  purified  by  repealing  the  whole  process.  If,  011  the 
other  hand,  the  didymiinn  salt  is  in  eveess,  in  Mbich  case  (.he  lit.uid  has  a 
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decided  rose  color.  separation  may  be  e'feered  by  leaving  the  acid  solution 
in  sl  warm  jiInciT  far  a  ihiy  or  two.  Didyinium  sulphate  then  separates  i:i 
iargo  rhombohedral  crystals. 

Metallic  cerium,  lanthanum,  and  didyniiuiu  arc  obtained  by  reducing 
the  chlorides  with  sodium,  in  i  lie  form  of  gi  ay  powder-,  which  decompose 
water  at  ordinary  temperatures,  and  dissolve  rapidly  in  diluto  acids  with 
evolution  of  hydrogen. 

Cerium  forms  tlires  series  of  compounds:  ihe  w>;t#  rowpoimdi,  in  which  it- 
is  bivalent,  e,  </.,  CeCl...  Cell,  CcSt*,:  Hie.  wjc'ii  ntmiioituds,  in  which  it  is  ap- 
parently trivalent,  hut  rcailv  quadrivalent,  like  this  ferric  salt,  e.  g.,  eerie 

CcFa 
fluoride,    Ce,F6  =    I         ;   and    the    e,:ro>io-c,:rk.    cmtqnnmfh,    of  intermediate 

CeF, 

composition,  and.  perhaps,  consisting-  of  couiTojunds  of  the  other  two;  e.  g., 
ecroso-ccrio  o*ide.  0o30,  -^  (;«O.Ge,0,. 

<7erou«  ojetefe,  CeO,  is  obla.ine.il  by  igniting  1 1 1 l-  ea.rboiia.te  or  oxalate  in  a 
current'  of  hydrogen,  as  a  gruyi-h-blnc  powder,  quickly  converted  into 
ceroao-cor-ic  ovule  en  exposure  t.n  the  aiv.  its  salts  are  colorless.  The 
tulphate,  SOfia,  crysl.alLc/.es  with  various  quantities  of  water,  according  to 
the  temperature  sit  which  il.  is  deposited.  Cerium  and  jintn.xxiuiii  tnl/ikati, 
(SOj)sCeKs,  separates  as  a.  while  powder  on  immersing  solid  potassium  sul- 
phate in  a  solution  of  a  eerous  salt.  It  is  slightly  soluble  iu  pure  water, 
but  insoluble  in  a  saturated  solution  of  pe-tas-iuin  sulphate.  The  forma- 
tion of  this  salt  affords  [lit:  means  of  separating  cerium  from  most  other 
metals. 

The1  only  eerie  compounds  actually  known  are  the  linori.<te,  CejFfl,  already 
mentioned,  which  nia.y  be  obtained  as  n  yellow  precipitate,  and  likewise 
occurs  native  as  ftweerite,  and  an  oxylluoride,  Ce.^Q,.  occurring  as  fiuo- 
ce-ii/i."  at.  I'innbo,  in  Sweden. 


|>o 
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ferrosoferric  or  magnetic  iron  oxido,  is  produced  when  cevotts  hydrate, 
Carbonate,  or  nitrate  is  ignited  in  a.n  open  vessel.  It  is  yellowish- white, 
acquires  a  deep  orange-red  color  when  heated,  but  recovers  its  original 
tint  on  cooling.  It  is  not  converted  into  a  higher  order  by  ignition  in 
hydrogen.  Ceroso-cn-ic  fwilrti.tr.,  Cvs(\.  iH)\\.r  obtained  by  passing  chlorine 
into  aqueous  potash  in  which  eerous  hydrate  is  sns[ierided,  is  a  bright- 
yellow  precipitate,  which  dissolves  readily  in  sulphuric  and  nitric  acids, 
forming  yellow  solutions  of  oeroso-oeric  salts;  ami  in  hydrochloric  aeid, 
with  evolution  of  chlorine,  forming:  cuim-lcss  eerous  chloride. 

The  solution  of  the   sulphate    yields    by   spentant s  evaporation,  first, 

brown-red  crystals  of  the  salt,  (SlV^O'V  18  at,.,  or  :!SO,Ce".  (SO^Ce"',. 
18  aq.,  and  afterwards  a  yellow  iu..li-i  iueilv  crystalline  salt,  containing 
S(V:e".iHO,)ilCe"';I.18*q.t 

All  ceroso-ceric  coiii|ieunds,  when  heated  with  hydrochloric  acid,  give 
off  chlorine,  and  are  reduce  d  to  the  correspond  ins;  eerous  compounds;  thus: 

Ce30,       +       SHCl       =       SCeCl,       +       4011,     +     CL» 
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Lanthanum  is  bivalent,  forming  only  »nu  set  of  compounds,  -viz.  LaCla, 
I.aO.  I -'.i Si!,.  'Pli (iv o  is,  however,  a  higher  oxide.,  the  composition  of  which 
is  not  exactly  known.  Lanthanum  salts  are  colorless  ;  their  solutions  yield, 
with  alkalies,  a  preeipitai.e  of  lanthanum  hydrate,  l.nU20„  or  LaO.OII,, 
which,  when  ignited,  leaves  r.lie  while  anhydrous  monoxide.  Both  the  hy- 
drate and  the  anhydrous  oxide  dissolve  easily  in  acids  La/Uhammi  tulphute 
forms  small  prismatic  crysials,  containing  HO^Ln  .  SOU,,.  Lanthanum  and 
potassium  sulphate,  (ciOt}..l.aK.,,  is  formed,  on  mixing  Hie  solution  of  a  lan- 
thanum salt  with  p'Oussiuiu  sulphate,  :ls  a  ivhkc  crystalline  precipitate, 
resembling  the  oot-resmimiiu;;  cerium  salt. 

liidpniam  is  also  bivalent  ;  its  sails  are  rose-colored,  and  their  solutions 
give,  with  alkalies,  a  pule  rose-colored  precipitate  of  the  hydrate,  DiH,OlP 
which,  when  ignited  in  a  covered  crucible.  1  i?;ivi:s  i  lit;  anhydrous  monoxide, 
DiO,  in  white,  hard  lumps.  When,  however,  I  he  hydraie,  nitrate,  carbon- 
ate, or  oxalate  of  didymiiim  is  heated  in  contact  with  the  air,  and  not 
very  strongly,  a  J  ark -brown  peroxide  is  left,  containing  from  0-8  to  0-9  per 
cent,  oxygen  more  than  the  monoxide.  This,  when  treated  with  acids, 
dissolves  readily,  giving  off  oxygen    and  yielding  a  salt  of  the  monoxide. 

Didymium  sulphnU  separates  Irani  an  acid  solution,  by  spontaneous 
evaporation,  in  well-iiefitted  rhoinbohedral  cns:iils,  exhibiting  numerous 
secondary  faces,  ami  containing  SH04'Oi  .  S  atp  :  ibey  arc  isomorphous  with 
the  similarly  constituted  sulphates  ol  yttrium,  erbium,  and  cadmium.  The 
sulphate  is  more  soluble  in  cold  than  in  hot  wilier,  and  a  solution  saturated, 
in  the  cold  deposits,  when  healed  to  the  boiling-point,  a  crystalline  powder 
containing  S0,I)i*M  aq. 

Didymiiaa  and  potassium  ndphale,    (1-jOJJiiK...    resembles  the  lanthanum 

Solutions  of  didymium  salts  exhibit,  a  well-marked  absorption  spectrum,* 
containing  two  black  lines  inido^ig  a  very  bright  space.  One  of  tliesc 
black  lines  is  in  the  yellow,  immediately  following  l-'ruunhofer's  line  D; 
the  oilier  is  situated  tier  ween  1!  and  b.  These  characters  can  be  distinctly 
recognized  in  n  solution  half  an  inch  deep,  containing  only  O'Ol  per  cent. 
Of  didymium  salt.  Lanthanum  salts  do  not  exhibit  an  absorption  spectrum 
(Gladstone). 


These  metah*  exist  as  silicates  in  the  gadolinitc  or  ytlerbite  of  Ytterby  in 
Sweden,  and  in  it  few  other  rare  minerals.  A  third  nieial,  called  terbium, 
has  also  been  supposed  to  be  associated  wish  I  hem  ;  but.  recent,  experiments, 
especially  those  of  ltaiir  and  Buiisen.v  have  thrown  very  great  doubt  upon 

To  obtain  the  earths,  ytt.ria  and  orbia,  in  the  separate  state,  gadolinit.e 
is  digested  with  hy il roe b brie  aoiil.  and  the  solution  separated  froni  the 
silica  is  treated  with  oxalie  acid,  which  i  brows  down  I  he  oxalates  of  erbium 
aud  yttrium,  together  with  those  of  calcium,  cerium,  lanthanum,  and  didy- 
mium. These  oxalates  are  coiive.He.il  into  nitrates;  tin;  solution  is  treated 
with  excess  of  solid  potassium  sulphate,  to  separate  the  cerium  metals; 
the  erbium  and  ytlriuiu.  which  still  remain  in  solulion.  are  again  precipi- 
tated by  oxalie  acid;  and  the  same  ireiiniient  is  repeated,  till  the  solution 
of  the  mixed  earths,  when  examined  by  the  spectral  apparatus,  no  longer 
exhibits   the   absorption   bands    charaoleristic  of  didyniium.      To  separate 


■9  r.iniir,  p.  Bit,  t  Ann.  Ch.  PhHtm.  amU.  1 


...Google 


EARTH-METALS.  343 

the  erbia  and  ytlria.  they  are  a;.! ■Lin  precipil  'tied  by  oxalic  acid.  The  oxa- 
lates are  converted  into  nitrates,  ami  i  lie  nitrntes  of  erbium  and  yttrium 
are  separated  by  a  scries  of  fraciionul  crysl-nlli/ntions,  the.  erbium  sail, 
being  the  less  soluble-  of  llie  two,  and  ccysiaiiiiiii::.  uui  first ;  but  the  pro- 
cess requires  attention  to  a  number  of  detail-,  which  cannot  be  here  de- 
scribed.* 

Metallic  erbium  has  not.  been  isolated.  Ynrium  (contain in i;  erbium) 
was  ob:ainod  by  Uer/.elius,  as  a  blackish-gray  pon  tier,  by  igniting  yttrium 
chloride  with  potassium. 

Erbia,  Eb"0,  obtained  by  ignition  of  erbium  nitrate  or  oxalate,  has  a 
faint,  rose  color,  il  does  nol  inell  a  I  I  ho  si  tongest  white  hear,  but  a  priv- 
ities to  a  spongy  mass,  glowing  with  tin  intense  i/ncn  light,  which,  when 
examined  by  toe  spectroscope,  inhibits  a  runiinitints  spectrum  i ::: ii-s^t-i :■■  1 
by  a  number  of  bright  bands.  Solutions  of  erbium-salts,  on  the  other 
hand,  give  an  absorption-spectrum  ns-iibitmg  dark  bands,  and  the  points 
o/iiHWi«!»  in.-'e'i.'.',';/  of  the.  lif/hi  liuuis  in  thy  r-.'iL'siiiii-.yn-yi-'nim  of  yl.aipmg  /rola- 
foinci-k  !.'■(  ■■«■:■!//  In. /losi/ion.  with  tin.  j.ii'.'i'H  of  ilri'iiiir./.  dnrkn'ss  in  III-  iiti.'Or/iHoii- 
sjientTUia.  The  position  of  (hose  bauds  is  tetany  different,  from  those  in  the 
emission  and  absorption-spectra  of  didyminm.f 

Erbium  stilts  have  a  rose-red  color,  deeper  in  the.  hyiinUed  than  in  the 
anhydrous  state ;  they  have  an  acid  reaction  ami  sweet  astringent  taste, 
T h e" .i i ilpli nii:.  :!,S(l4l^b"  .  snip,  forms  light  rose-colored  crystals,  JSuiuor pilots 
with  the  sulphates  of  yttrium  and  didymium. 

Yttria,  Y"0,  is  a  soft,  nearly  white  powder,  which  when  ignited  glows 
with  a  pure  wdiit.e  light,  ami  yield-  a  sped  runt  nut.  containing  any  height 
bands,  like  that,  of  erbia.  It  does  not  unite  direotly  with  water,  but.  is 
preci|.ulai.ed  as  a  hydrate  by  alkalies,  from  solutions  of  yttrium-salts.  It 
dissolves  slowly  bill.  complexly  in  hydrochloric,  nitric,  and  sulphuric  licids, 
focming  colorless  solutiens,  wiiich  do  not  exhibit  an  ebsorpl  ion -spectrum. 
Yttrium  sulphate,  oSO^Y".  8aq.,  form-  small  colorless  crystals. 


Reactions  of  the  Earth-Metals. 

1.  All  these  metals  are  prccipitnti'd  from  their  solutions  by  ammonium 
sulphide,  as  hydrates,  not  as  sulphides.  They  arc  not  precipitated  by 
hydrogen  sulphide. 

2.  The  hydrates  of  aluminium  find  beryllium  are  soluble  in  caustic  pot- 
ash:  lho.se  of  the  other  earth-metals  are  insoluble. 

3.  Beryllium  hydrate  dissolves  in  a  cold  saiurated  solution  of  ammonium 
sw'jM'ii",  and  is  precipitated,  as  carbonate,  on  bulling.  -Aluminium  hydrate 
is  insoluble  in  ammonium  cilebonate  fsoc  further,  p.  337). 

4.  Of  the  earth- metals  whose  hydrates  are  insoluble  in  potash,  —  namely, 
zirconium,  tlmrinuiii,  cerium,  lanthanum,  dhlymium,  erbium,  and  yttrium, 
—  zirconium  and  Ihoriuum  may  be  prceipiintod  a.s  hyposulphites  by  boiling 
the  solution  with  si, ilium  lii/ji./.niJ/ihi/i;  the  otiier  metals  remaining  in  solution. 
The  precipitate  when  ignited  loaves  pure  airconiit  or  I  he  fin  a,  or  a  mixture 
of  the  two. 

5.  Zirconium  and  thorinum  limy  be  separated  one  from  the  other  by 
means  of  ammnivum  oxalate.,  which,  when  added  in  excess,  precipitates  the 
thorinum  as  oxalate,  and  leaves  the  zircon  in  in  in  solution. 

(i.  Cerium,  lanthanum,  and  didyminm  are  separaled  from  yttrium  and 
erbium  by  adding  an  excess  of  no  .<«,",- <>,-;«  /n/'p/ntte,  «  hie  a  throws  down  the 

-  ft'!'  Ham1.  Hi.  liiiMiii'-.-.if  rie.ne.tiT,  .el  v.  p.  721. 

■!■  Tin)  iMiu/r  by  B:;lir  an  I  F E ■  j ■■.-■-.-■ .  .,'M..ve  IVM-.I  !u.  I-  a..  i.,'ic:;i:iii-I  hy  !>x.ict  '.Hugrains  ui  til" 
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cerium  metals,  leaving  yttrium  and  erbium  in  solution  ;  to  insure  complete 
precipitation,  the  solution  must  be  left,  in  contact  lor  some  time  with  a 
piece  of  solid  potassium  sulphate 

Cerium  may  be  separated  from  lanthanum  and  didymium,  as  already 
observed,  by  treating  the  ni:si:il  oxides  several  times  with  nitric  acid  (p, 
•540).  Another  method  is  lit  boil  the  mixed  oxides  (the  cerium  being  in 
the  stale  of  ceroso-eeric  oxide;  with  solution-  of  sat-mmiwriiac.  The  lantha- 
num and  didymium  then  triadna:!y  dissolve,  us  u lilo riilcs,  while  the  cerium 
remains  as  oeroso-eerio  oxide.  A  third  ineihod  is  to  precipitate  the  solu- 
tion of  the  three  melals  with  excess  of  potash,  ntnl  pass  chlorine  in  excess 
through  the  solution  ami  proeipila.Lc ;  the  cerium  is  then  separated  as 
bright-yellow  ccroso-eoric  hydrate,  while  the  lanthanum  and  didymium 
rcdissolvc  as  chlorides.  Thin  reaction  serves  to  doted  very  small  quanti- 
ties of  cerium  mixed  ivil.li  (he  oilier  I  ifo  metals.  Cerium  is  further  distin- 
guished by  the  light-yellow  color  of  n.ti h >  drous  eoroso- eerie  oxide,  and  by 
the  reaction  of  its  eoiupounds  "-non  fused  before  t!ie  blow-pipe  with  borax 
or  phosphorus  salt,  the  if],i^  thus  formed  being  doop-red  while  hot,  and 
becoming  colorless  on  cooling.  Didymium  is  distinguished  by  the  darlt- 
brown  color  of  its  higher  oxide;  by  the  pale  rose-eolor  which  its  salts 
impart  to  abend  of  borax  or  phosphorus  salt;  and  by  tins  peculiar  character 
of  its  absorption  spectrum  (p.  3i2). 

The  methods  of  scpurafing  lanthanum  from  didymitun.  and  yttrium  from 
erbium  —  imperfect  at.  the  best. —  have  been  already  noticed. 

MANUrAOTUBE  OP  GLASS,  POUCELAIN,  AND  EARTHENWARE. 

Glass.  —  Glass  is  a  mixture  of  various  insoluble  silicates  with  excess  of 
silica,  altogether  destitute  of  crystalline  structure;  the  simple  silicates, 
formed  by  fusing  the  liases  wir.ii  silieic  acid  in  equivalent  proportions,  very 
often  crystallize,  v.- hi  eh  li.ti'pons  aiso  with  the  greater  number  of  the  natural 
silicates  included  among  the  earthy  minerals.  Compounds  identical  with 
some  of  these  are  also  oeoa.sionally  formed  in  artificial  processes,  whore 
large  masses  of  melted  glassy  matter  are  suffered  10  cool  slowly.  The 
alkaline  silicates,  when  in  a  slate  of  fusion,  have  ilie  power  of  dissolving 
u  largo  quantity  of  silica. 

Two  principal  varieties  of  {(lass,  are  met.  with  in  commerce  — namely, 
glass  composed  of  siiiea.  alkali,  and  lime,  and  glass  containing  a  large 
proportion  of  lead  silicate;  ervicn  and  pi,ife  //toss  belong  to  the  former  di- 
vision; flint  glass,  and  the  material  of  artificial  gems,  to  the  latter.  The 
lead  promotes  fusibility,  and  confers  also  density  and  lustre.  Common 
green  bottle-glass  contains  no  lead,  but  much  silicate  of  iron,  derived  from 
the  impure  material;.  The  principle  of  the  glass  manufacture  is  very  sim- 
ple. Silica,  in  the  shape  of  sued,  is  healed  with  potassium  or  sodium  car- 
bonate, and  slaked  lime  or  lend  oxide  ;  at.  a  high  temperature,  fusion  and 
combination  occur,  and  the  carbonic  acid  '.-  expelled.  Glauber's  salt  mi  Mid 
with  charcoal  is  someiimes  substituted  for  soda.  When  the  melted  mass 
has  become  perfectly  clear  and  free  from  air-bubbles,  if  is  left  to  cool  until 
it  assumes  the  peculiar  lemi.eiuus  condition  propel1  for  working. 

The  operation  of  fusion  is  conducted  in  large  crucibles  of  refractory 
fire-clay,  which  in  the  case  of  lead-glass  are  covered  by  a  dome  at  the  top, 
and  have  an  opening  ai  the  side,  by  which  the  malcriais  are  introduced, 
and  the  melted  glass  withdrawn.  '  Croat  care  is  exercised  in  the  choice  of 
the  sand,  which  must  be  quite  while  ami  free  from  iron  oxide.  Red  lead, 
one  of  the  higher  oxides,  is  preferred  to  litharge,  although  immediately 
reduced  to  monoxide  by  the  beat,  the  liberated  oxygen  serving  to  destroy 
anycombustiblc  matter  that  might-  accidentally  lind  its  way  into  the  crucible, 
and  stain  'the  glass  by  reducing!!  portion  of  the  lend.    Potash  gives  a  better 
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glass  than  soda,  although  i.lic  hitter  is  very  generally  employed,  from  its 
lower  price.  A  ceH;im  proportion  of  broken  and  wsiste  glass  of  the  same 
kind  is  always  added  to  tin:  other  materials. 

Articles  of  blown  glass  arc  tin  is  inailo  :  The  workman  begins  by  collecting 
a  proper  quantity  of  soft,  parly  glass  sit-  the  end  of"  his  blowpipe,  an  iron 
tuba  five  or  sis  feet  in  length,  torminalotl  by  a.  mouthpiece  of  wood;  he 
then  begins  blowing,  by  which  the  lump  is  expanded  into  si  kind  of  flask, 
susceptible  of  having  its  form  modified  by  the  position  in  which  It  is  held, 
and  the  velocity  of  rotation  com  i  mi  ally  given  to  the  iron  tube.  If  an  open- 
mouthed  vessel  is  to  bo  inside,  an  iron  rod.  ostllad  a.  ptmiil  <ir  pimlil,  is  dipped 
into  the  glass  pot  and  applied  fo  the  bottom  of  the  ilask,  to  which  it.  thus 
serves  as  a  handle,  the  blowpipe  lining  removed  by  the  application  of  a 
eeld  iron  to  the  neck,  Tlio  vessel  is  thou  re-heated  at  si  hole  left  for  the 
purpose  in  the  wall  of  the  furnace,  anil  the  aperture  enlarged,  and  the 
vessel  otherwise  altered  in  figure  by  the  aid  of  a  few  simple  tools,  until 
completed.  It  is  then  delached,  and  carried  (0  the  annealing  oven,  where 
it  undergoes  slow  and  gradual  cooling  during  many  hours,  the  object,  of 
which  is  to  obviate  Uie  excessive  britticuoss  always  c\hil.iit.ed  by  glass  which 
has  been  quickly  cooled.  The  hi  rge  circular  /» ','■.:>  of  crown  glass  are  made  by 
a  very  curious  process  of  this  kind ;  the  globular  flask  :l(.  first  produced, 
transferred  from  the  blowpipe  to  the  pontil,  is  siub.lcidy  made  to  assume 
the  form  of  a  flat  disc  by  the  centrifugal  force  of  the  rapid  rotatory  move- 
ment given  to  the  rod.  Plata  gloss  is  oaat  upon  a.  Sal  moia.l  table,  and,  after 
very  careful  aim ea ling,  ground  true  and  palished  l>y  suitable  machinery. 
Tubes  are  made  by  rapidly  drawing:  out.  a  hollow  cylinder ;  and  from  these 
a  groat  variety  oT  useful  smsill  jipmtratus  may  he  const  riieted  with  the  help 
of  a  lamp  and  blowpipe,  or,  still  better,  the  bellows-table  of  the  baromcler- 
maker.  Small  tubes  may  be  bent  in  the  flame  of  a  spirit-lamp  or  gas  jet, 
and  cut  with  great  ease  by  a  file,  a  scratch  lining  nnnle,  anil  the  two  por- 
tions pulled  or  broken  asunder  in  a  way  easily  learned  by  a  few  trials. 

Specimens  of  the  two  chief  Yarieti.es  of  glass  gave  (he  following  results 
on  analysis : 


iian  plate  glasn  (ex. 


lataf 


ian  tube,  so  valuable  in  organic  analysis, 


Silica 72-80 

Lime,  with  trace  of  alumina         .          .          .  9'6*8 

Magnesia '40 

Potassium  oxide lfi-80 

Traces  of  manganese,  &(s.,  and  loss          .          .  S'2 

Different   colors    are   often   communicated    to    glass   by  metallic   oxides. 

Thus,  oxide  of  coba.ll.  gives  deep  bine;  oxide  of  manganese,  amethyst; 
cuprous  oxide,  ruby- red  ;  ouprio  oxide,  green  :  (he  oxides  of  iron,  dull  green 
or  brown,  &c.  These  are  either  added  to  the  melted  contents  of  the  glass- 
pot,  in  which  they  dissolve,  or  apt  lied  in  a  parlicula.r  manner  10  the  surface 
of  the  plate  or  other  object",  which  is  then  reheated,  until  fusion  of  the 
coloring  matter  occurs  :   such  is  the  prstctico  of  ensimelling  and  glass-paint- 
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ing.      An  opaque  white  appearance   is  given   by  oxide  of  tin;  the  enamel 
iif  ivnt  eh -faces,  is  tlms  prepared. 

When  silica  is  melted  with  twice  ils  weighl  of  potassium  or  sodium  car- 
bonate, and  the  proline  I  I  routed  with  wut.tr,  f  ho  greater  j.iirt  dissolvea,  yield- 
ing a  solution  from  which  acid*  pvo.eipiia.l.o  gela.i  bums  silica.  This  is  the 
soluble  glass  of  Professor  Fuclis  :  its  solution  lias  been  used  for  rendering 
muslin  and  other  fahvies.  of  cotton  or  linen  less  combustible,  for  malting 
artificial  stone,  and  preserving  natural  si  cue  from  decay,  and  for  a  peculiar 
style  of  mural  palming  called  I'lmrfreny." 

Porcelain  and  .Earthenware..  ■—  The  plasticity  of  tmiiirol  clays,  and  their 
hardening  when  exposed  lo  heat,  are  properties  which  suggested  in  very 
early  times  their  application  to  the  making  of  vessels  for  the  various  pur- 
poses of  daily  life:  there  are  few  branches  of  industry  of  higher  antiquity 
than  that  exercised  by  the  potter. 

True  porcelain  is  dl-thiey.iislie.i  from  earthenware  by  very  obvious  char- 
acters. In  porcelain  the  boihi  of  the  wiire  is  very  compact  and  translucent, 
arid  breaks  with  a  ootiohoi.  |;1]  fracture,  symptomatic  of  a  commencement  of 
fusion.  The  plait,  too,  applied  foe  giving  a  perfectly  smooth  surface,  is 
closely  a.dhoroiil,  and,  in  f'nef,  grad  nales  by  in  son  sill  lo  decrees  into  the  sub- 
stance of  the  body.  In  earthenware,  on  the  contrary,  the  fracture  is  open 
and  earthy,  and  the  gla/o  detachable  uilh  ^renter  or  less  facility.  The 
compact  and  partly  glassy  character  of  poreehuu  is  iiit  result  of  the  admix- 
ture with  the  clay  of  a  small  portion  of  some  subsiaiico  which  is  fusible  at 
the.  temperature  to  which  the  ware  is  exposed  when  baked  or  fired,  ami 
iicing  absorbed  )iy  ilie  more  infusible  portion,  binds  the  wlo.de  into  a.  solid 
mass  on  cooling:  such  substances  are  found  in  felspar,  and  in  a  small 
admixture  of  calcic  or  alkaline  silicate.  The  clay  employed  in  porcelain- 
maliing  is  always  directly  derived  from  decomposed  felspar,  none  of  the 
clays  of  the  secondary  si  rain  being  pure  enough  for  the  purpose:  it  must 
be  whim,  and  free  from  iron  oxide.  To  diminish  tbo  contra.:!  ion  which  this 
subslance  n interlines  in  lite  five,  a.  quantity  of  finely  divided  M'.iea.  can  fully 
prepared  by  crushing  ami  grinding  calcined  flinls  or  chert,  is  added, 
together  with  a  proper  proportion  of  i'obpav  or  other  fusible  material,  also 
reduced  to  impalpable  powder.  The  utmost  pains  are  taken  to  effect  per- 
fect uniformity  of  mixture,  and  to  avoid  (he  introduction  of  particles  of 
grit,  or  Other  foreign  bodies.  The  ware  itself  is  fashioned  cither  on  the 
potter's  wheel. —  a  kind  of  vertical  lathe  —  or  in  moulds  of  plaster  of  Paris, 
and  dried  first  in  the  air,  afierwnrds  by  artificial  heat,  and  at  length  com- 
pletely hardened  by  exposure  to  the  temperature  of  ignition.  The  porous 
biscuit  is  now  fit  to  receive  ils  gla./e,  which  may  be  either  ground  felspar,  or 
a  mixture  of  gypsum,  silica,  and  a  Utile  porcelain  clay,  diffused  through 
water.  The  piece  is  dipped  for  a  incident  into  Hits  mi \t nre.  and  withdrawn  ; 
the  water  sinks  into  its  suhsianco.  anil  the  pawner  remains  evenly  spread 
upon  its  surface ;  i(  is  once  more  dried,  and,  lastly,  lived  at  an  exceedingly 
high  temperature. 

The  porcelain -furnace  is  a.  circular  structure  of  masonry,  having  several 
fireplaces,  and  surmounted  by  a  lofty  dome.  Dry  wood  or  coal  is  con- 
sumed as  fuel,  ami  its  flume  directed  inln  the.  interior,  and  made  to  circu- 
late around  and  among  the  earthen  eases,  or  .in/i/ars,  in  which  the  article! 
to  be  fired  are  packed.  Many  hours  a  re  required  for  Hi  is  operation,  which 
must  be  very  carefully  managed.  After  the  lapse  of  several  days,  when 
the  furnace  has  completely  cooled,  the  contents  ave  removed  in  a  finished 
state,  so  far  as  regards  the  ware. 

The  ornamental    part,  cotisi-iing  of  sibling  ami  painting  in  enamel,  has 
yet  to  he  executed  :   after  which  I  lie  pieces  are  again  fteaied,  in  order  to  flux 
the  Colors.      The  operation  lias  sometimes  to  he  repealed  more  than  once. 
•  Bee  Richardson  mid  Wucts";,  tjaemical  'fVhimlnsy,  vol.  i.  purt  iV.  pp.  fi9-IM. 
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Tho  manufacture  of  porcelain  in  Europe  is  of  modern  origin  :  the  Chi- 
nese have  possessed  tho  art  from  the  commencement  ol1  Iho  seventh  century, 
and  their  ware  in,  in  some  respects,  altogether  unequalled.  The  materials 
employ  ell  by  Uiem  are  known  to  be  iinilni.  or  decomposed  felspar  ;  petunlzc, 
or  quartz  reduced  to  fine  powder ;  and  the  ashes  of  fern,  which  contain 
potassium  carbonate. 

Stoneware.  ■ — This  is  a  course  kind  or  porcelain,  made  from  clay  contain- 
ing oxide  of  iron  and  a  little  Hmo,-  to  which  it  owes  its  partial  fusibility. 
The  glazing  is  performed  by  throw  i:i<;  common  sail  into  the  heated  furnace: 
this  is  volatilized,  and  decomposed  by  the  joint  agency  of  the  silica  of  the 
ware  and  of  the  vapor  i;f  water  alwa>  ?  present ;  hydrochloric  acid  and  soda 
are  produced,  the  laiter  forming  a  silicate,  which  fuses  over  the  surface  of 
the  ware,  and  gives  a  ikin.  Smt  excellent  glaze. 

Earthenware.  —  The  lines!  kind  of  earthenware  is  nir.de  from  a  white  sec- 
ondary clay,  mixed  with  :i  considerable  quantity  of  silica.  Tho  articles  arc 
thoroughly  dried  and  fired;  after  which  they  are  dipped  into  a  readily 
fusible  glaze  mixture,  of  which  lead  oxide  is  usually  an  important  ingre- 
dient, and,  when  dry,  re-heated  to  the  point  of  fusion  of  the  latter.  The 
whole  process  is  much  easier  of  execution  rlmti  tho  tea  king  of  porcelain, 
and  demands  less  euro.  The  oruatncuial  designs  in  blue  and  other  colors, 
so  common  upon  plates  and  household  article-,  are  printed  upon  paper  in 
enamel  pigment  mixed  with  oil,  and  transferred,  while  still  wet,  to  the 
unglniod  ware.  "When  the  ink  becomes  dry,  the  paper  is  washed  off,  and 
the  glazing  completed. 

Tho  coarser  kinds  of  earthenware  are  sometimes  covered  with  a  whitish 
opaque  glaze,  which  contains  t.lie  oxides  ol'  Scad  and  tin  ;  such  glaze  is  very 
liablo  to  be  attacked  liy  acids,  and  is  dangerous  f<:r  culinary  vessels. 

Crucibles,  when  of  good  quality,  are  vorv  valuable  in  the  practical 
chemist.  They  are  made  of  clay  free  from  lime,  mised  with  sand  or 
ground  ware  of  the  same  description.  The  Hessian  and  Cornish  crucibles 
are  among  tho  best.  Sometimes  a  mixture  of  plumbago  and  clay  is  em- 
ployed fiir  the  same  purpose;  ami  powdered  coke  has  been  also  used  with 
the  earth:  such  crucibles  bear  rapid  changes  of  tent]:  era;  uve  with  impunity. 
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Atomic  weight,  ii.      Symbol,  M<i. 

This  metal  was  formerly  classed  with  the  tnei  als  of  the  alkaline  earths, 
hut  it  is  much  more  nearly  related  to  zinc  by  its  properties  in  the  free 
state,  as  well  as  by  the  volatility  of  its  chloride,  the  solubility  of  its  sul- 
phate, and  the  isomorphism  of  several  of  its  compounds  with  the  analo- 
gously constituted  compounds  of  zinc. 

Magnesium  occurs  in  the  mineral  !;  it:  pi  I  em  as  hydrate,  carbonate,  borate, 
phosphate,  sulphate,  and  nitrate,  sometimes  in  the  solid  state,  sometimes 
dissolved  in  mineral  waters  :  magnesian  limestone,  or  dolomite,  which  forms 
entire  mountain  masses,  i"  a  carbonate  of  magnesium  and 'calcium.  Magne- 
sium also  occurs  as  silicate,  combined  with  oilier  silicates,  in  a  variety  of 
minerals,  as  steatite,  hornblende,  oo.jii'.e,  la'.e,  ko.  :  also  as  aluminate  in 
spinelle  and  zeilanite.  It  likewise  occurs  in  the  bodies  of  plants  and  ani- 
mals, chiefly  as  carbonate  and  phosphate,  and  in  combination  with  organic 
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lure  of  I  molecules  of  magnesium  chloride  and  '-'i  molecules  of  potassium 
chloride  with  a  siilu.1i  quantity  of  sul-aiumnuiae.  A  convenient  way  of 
effecting  the  reduction  i»  to  fuse  the  mixture  in  a  cummin  clay  tobacco-pipe 

over  an  Argand  spirit-] p  or  gas  burner,  I  lie  negative  pole  being  an  iron 

wire  passed  up  the  pipe-stem,  and  the  positive  pole  a  piece  of  gas-coke, 
just,  touching  the  surl'iico  of  lite  fused  chlorides.  Oil  passing  the  current 
of  a  battery  of  ten  liu:  sou:s  eel  Is  through  i  lie  arrangement,  the  magnesium 
collects  round  the  e.  \  1. 1:  entity  of  the  iron  wire  (MaUhiessen). 

2.  Magnesium  may  he  prepared  in  much  larger  quantity  by  reducing 
magnesium  chloride,  or  Lite  double  chloride  of  magnesium  and  sodium  Or 
potassium,  with  metallic  sodium.  The  double  chloride  is  prepared  by  dis- 
solving magnesium  carbonate  in  hydrochloric  aeid.  adding  on  equivalent 
quantity  of  sodium  or  potassium  chloride,  evaporating  to  dryness,  and 
fusing  the  residue.  This  product,  heated  with  sodium  in  a  wrong] it-iron 
crucible,  yields  metallic  magnesium,  eonlainiiii;  certain  impurities,  from 
which  li.  iimy  be  freed  by  distillation.  This  process  is  now  carried  out.  on 
the  manufacturing  scale,  and  the  magnesium  is  drawn  out  into  wire  or 
formed  into  riband  for  burning.* 

Magnesium  is  a  brilliant  metal,  almost  as  white  as  silver,  somewhat  more 
brittle  at  common  temperatures,  hut  malleable  at  a  heat  a  little  below  red- 
ness. Its  specific  gravity  Is  1-74.  It  melts  tit  a  red  heat,  and  volatilizes  at 
nearly  the  same  temperature  as  /inc.  Jt.  retains  its  lustre  in  dry  air,  but  in 
moist  air  it  becomes  covered  with  a  crust  of  magnesia. 

Magnesium  in  the  form  of  wire  or  riband  takes  lire  ;u  a  red  heat,  burning 
with  a  dazzling  bluish-white  light.  The  Hame  of  a  candle  or  spirit-lamp 
is  sufficient  to  inflame  it,  but  to  insure  continuous  combustion  the  metal 
must  be  kept  in  contact  with  the  tlume.  Tor  this  purpose  lamps  are  Con- 
structed, provided  with  a  mechanism  which  continually  pushes  three  or 
more  magnesium  wires  into  a  small  spirit-flame. 

The  magnesium  tin  me  produces  a  continuous  spec!  rum,  containing  a  very 
large  proportion  of  the  more  refrangible  rays:  hence,  it  is  well  adapted  for 
photography,  and  has,  indeed,  been  used  I'm-  ts.king  photographs,  in  the 
absence  of  the  sun.  or  in  plitces  where  sunlight  cannot  penetrate,  as  in 
Caves  or  subterranean  apartments. 

Magheswm  Chlokiok,  i\TgCl.,. — "When  magnesia,  or  its  carbonate,  is 
dissolved  in  hydrochloric  aeid.  magnesium  chloride  and  Later  are  produced; 
but  when  this  solution  is  evaporated  to  dryness,  tiie  lust  portions  of  water 
are  retained  will)  such  obstinacy,  iknt.  decompii-itiou  of  (he  water  is  brought 
about  by  the  cone  undue;  ati  ruction-  of  magnesium  for  oxygen,  and  of  chlor- 
ine for  hydrogen;  hydrochloric  acid  is  expelled,  and  magnesia  remains. 
If,  howevor,  sal-ammoniac,  potassium  c  hi  undo,  nr  sodium  chloride  is  present, 
a  double  salt,  is  produced,  which  is  easily  rendered  anhydrous.  The  best 
mode  of  preparing  the  chloride  is  to  divide  a  quantity  of  hydrochloric  acid 
into  two  equal  portions,  lo  neutralize  one  with  magnesia,  and  the  other 
with  ammonia,  or  carbon  tile  of  auiiunnia:  to  mix  these,  solutions,  evaporate 
them  to  dryness,  and  then  expose  the  salt  to  u  red  heat  in  a  loosely  covered 
porcelain  crucible.  Siil-aisimoiiiiHj  sublimes,  and  magnesium  chloride  in  a 
fused  state  remains;  the  latter  is  poured  out  upon  a  clean  stone,  and  when 
cold  transferred  to  a  well  slopped  bottle. 

The  chloride  so  obtained  is  white  and  crystalline.  II  is  very  deliquescent 
and  highly  soluble  in  water,  from  which  it  cannot  again  be  recovered  by 
evaporation,  for  tin;  reasons  just  mentioned.  When  long  exposed  to  the 
air  in  a  melted  state,  it.  is  converted  into  magnesia.  It  is  soluble  in 
alcohol. 
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MAGNESIUM  Oxiite,  or  Marmksia,  Mj*0.  — Thin  oxide  is  easily  prepared 
by  exposing  the  mitr/nnki  olh<t  of  pharmacy,  which  is  a  hydro-carbonate,  to 
a  full  red  heat  in  an  earthen  or  platinum  crucible.      It  forms  a  soft,  white 

powder,  which  slowly  iiltracis  "-I  are  and  tM-j'ljtjTue  acid  from  the  air,  and 

unites  quietly  with  water  fi>  n  hydrate  which  possesses  a  feeble  degree  of 
solubility,  requiring  ah.-uu  -"■  0 i.'K I  i >;■  iJ ~  of  wnier  ut  io.'fi  ami  30,000  parts  ai, 
100°.  The  alkalinity  of  magnesia,  can  only  bo  observe  1  by  placing  a  small 
portion  in  a  moistened  stale  upon  lesi-pa] >■;■!■ :  ii  ueui  I'uUzes  acids,  however, 
in  the  most  complete  manner.      It  is  infusible. 

Magnesium  sulphide  is  farmed  by  p-n.-is!:)^  vapor  of  carbon  sulphide  over 
r.iaaiiesia.  in  capsules  of  coke,  a'  u  si  roug  red  heat. 

Magnesium  8uj.pji.vtk. ;  Epsom  Salt;  jiO^Mg.  70HS.  —  This  salt  occurs 
in  sea-water,  and  in  that  of  ninny  mineral  springs,  and  is  now  manufac- 
tured in  large  quani  Mies  by  sic:  in;;  en  mniitiosiaii  limestone  with  dilute  stil- 
phurio  acid,  and  separating  the  magnesium  sit'phate  fro  in  the  greater  part 
of  the  slightly  soluble  calcium  sulphate  by  iitt.rn.lion.  The  crystals  are  de- 
rived from  a  right  rhombic  prism  ;  they  are  soluble  hi  an  equal  weight  of 
water  at  16-5°,  and  in  a  still  smaller  quantity  at  100°.  The  salt  has  a 
nauseous  bitter  taste,  and.  like  many  other  neutral  salts,  possesses  pur- 
gative properties.  When  it.  is  exposed  to  heat,  f>  molecules  of  water 
readily  pass  oil',  the  scouiih  being  c.!-.cy.o..t.icaT.Y  retained.  Magnesium  sul- 
phate forma  beautiful  double  Salts  villi  the  sulphates  of  potassium  and 
ammonium,  which  contain  <>  molecules  of'  crvstalli in t inn- water,  their  for- 
muliB  being  (SOJ.'Ms"^.  COII,.  and  (St»1},.Mg"(_MI4)J .  COM,.  These  salts 
are  isoniorphous,  and  tone  nif.moolinic  crystals. 

Magnesium  C  a  Kim  sate.  —  The  n-:ufral  ctirhomiir,  Cl  l3Mg  or  COj.MgO,  oc- 
curs native  in  rliouibohodral  crystals,  resembling  those  of  cale-spar,  im- 
bedded in  talc  slate :  a  soft  earthy  variety  i.s  sometimes  met  with. 

When  magnesia  alba  is  dissolved  in  aqueous  carbonic  acid,  and  the  solu- 
tion left  to  evaporate  spontaneously,  small  prismatic  crystals  are  deposited, 
consislin..;  of  trihyd  rated  magnesium  ca  r'oouule.  t.'i.),Mg.  303,. 

The  magnesia  alba  itself,  although  often  cailed  carbonate  of  magnesium, 
is  not  so  in  reality;  it  is  a  compound  of  carbonate  with  hydrate.  It  is 
prepared  by  mining  hot  solutions  of  potassium  or  sodium  carbonate  and 
magnesium  sulphate,  the  latter  being  kept  in  slight  excess,  boiling  the 
whole  a  few  minutes,  during  w  hi  eh  i  ime  much  carbonic  acid  is  disengaged, 
and  '.veil  washing  the  precipitate  so  produced.  If  the  solution  tie  very 
dilute,  the  magnesia,  alba  is  exceedingly  lii;ht  anil  bulky  ;  if  otherwise,  it  is 
denser.  The  composition  of  this  precipitate  is  not  perfectly  constant.  In 
most  cases  it  contains  ■((  U,MS.  Ugll.,0., ,  bOIlr 

Magnesia,  alba  is  slight  !y  soiablo  in  water,  especially  when  cold. 

Magnesium  Phosphatii,  I'0,Mg"IT  .  70II„.  — This  salt  separates  in  small 
colorless  prismatic  crystals  wljen  solutions  of  sodium  phosphate  and  mag- 
nesium sulphate  arc  o:i\i:-d  and  suffered  in  stand  fur  some  time.  According 
to  Graham,  it  is  soluble  in  about  100(1  parts  of  cold  water.  Magnesium 
phosphate  exists  in  the  grain  of  the  cereals,  and  can  be  detected  in  con- 
siderable quantity  in  beer. 

Magnesium  ash  Ajijuinii'm  Phosphate,  I'O.Mg'-'fN  11,,) .  60 II,. —  When 
ammonia  or  its  carbonate  is  mixed  with  n  magnesium  salt,  and  a  soluble 
phosphate  is  added,  a  crystalline  precipitate  lui.ving  the  above  composition, 
subsides,  immediately  it  Iho  sulutions  are  concentrated,  and  after  some 
time  if  very  dilute :  in  the  latter  case,  the  pi'oCipUiilion  is  promoted  by 
stirring.      This  salt  is  slightly  soluble  in  pure  w liter,  but  nearly  insoluble 
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i!  and  ammo niac al    liquids.      When  heated,  ii  gives  off  water  and 

nd  is  converted  into  <ar/;;<;a  ■'■:":■/  i-':r-jj*/::,\;,h:'-':'.  l'.,0,Mg3 : 

2PO,Mg(NH4)  =  P,0TMg,  +  OHa    -f    2NHS. 

At  a  strung  red-heat  :t.  fuses  to  a  white  en  ate.  old  ike  nuiss.      Magnesium  and 

ammonium  phosphate  sometimes  form   a    urinary  calculus,  aud   occur   also 

in  guano. 

In  practical  analysis,  magnesium  is  often  separated  from  solutions  by 
bringing  it  into  this  state.  The  liquid,  Tree  from  alumina,  time,  &c,  is 
mixed  with  sodium  phosphate  and  excess  of  ammonia,  and  gently  bealed 
for  a  short  time.  The  prccipilale  is  collected  upon  a  filter  and  thoroughly 
washed  with  water  containing  a  lil  I  le  ammonia,  afior  which  it  is  dried,  ig- 
nited to  redness,  and  weighed.  The  proportion  of  magnesia  is  then  easily 
calculated. 

Magnesium  Sit.  i  oaths.  —  The  follow i up;  unfit  ral  c 'impounds  belong  to  this 
class:  Chrysolite,  SiO^Mg,  -:  fciiU^MgO,  a  crystallized  mineral,  sometimes 
employed  for  ornamental  purposes:  a  portion  of  the  m agnosia  is  commonly 
replaced  by  ferrous  oxide,  which  ooiiiiiiiiuioaies  a  green  color.  Meerschaum. 
^SiOjMg.SiO,  =  o\-nO.,.^lgO.  a  soit,  senile  mineral,  from  which  pipe-bowls 
are  made.  Talc,  -lSiOjMsj.SiO, .  j  m\.  (called  staidly  when  massive),  is  a  toft, 
white  seelile,  transparent  or  translucent  mineral,  used  as  fire-stones  for 
furnaces  and  stoves,  ami  in  thin  piafes  for  glazing  lanterns,  &c. ;  also  in 
the  state  of  powder  fur  diminishing  friction.  iiu,ij,.<iom,  also  called  steatite, 
is  a  silicate  id'  magnesium  and  aluminium  of  somewhat  vitrialile  cuniposlt.io!). 
,i:'rp,'/iin:i:  is  a  com  ;ii  nation  of  silicat  e  ii.ru  I  Initiate  of  magnesium.  J  tide.,  an 
exceedingly  hard  stone,  brought,  from  Ni.™  ZcLilaud,  is  a  silicate  of  magne- 
sium and  aluminium  :  its  green  color  is  due  to  chromium.  Aityile  and  horn- 
blende are  essentially  double  salts  of  silicic  acid,  magnesia,  and  lime,  in 
which  the  magnesia  is  more  or  less  replace'.!  by  i:s  isoutorphous  substitute, 
ferrous  oxide. 

Magnesium  salts  are  isntnorphous  with  zinc  salts,  ferrous  salts,  cupric 
salts,  cobalt  salts,  and  nickel  salts,  So.  ;  tliey  are  usually  colorless,  and  are 
easily  recognized  by  I  he  following  characters  :  ■  — A  gelatinous  white  preci- 
pitate with  caustic  iil'rdliM,  including  nimnonii-i,  insoluble  in  excess,  but 
soluble  in  solution  of  sn  l-ammonine.  A  white  precipitate  with  potassium 
and  sodium  car/nwtdc-'-,  but  none  will.  ammonium  eurbmm.t.e  in  tie  cold.  A 
white  crystalline  precipitate  with  .soluble  j-knajiLuU.',  on  the  addition  of  a 
little  a 


use. 

Aiomie  weight,  ';;").  Kyi:. '.ad,  Zti. 
Zinc  is  a  somewhat  abundant  mcinl:  it  is  found  in  the  state  of  carbonate, 
silicate,  and  snlohido,  associated  with  lead  tires  in  many  districts,  both  in 
Britain  and  on  the  Continent  :  large  supplies  arc  obtain  oil  from  Silesia,  and 
from  the  neighborhood  of  Aachen.  The  nat  ive  carbon  ale,  or  calamine,  is 
the  most  valuable  of  tlie  zinc  ores,  ami  is  preferred  for  the  extraction  of 
the  metal:  it  is  first  roasted  lo  exnei  water  ami  carbonic  acid,  then  mixed 
with  fragments  of  colic  or  charcoal,  aiul  distilled  a.t  a  full  red  heat  in  a 
large  earthen  retort :  carbon  monoxide  (scapes,  while  the  reduced  metal 
volatilizes  and  is  condensed  by  suitable  means,  generally  with  minute  quan- 
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Zinc  is  a  bluish- white  metal,  which  slowly  tarnishes  in  ihe  air;  it  has  a 
lamellar,  crystalline  .structure,  a  density  viLj-yiiifr  from  (v8  to  7-2,  and  is, 
under  ordinary  circumstances,  Ijrittlu.  Between  Hil:  and  ISO"  C.  (i!480— 
800"  P.)  it  is,  on  tin'  contrary,  malleable,  ; 1. 1 l ■  L  may  be  tolled  or  hammered 
witiiout  danger  of  fracture;  and,  what  is  very  remarkable,  after  such 
treatment,  it  returns  its  malleability  when  cold  :  t.bc  sheet-zinc  of  commerce 
ia  thus  made.  At  21 0°  (.!.  j-IHP  F.)  it  in  so  brittle  that  it  may  be  reduced 
to  powder.  At  41 '2°  C.  (77:5"  I'. J  il  melts:  at  a  bright  red  heat  it  boils 
and  volatilizes,  and,  if  air  be  admitted,  burns  with  a  splendid  greenish 
light,  generating  the  oxide.  Dilute  acids  dissolve  sine  very  readily:  it  is 
ei' rut  finely  employed  iu  this  iiimiijii.iv  for  preparing  hydrogen  gas. 

Zinc  is  a  dyad  metal,  forming  only  one  class  of  compounds. 

Zing  CklOktiik,  ZnCl.,,  miiy  be  prepared  by  hearing  metallic  lino  in 
chlorine:  by  distilling  a  mixture  of  zinc  filings  and  corrosive  sublimate; 
or,  more  easily,  by  dissolving  zinc  in  hydrochloric  acid.  It  is  a  nearly 
white,  translucent,  fusible  substance,  very  soluble  in  water  and  alcohol, 
and  very  deliquescent  A  strong  sulution  of  zinc  chloride  is  sometimes 
used  as  a  bath  for  obtaining  a  ^l-n.in M.t i- ..1  boat  above  100".  Zinc  chloride 
unites  with  sal-a.m  maniac  and  potassium  chloride  to  double  salts:  the 
former  of  these,  made  by  dissolving  zinc  in  hydrochloric  acid,  and  then 
adding  an  equivalent  quantity  of  sal-ammoniac,  is  very  useful  in  tinning 
and  soft- soldering  copper  and  iron. 

ZlBC  OxTDE,  ZllO,  is  il  .strong  base.  fai'ming  sa'ts  is  amorphous  with  the 
magnesium  salts.  It.  is  prepared  either  by  burning  line  in  atmospheric 
air,  or  by  heating  the  carbonate  to  redness.  Zinc  oxide  is  a  white,  taste- 
less powder,  insoluble  in  water,  but.  freely  dissolved  by  acids.  When  heated 
it  is  yellow,  but  turns  while  again  on  cooling.  It  is  getting  into  use  as  a 
substitute  for  white  lead.  To  prepare  zinc-while  on  a-  large  scale,  metallic 
zinc  is  volatilized  in  large  earthen  mitine.s,  whence  the  /.inc  vapor  passes 
into  a  small  receiver  (y.wi-to),  where  it  comes  in  contact  with  a  current  of 
air  and  is  oxidized.  The  zinc  oxide  (litis  formed  passes  immediately  into 
a  condensing  chamber  divided  into  several  compartments  by  cloths  sus- 
pended within  it. 

ZiBCt  Sblphat.f,  Sn.7n  .  701 1...  commonly  called  K-hiii-.  vitriol, — This  salt 
is  hardly  to  he  distinguished  by  the  eye  from  magnesium  sulphate:  it  is 
prepared  either  by  dissolving  the  metal  in  dilni.e  sul|iiiuric  acid,  or,  moro 
economically,  by  roasting  Hie  native  sulphide,  or  bix/i'k,  which,  by  absorp- 
tion of  oxygen,  becomes  in  great  [jar I  cmivcrletl  into  .sulphate.  The  altered 
mineral  is  thrown  hot  ioi  o  water,  and  the  salt  obtained  by  evaporating  the 
clear  solution.  Zinc  sulphate  has  an  a-triugem  inet;i.!iie  taste,  and  is  used 
in  medicine  as  an  emetic.  The  crystals  dissolve  iu  2!,  parts  of  cold,  and  in 
a  much  smaller  quantity  of  hot.  water.  Crystals  continuing  (j  molecules  of 
water  have  been  observed.  Zinc  sulphate  forms  double  salts  with  the  sul- 
phates of  potassium  and  ammonium,  namely.  (i-iO^ZuK^.  u'0IIs,  and  fS0,)2 
Zn(NHj)a.  6011^,  isomorphous  with  the  corresponding  magnesium  salts. 

Zinc  Carbonate,  OO^Zn.  is  found  nai  ive  ;  the  white  iireeipitat.e  obtained 
by  mixing  solutions  of  zinc  and  ol"  ill  kill  inc  carbonates,  is  a  combination  of 
carbonate  and  hydrate.      When  heated  to  re:  in  ess,  it  yields  pure  zinc  oxide. 

Zinc  SulPHHiu,  ZuS,  occurs  native  as  J.'.-k,/.-.  in  regular  tetrahedrons, 
dodecahedrons,  and  other  tnouomclric  forms,  and  of  various  colors,  from 
white  or  yellow  to  brown  or  black,  according  lo  its  dcuree  of  purity:  it,  is 
a  valuable  ore  of  line.  A  variety  colled  Hack  jack  occurs  somewhat  abun- 
dantly in  Derbyshire,  Cumber: and,  ami  Cornwall.    A  hydrated  sulphide,  ZnS. 
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on  adding  an  alkaline  'sulphide  t 


Zinc  suits  are  distinguished  by  the  following  eharaelevs  :  —  Caustic  potash 
and  sorfa  give  a  white  precipitate  of  hydrate,  freely  soluble  in  excess  of 
alkali.  Ammonal.  behaves  in  11";  same  manner;  an  e\cess  redissolvcs  the 
precipitate  instantly.  l'ut<iK$i'<ti<  and  KJuVrim  iYjra./.arr.*  give  white  precipi- 
tates, insoluble  in  excess.  A-mmo/iinui  e-ariioiiats  gives  also  ji  ivhite  precipi- 
tate, which  is  redissuived  by  an  excess.  J-'otiuvi-n  m  frrron/anidc  gives  a  white 
precipitate.  Ihidn.ijin  vdpkhk  causes  no  change  in  stinc  solutions  containing 
free  mineral  acids:  but  in  neutral  solutions,  or  with  line  salts  of  organic 
acids,  such  as  the  actuate,  a  white  precipitate  is  formed.  A-aaamwaa  sul- 
phide throws  down  while  sulphide  of  '/inc.  insoluble  in  caustic  alkalies. 
The  formation  of  this  precipitate  in  a.  si:  1  m  ion  containing  excess  of  caustic 
alkali,  serves  to  distinguish  zinc  from  all  other  metals. 

All  zinc  compounds,  boMietl  on  charcoa.l  uilb  sodium  carbonate  in  the 
inner  blowpipe  Ihiiue,  give  an  incrustation  of  line  oxide,  which  is  yellow 
while  hot,  but-  becomes  «  hire  in  cooling  If  this  inenisiation  be  moistened 
with  a  dilute  solution  of  cobalt  nitrate,  and  strongly  heated  in  the  outer 
flame,  a  tine  green  color  is  produced. 


The  applications  of  metallic  stints  to  the  purposes  of  roofing,  the  con- 
struction of  water-channels,  &c.  are  well,  known  ;  it.  is  sufficiently  durable, 
but  inferior  in  Ibis  respect  to  copper,  ll  is  much  used  also  for  protecting 
iron  and  copper  from  oxidation  when  immersed  in  saline  solutions,  such  as 
sea-water,  or  exposed  to  damp  nit'.  This  it  dues  by  forming  an  electric 
circuit,  in  which  it.  a.cts  as  the  positive  or  more  oxidable  metal  (p.  248). 
Galvanised  iron,  consists  of  iron  having  "lis  surface  coaled  with  zinc. 


CADMIUM. 
Atomic  weight,  112.     Symbol,  Cd. 

This  metal  was  discovered  in  1817  by  Stroiueyer,  and  by  Hermann :  it 
accompanies  the  ores  of  zinc,  especially  those  occurring  in  Silesia,  and, 
being  more  volatile  than  that  substance,  rises  first  in  vapor  when  the  cala- 
mine is  subjected  to  distillation  with  charcoal.  Cadmium  resembles  tin  in 
color,  but  is  somewhat  harder:  it,  is  \i:vy  malleable,  ha.s  a  density  of  8-7, 
melts  below  H60Q  C.  (500°  F.),  and  is  nearly  as  volatile  as  mercury.  It 
tarnishes  bnt  little  in  the  air,  bul,  when  sirongly  heated,  burns.  Dilute 
sulphuric  and  hydrochloric  acids  act  but  little  ou  this  metal  in  the  eold  j 
nitric  acid  is  its  best  solvent. 

The  observed  vapor-density  of.  cadmium  is  8-'J4  compared  with  air  as 
unity,  or  SOo  compared  with  hydrogen,  which  laller  number  does  not  differ 
greatly  from  the  half  of  Hi!,  the  atomic  weight,  of  the  metal:  hence  it.  ap- 
pears that  the  atom  of  cadmium  in  lite  slat.e  of  vapor  occupies  twice  the 
space  of  an  atom  of  hydrogen  ('see  p.  229). 

Cadmium,  iikc  zinc,  is  dyadic,  and  forms  but  one  series  of  compounds.  ■ 

Cadmium  Oxide,  CdO.  ■ — This  oxide  may  be  prepared  by  igniting  either 
the  carbonate  or  the  nitrate:  in  the  former  case  it  has  a  pale-brown  color, 
and  in  ths  latter  a  much  darker  tint,  and  forms  oot.obcdral  microscopic 
crystals.     Cadmium  oxide  is  infusible:  it  dissolves  in  acids,  produc 
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Cadmium  Sulphatk,  SO,t:d  .  1011,.  is  easily  obtained  by  dissolving  the 
oxide  or  earbonale  in  dilute  sulphuric  acid  ;   it  is  very  soluble  in  water,  and 

I'.. I'm-  d.mbie  salts  v.  iili  tin-  sulphates  of  pota.ssium   iin:i   [iiiirtsiijjium,  which 
contain  respectively  (SO/i.CdK., .  liOll.,  and  i«n4]J.:,l(MHt) .  60H,. 


Cadmium  Sulphide  is  a  very  characteristic  compound,  of  a.  bright-yellow 
color,  forming  microscopic  crystals,  fusible  at,  a  high  temperature.  It  is 
obtained  by  passing  sulphm-eiled  ljyili-uti;t'it  gas  through  a  solution  of  the 
sulphate,  nitrate,  or  chloride.  This  compound  is  used  as  a  yellow  coloring 
matter,  of  great  beauty  and  permanence.      It  occurs  native  as  greenockite. 

The  salts  of  cadmium  are  thus  distinguished  :  —  Fixed  caustic  alkaliei 
givo  a  white  precipitate  of  hydrated  oside,  insoluble  in  excess.  Am- 
monia gives  a  similar  white  precipitate,  readily  soluble  ill  excess.  The 
fixed  alkaline  carton  ale.*,  and  ammonia  carbonate,  throw  down  white  cadmium 
carbonate,  insoluble  in  csce^s  o(  either  precipitant,  Ifi/ilrogm  sulphide  and 
■it  sulphide  precipitate  On:  yellow  sulphide  of  cadmium. 


COPPER. 

Atomic  weighs,  tlii'S.      Symbol,  Cu  (Cuprum). 

Copper  is  a  metal  of  great  value  in  the  arts :  it  sometimes  occurs  in  the 
metallic  state,  crystal li/cil  in  nclohcdrons,  or  more  frequently  in  dodeca- 
hedrons, but  is  more  abundant  in  tiie  form  of  .vet  o\ide,  and  in  that  of 
sulphide  combined  with  sulphide  of  iron,  as  y,i!ou:  copper  ore,  or  copper 
pyrites.  Large  quantities  of  the  latter  substance  are  annually  obtained 
from  the  Cornish  mines,  ami  taken  to  South  Wales  fur  reduction,  which  is 
effected  by  a  somen  hat  com  pie  v  process.  Tim  principle  of  this  may,  how- 
ever, be  easily  made  intelligible.  The  ore  is  roasted  in  a  reverberatory 
furnace,  by  which  much  of  the,  iron  sulphide  is  converted  into  oxide,  while 
the  copper  sulphide  remains  unaltered.  The,  product  of  this  operation  is 
then  strongly  heated  vnt.ii  siliceous  sand ;  the  latter  combines  with  the  iron 
oxide  to  a  fusible  slua.  and  separates  from  the,  heavier  copper-compound. 
When  the  iron  liar,  by  a  repetition  of  these  processes,  been  got  rid  of, 
the  copper  sulphide  begins  to  decompose  in  the  (lame-furnace,  losing  its 
sulphur  and  absorbing  oxygen  :  tins  temperature  is  then  raised  sufficiently 
to  reduce  the  oxide  thus  produced,  by  the  aid  of  carbonaceous  matter. 
The  last  part  of  Hie  operation  consists  in  thrusting  into  the  melted  metal 
a  pole  of  birch-wood,  the  object  of  which  is  probacy  to  reduce  a  little  re- 
maining oxide  by  the  combustible  gases  thus  generated.  Large  quantities 
of  extremely  valuable  ore,  chiefly  carbonate  and  red  oxide,  have  lately  been 
obtained  from  South  Australia  and  Chile. 

Copper  has  a  weli-knoivn  yollon  isb  red  color,  a  specific  gravity  of  8'96, 
and  is  very  malleable  and  ductile :  it.  is  an  excellent  conductor  of  heat  and 
electricity ;  it  molts  at  a  bright  red  beat,  ami  seems  to  be  slightly  volatile 
at  a  very  high  tempera-lure  Copper  timlon/oes  no  change  in  dry  air; -ex- 
posed to  a  moist  atmosphere,  it-  becomes  covered  with  a  strongly  adherent 
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green  crust,  consist  inn  in  a  great  t':eas  .ire  of  carbonate.  Heated  to  redness 
in  the  air,  it  is  quickly  oxidized,  li«ocjmit;(f  covered  with  a  black  scale 
Dilute  sulphuric  mid  li;:  :i :  uu  ■•■■;■!■  :■;  acid-  scarcely  net  upon  copper;  boiling 
oil  of  vitriol  attacks  it,  with  evolution  of  .-iiil [.Imrnus  oxide;  nitric  acid, 
even  dilute,  dissolves  it  .rertdi-v,  with  evolution  of  nit.i-tij.feii  dioxide. 

Copper  is  a  dyad  metal,  its  most  stable  compounds.  Hits  cupric  compounds, 
containing  1  atom  of  Urn  metal  combined  with  '1  atoms  of  a  univalent, 
or  1  ilora  of  a  bivalent,  negative  radical,  e.g.,  Cu'-'t'l.,,  Cu"0,  Cu"(>'03).;, 
Cn'/R01,  &c.  Some  of  Uiesc.  however,  are  capable  of  taking  up  another 
atom  of  copper,  and  f.-.nii'aj;  ci;miioi::ids,  caiiod  tuprout  compounds,  in  whieb 

CuCl 
the  copper  is  apparently  univalent  ;    thus  eorirous  clibuido.  Cu„Cl2  =  I        i 

Cu-.  '  CuCl 

cuprous  oxide,  Cu.O  =  I        j>0.    These  compounds  are  very  unstable,  be- 

ing  easily  convert  oil  into  cupric  coinyamndh  by  the  actio:!  of  o shilling  agents. 

Copper  Chioiudes.  —  Cuprir  rllcrhh,  CuCl,,  in  most,  easily  prepared  by 
dissolving  cupric  oxide  in  iiydniehiorie  acid,  and  concentrating  the  green 
solution  thence  resulting.  It  forms  green  crystals,  CtiCl2 .  201I2,  very 
soluble  in  water  ami  in  alcohol:  it.  colors  the  llanit:  of  the  latter  green. 
When  gently  healed,  it  [tarts  Willi  its  writer  of  crystallization  and  becomes 
yellowish -brown ;  at  a  high  temperature  it  loses  half  its  chlorine  and  be- 
comes converted  into  ntpeoim  chloride..  The  latter  is  a  white  fusible  sub- 
stance, but  little  soluble  in  water,  and  prone  to  oxidation :  it  is  formed 
when  copper-filings  or  copper-leaf  are  put  into  chlorine  gas ;  also  by  pre- 
cipitating a  solution  of  cupric  chloride  or  other  cuprio  salt  with  stannous 
chloride : 

2CuCt2        +        SnCl,        =        Cu,Cl,        +        SnCl4 

chloride.  clllorldo.  chloride.  chloride. 

A  plate  of  copper  immersed  in  hydrochloric  acid  in  a  vessel  containing  air, 

becomes  covered  with  white  tetrahedrons  of  cuprous  chloride.  This  coin- 
pound  dissolves  in  hydrochloric  acid,  forming  a  colorless  solution,  which 
gradually  turns  blue  on  exposure  to  the  air. 

A   hi  thai  id  ciiprin  uri/f.'ilori,!,',  Cid'l., .  SC'iiILA,.  occurs  n  alive  as  atacamite. 

Both  the  chlorides  of  copper  form  double  sails  with  the  chlorides  of  the 
alkali-metals. 

Cuprous  Hydride,  CUjII2.  — When  a  solution  of  cupric  sulphate  is  heated 
to  about  70°,  with  kypoplic^pliorous   acid,  tins  compound  is  deposited  as  a 

Jellow  precipitate  which  soon  turns  red-brown.'  It  gives  off  hydrogen  when 
eatcd,  takes  fire  in  chlorine  gas,  and  is  converted  by  hydrochloric  acid  into 
cuprous  chloride,  with  evolution  of  a  double  qua  til  ity  of  hydrogen,  the  acid 
giving  up  its  hydrogen  as  well  as  the  copper  hydride: 

CiijH,     +     2HC1     =     Cu2Cls     +     2II2. 
This  reaction  affords  a  remarkable  instance  of  the  union  of  two  atoms  of 
the  same  element  to  form  a  molecule  fsec  page  232). 

Copper  Oxides.  — Two  oxides  of  copper  are  known,  corresponding  to  the 

chlorides;  :ind  a  very  unstable  dioxide  or  peroxide,  I.!u0,.  is  said  to  be 
formed,  as  a  yellowish-brown  powder,  by  the  action  of  hydrogen  dioxide 
on  cupric  hydrate. 

Copper  Monoxide,  Cupric  ox-ids,  or  Iii<i?k  otiJc  '>/  topper.  CuO,  is  prepared 
by  calcining  metallic  copper  at  a  red-beat,  with  full  exposure  to  air,  or 
more  conveniently,  by  heating   Hie    niiraie   In  .redness,  which    sutlers  com- 
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plete  decomposition.  Cupric  sails  mixed  iviili  caustic  alkali  in  excess,  yield 
a  bulky  pale-blue  precipitate  of  hydratcd  cupric  oxide,  or  cupric  hydrate, 
CaH,0,  or  CuO.OHj,  wliirh,  when  the  whole  is  raised  to  the  boiling-point, 
becomes  converted  into  a  heavy  dark  brown  powder:  tliis  also  is  anhydrous 
oxide  of  copper,  the  isydraio  snlfering  decomposition,  oven  in  contact  with 
water.  The  oxide  prepared  at  a  high  temperature  is  perfectly  black  and 
very  dense.  Cupric  oxide  is  soluble  in  a.eids,  and  forms  a  series  of  very 
important  suits.  isomorphous  with  [."aiinesiuin  salts. 

Cuprous  oxide,  Cu,0,  also  tailed  Red  ux.'nk  and  Suboxide  of  copper.  —  This 
oxide  nmy  be  obtained  by  heating  in  a  covered  crucible  a  mixture  of  :"i  parts 
of  black  oxide  and  4  parts  of  lino  c opp or- fi lings ;  or  by  adding  grape-sugar 
to  a  solution  of  cupi-ic  sulphate,  a.nd  iLien  putting  in  an  excess  of  caustic 
potash ;  the  blue  solution,  heated  in  ubuUtlion.  is  reduced  by  the  sugar,  and 
deposits  cuprous  oxide.  This  oxide  often  occurs  in  bea.ntiful  transparent 
ruby-red  crystals,  associated  wit  Si  ot  her  ores  of  topper,  and  can  be  obtained 
in  the  same  state  by  anilicial  menus.  It  communicates  to  glass  a  magnifi- 
cent red  tint,  while  that  given  by  the  cupric  oxide  is  green. 

Cuprous  oxide  dissolves  in  excess  of  hydrochloric  acid,  forming  a  solu- 
tion of  cuprous  chloride,  front  which  '.liar,  compound  is  precipitated  on  dilu- 
tion with  water.  Jlnst  oxygen-acids,  nani'dy,  .sulphuric,  phosphoric,  acetic, 
oxalic,  tartaric,  and  citric  aciiis,  decompose  cttproupt  oxide,  forming  cupric 
sails,  and  separating  metallic  copper:  nitric  acid  converts  it  into  cupric 
nitrate.  Hence  there  arc  but.  low  cuprous  oxygon-  -a.lt.-,  none  indued  except- 
ing the  sulphites  and  certain  dcuii.e  sulphites  formed  by  mixing  a  cupric 
solution  with  the  sulphite  of  an  alkali-metal,  c. '/.,  ammo  trio -cuprous  sul- 
phite, S03Cu'(NH4). 

CiTPRit:  StTLi'HA'rr,,  SO/'n  .  ;"01fa.  --This  honuiifu'  salt,  coiamnn'y  culled 
blue  vitriol,  is  prepared  by  dissolvinj;  cuprie  oxide  in  sulphuric  acid,  or, 
at  less  expense,  by  oxidizing  the  .sulphide.  It.  fornts  large  blue  crystals, 
soluble  in  four  pans  id'  odd  and  two  parts  of  boiling  water;  when  heated 
to  100°  C.  (212°  F.)  it-  readily  loses  four  molecules  of  crystallization-water; 
but  the  fifth  is  retained  with  freat  perl  inaeity,  ine.l  is  expelled  only  at  alow 
red  heat.  At  a  very  high  temporal  tire,  cupric  sulphate  is  entirely  converted 
into  cupric  oxide,  oil. It  evolution  of  sulphurous  oxide  ami  oxygen.  Cupric 
sulphate  combines  with  tie  solpSuites  of  potassium  and  of  ammonium,  form- 
ing pale-blue  salts.  {«)4).,('nK2.(;OII.,  and  f fci(.)1;ii(Jn(N,lT4)a .  60Ha,  isomor- 
plious  with  the  corresponding  magnesium  salts. 

CttPRio  N itb ate,  ' N !  J:, :.,("' it .  SON'.,,  is  easily  111  miIc  by  dissolving  the  metal 
in  nitric  acid;  it  forms  deep-blue  crystals,  very  soluble  and  deliquescent. 
It  is  highly  corrosive.      An  insoluble  basic  nitrate  is  known;   it  is  green, 

Cuphic  Carbonates. — ■  When  sodium  carbonate  is  added  in  excess  to  a 
solution  of  cupric  sulphate,  the  precipitate  is  at  first  pale-blue  and  floc- 
culent,  but  by  warming  si.  becomes  sandy,  and  assumes  a  green  tint;  in 
this  state  it  contains  I'n^'o.CulI^),  'lop  This  substance  is  prepared  as  a 
pigment.  The  beautiful  minora1,  i.oo'oc/jiO:  lias  it  similar  composition,  but. 
contains  no  water  of  crystallization,  iis  composition  being  COjCu.CuIIjO,. 
Another  natural  compound,  called  asurite.  not  yet.  artificially  imitated, 
occurs  in  large  transparent  crystals  of  the  most  intense  blue:  it  contains 
.  2COsCu.CuH,Or  Vnnliier,  made  by  decomposing  cupric  nitrate  with,  chalk, 
is  said,  however,  t.o  have  a  somewhat  similar  composition. 


1  Sulphides. — There  are  two  well-defined  copper  sulphides 
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OgOUS  in  composition  to  tin'  oxides,  ami  four  others,  containing  larger 
proportions  of  sulphur,  but.  of  loss  deiincd  constitution;  these  latter  lire 
precipitated  from  solutions  of  cupric  salts  by  potassium  pontasulphide. 

Cupric  Sidphidn,  (luS,  occurs  native  as  indiijo  cupper  or  coaellin,  in  soft 
bluish-black  hexagonal  plates  and  spiic  :■■::■"(  iul  lulssc-.  ami  is  produced  ai'ti- 
Jiciuliy  b.y  i :■  i ■  i- ■: ■  1 1- . i 1 . 1 1 i 1 1 .■_;  u i l ] :■  i ■ ! <_-  s;;;rs  with  hyi)riii;on  sulpiiide. 

Ciipfu'M  gulpkitk,  CiijS,  occurs  native  us  aippcr-yiain:,:  or  radruthile,  in 
load-gray  hexagonal  prisms.  bekmjring  fi,  (ho  rhombic  system;  it  is  pro- 
duced artificially  by  too  combustion  of  coppe.r-foil  in  sulphur  vapor,  by 
igniting  eupric  oxide-  i\  ith  sulphur,  mid  by  oi  her  m  lit  hods.  It  is  a  power- 
ful sulphur -base,  uniting  with  tho  sulphides  ot'  antimony,  arsonic,  and  bis- 
muth, to  form  several  nnlural  minerals.  The  sevornl  varieties  of  iiihl-ore. 
or  tetrahedriLG,  consist  of  cuprous  sulplinnlimonitc  or  sulpharsenite,  in 
which  the  copper  is  in  ore  or  less  replaced  by  equivalent  quiintlUes  of  iron. 
?.ine,  silver,  and  mereury.  The  important  ore.  called  c>.ppir-/ii/ri!es,  is  a 
cuproso-fcrric  sulphide.  (.'i.i'l',i>-'"Si,  or  (.hu.S.Fe.,S3.  occurring  in  tetruhedrnl 
crystals  of  the  quadratic  system,  or  in  irregular  masses.  Another  species 
of  copper  and  iron  sulpliido.  coni lining  various  proportions  of  the  two 
metals,  occurs  unlive,  n*  purple,  copper  or  cruUscit*,  in  cubes,  octahedrons, 
and  other  mononieti-ie  forms. 

Amsiobiacai  Copper  Compounds.  —  Tho  chlorides,  sulphate,  nitrate,  and 
other  salts  of  copper,  unite  with  one  or  more  molecules  of  ammonia,  form- 
ing, for  the  moat  pari,  crystalline  compounds  :.if  li'nic  or  green  color,  some 
of  which  may  be  regarded  as  salts  of  melnllaoimoniuuis  (p.  3151/  Thus, 
cupric  chloride  forms  ivitli  ammonia,  ihc  compounds,  I'Slt,.  CuCI2,  4NH3. 
CuCl,,  and  6NI-L,.  CuCla,  the  first  of  which  may  be  formulated  as  eupro- 
diammonium  chloride,  (N  jy_'ii";C!2.  Ouprie  sulphate  forms,  in  like  manner, 
cupro-diammoniiiin  naipii-:,':;  :  N,!'o(  ■ii'-'wrO,.  which  is  a  deep-blue  crystalline 
salt.     Cuprous  iodide  forms  with  ammonia  the  compound,  ■lNlI3.Cu,ilJ. 

The  characters  of  the  cupric  salts  are  well  marked. 

Caustic  pvltiilt-  .gives  a  paio-biuo  precipitate  of  cupric  hydrate,  becoming 
bbi.eliisij-brown  i.iihydrous  oxide  i..n  'coding. —  Aiiuhcuia-  also  llirows  down 
the  hydrate;  but,  when  in  excess,  rcdissolvcs  it,  yielding  an  intense  pur- 
plish-blue, solution.  —  Potassium  anil  nodi  urn  carbonates  give  pale-blue  preci- 
pitates of  eupric  carbonate,  insoluble  in  o\ee.ss.  —  Ai-imoniu.in  carbonate,  the 
same,  but  soluble  with  deep-blue  color.-  -  .Piiiassium  fcrrocyanide  gives  a  fine 
red-brown  precipitate  of  eupric  i'crrooyanide  --  Hydrogen  sulphide  and 
ammonium  sulphide  ulliird   black   cupric    sulphide,    insoluble   in  ammonium 

sulphide. 

The  alloys  of  copper  are  of  great  importance.  Bran  consists  of  copper 
alloyed  with  from  ti8  to  ''A  per  cent,  of  lino;  the  latter  may  lie  added 
directly  to  the  melted  copper,  or  granulated  copper  may  be  heated  wiih 
calamine  and  charcoal-powder,  as  in  the  old  process.  Hun-metal,  a  most 
valuable  alloy,  consists  of  'M  parts  copper  and  10  tin,  Bell  and  speculum 
metal  contain  a  still  larger  proportion  of  tin  ;  those  are  brittle,  especially 
the  last  named.  A  good  bronze  for  statues  is  made  of  91  parts  eopper,  t 
parts  tin.  I)  parts  line,  and  1  pari  lead.  Tlic  linux  or  bronze  of  i  he  ancients 
is  an  alloy  of  copper  with  tin,  often  also  containing  lead,  and  sometimes 
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MERCURY. 

Atomic  weight,  i!00.      Syiaiml.  Tig.  (Hydrargyrum). 

This  very  remark  is  I  :■  I o  metal,  some  times  called  ipii'-i.-.ii!  ■■■-,",  has  been  known 
from  early  times,  ami  perhaps  more  than  nil  others  lias  excited  the  atten- 
tion ami  curiosity  of  experimenters,  by  reason  of  its  peculiar  physical 
properties.  Mercury  is  of  groat  iui|iori.'tTioc  in  several  of  the  arts,  and 
enters  into  the  composition  of  many  valuable  medicaments. 

Metallic  mercury  is  occasionally  >uei  with  in  globules  disseminated 
through  the  native  sulphide,  which  is  i  lie  ordinary  ore.  This  latter  substance, 
sometimes  called  cinnabar,  is  found  in  cunsid'ornblo  quantity  in  several 
localities,  of  which  the  most  celebrated  arc  A.imndeu  in  ispain,  and  Idria 
in  Austria.  Only  recently  it  hus  been  discovered  in  |;rcat  abundance,  and 
of  remarkable  purity,  in  California  and  Auslvalia.  The  metal  is  obtained 
by  heating  the  sulphide  in  an  iron  retort  with  lime  or  scraps  of  iron,  or  by 
roasting  it  in  a  furnace,  and  conducting  tin;  vapors  into  a  largo  chamber, 
where  the  mercury  is  condensed,  while  the  sulphurous  acid  is  allowed  to 
escape.  Mercury  is  imported  into  this  country  in  bottles  of  hammered 
iron,  containing  seventy-live  pounds  each,  and  in  a  slate  of  considerable 
purity.  When  purchased  in  smaller  quantities,  it  is  sometimes  found 
adulterated  with  tin  anil  lend,  which  metals  it  dissolves  to  some  extent 
without  much  loss  of  fluidity.  Such  .id mixture  tuny  lie  known  by  the  foul 
surface  the  mercury  exhibits  when  shaken  in  it  bottle  containing  air,  and 
by  the  globules,  when  made  to  roll  upon  tin;  table,  leaving  a  train  or  tail. 
Mercury  nas  a  nearly  silvor-wnite  color,  and  a  very  hie!)  doevee  of 
lustre:  it  is  liquid  at  all  ordinary  temperatures,  and  solidifies  onlv  'adieu 
cooled  to— 40".  In  this  state  it  is  soft  :md  malleable.  At  D50°  0.  (062°  F.) 
it  bods,  and  yields  a  transparent,  colorless  vapor,  of  great  density.  The 
metal  volatilizes,  however,  to  a  sensible  extent  at  all  temperatures  aboye 
19°  or  21°  C.  (6fi°  or  bS°  V .) ;  below  ibis,  point  its  volatility  is  imperceptible. 
The  volatility  of  mercury  at  the  boiling  heat  is  singularly  retarded  by  the 
presence  of  minute  quantities  of  lend  or  /inc.  The  specific  gravity  of 
mercury  at  16-5°  is  i:S,"i'.'i ;  iiiat  of  frozen  mercury  about  14,  great  contrac- 
tion taking  plane  in  the  net  of  solidification. 

Pure  mercury  is  quite  unalterable  in  the  air  at  common  temperatures, 
but  when  heated  to  near  its  boiling-point,  it.  slowly  absorbs  oxygen,  and 
becomes  converted  into  a  crystalline  dark -red  powder,  which  is  the  highest 
oxide.  At  a  dull  red  heat  ibis  oxide  is  again  dee  on  i  posed  into  its  constit- 
uents. Hydrochloric  acid  has  little  or  no  action  on  mercury,  and  the  same 
may  he  said  of  sulphuric  acid  in  a-  diluted  state  :  when  the  latter  is  con- 
centrated and  boiling-hoi.,  it  oxidizes  the  modi,  converting  it  into  mercuric 
sulphate,  with  evolui  ion  of  sulphurous  oxide.  Nitric  acid,  even  dilute  and 
in  the  cold,  dissolves  mercury  .freely,  with  evolution  of  nitrogen  dioiide. 

The  observed  vapor-donsity  of  mercery  referred  to  air  as  unity  is  6-7  ;* 
this  referred  to  hydrogen  is  nearly  Kill  ;f  that  is  to  say,  half  the  atomic 
weight,  of  the  metal  :  conscnvjcnile  ill*'  atom  of  in e ten ;-y.  like  that  of  cad- 
mium, occupies  in  the  gaseous  „iato  l  iviee  (he  volume  of  an  atom  of  hydro- 
gen (see  page  229). 

Mercury  forms  two  series  of  compounds :  namely,  the  iivrcark  compo-'wh, 
in  whieh  it  is  bivalent,  as  llg'-'i ''.,.  llg"i>,  Ilg'-'i-iO.,,  ic,  and  the  mercurnus 

*  Btarau,  Comptea  Ristidus,  jdit  199.  t  -sgggr    =    Bs'8, 

Htrsten  by  G00gk 


358  DYAD   METALS. 

compounds,  in  which  !.l  h  apparetiik-  univalent,  as  tlg./'L,  fTg,0,  &c>  These 
compounds  are  analogous  in  constitution  to  the  cuprio  and  cuprous  com- 
pounds; and  (lie  moreorotts  compoamls,  like  iim  la.i  let',  ore  easily  converted 
into  mercuric  compounds  by  the  action  of  oxidizing  uveitis,  which  remove 
one  atom  of  mevotuy  ;  bnl  they  arc,  on  the  whole,  mutli  more  stable  than 
the  cuprous  compounds. 

Mkhcub.t  Chlorides.  —  Mcn-vrk  Chturiih.  Mg'Tl.,,  commonly  called  em: 
ronir-n  sublimate.  ■  —  This  compound  may  bo  i>ht:i.in«-:l  by  several  different  pro- 
cesses: (1)  When  meiaiiie  miitcinj  i  j  "heated  in  chlorine  gas,  it  lakes  fire 
and  burns,  producing  this  substitute.  \i)  It  may  he  made  by  dissolving 
mercuric  oxide  in  hot  hydrochloric  acid,  crystals  of  corrosive  sublimate 
then  separating  on  cooling.  .(•!;■  Of,  inure  economically,  by  subliming  a 
mixture  of  equal  parts  of  ntcrcttrio  sulphate  and  dry  common  salt;  and 
this  is  the  plan  generally  followed.  The  decomposition  is  represented  by 
the  equation ; 

S04Hg    +     2NaCl    =    HgClj     +     SO,rTa5. 

sulphate,  cklijritiu.  e  ill  or.  do.  Eidiilwte. 

Sublimed  mercuric  chloride  forms  it  white  transparent  crystalline  mass 
of  specific  gravity  S-43;  it  melts  at  ^jH"  C.  (50!)"  .F.j;  boils  at  295°  C. 
(5(iS°  V.)t  and  volatilizes  somewhat  more  easily  than  calomel,  even  at 
ordinary  temperatures,  lis  observed  vapor-density,  referred  lo  hydrogen 
as  unity,  is  HO:  and  the  density  calculated  from  the  formula  HgCl,,  sup- 
posing that  the  molecule  occupies  tin;  sues  space  as  a  molecule  or  two  atoms 

of  hydrogen  (p.  220)  is ^-^ '—=  1855  ;  the  near  agreement  of  this 

number  with  the  observed  result  shows  that  the  vapor  is  in  the  normal  state 
of  condensation. 

Mercuric  chloride  dissolves  in  18  parts  of  cold  and  3  parts  of  boiling 
water,  and  crystallizes  from  a  hot  solution  in  long  while  prisms.  Alcohol 
and  ether  also  dissolve  il  with  facility:  the  latter  even  withdraws  it  from 
:i  watery  solution. 

Mercuric  chloride  combines  with  a  great  number  of  other  metallic  chlor- 
ides, forming  a  series  of  beautiful  double  subs,  of  which  the  ancient  sit; 
altmhroth  may  he  (akou  as  it  good  example  :  il  eon  it:  ins  llg('l.;.  2NH,01.  OHE. 
Corrosive  sublimate  ah-mbs  aiiimoniaoal  gas  with  great  avidity,  generating 
the  compound  HgCL, .  Nll3. 

Mercuric  chloride  forms  several  compounds  with  mercuric  oxide.  These 
are  produced  by  several  processes,  as  when  an  alkaline  carbonate  is  added 
in  varying  proportions  to  n.  solution  of  mercuric  chloride.  They,  differ 
greatly  in  color  and  physical    character,  and  are   mostly   decomposed  by 

Mercuric  chloride  forms  insoluble  compounds  with  many  of  the  azotlzed 
organic  principles,  as  albumin,  H.C.  It  is  perhaps  to  this  property  that  its 
stvonir  antiseptic  properties  arc  doe.  Animal  ami  vegetable  substances  ace 
preserved  by  il  from  decay,  as  in  Kyan's  met  ho-l  of  preserving  timber  anil 
cordage.  Albumin  is  on  this  account  tut  excellent  a  tit  blot  e  to  corrosive  subli- 
mate in  cases  of  poisoning. 

Mercurom  OkVirtili;  llg.,1'1.,,  commonly  culled  Calomel.  — This  very  im- 
portant substance  may  be  easily  ami  well  prepared  by  pouring  a  solution 
of  mercurous  nit  rale  into  a  la  rite  excess  of  dilute  sola  I  but  of  common  salt. 
It  falls  as  a  dense  while  ptocipilni  c.  battle  insoluble  in  water;  it  must  be 
thoroughly  washed  with  boiling  distilled  water,  and  dried.  Calomel  is, 
however,  generally  procured  bv  another  and  more-  complex  process.  Dry 
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c  sulphate  is  rubbed  in  a  mortar  with  as  much  metallic  mercury  as 
it  already  contains,  and  ;l  quantity  of  Common  salt,  until  the  globules  dis- 
appear, and  a  uniform  mixture  lms  been  produced.  Tiiis  is  subjected  to 
sublimation,  tho  vapor  of  Hie  calomel  being  carried  into  an  atmosphere  of 
steam,  or  into  a  chamber  containing  air ;  it  is  thus  condensed  into  a  mi- 
nutely divided  state,  and  iln:  laborious  process  of  pulveriial.ion  of  the  sub- 
limed mass  in  audited,      'flic  re  notion  is  thus-  explained  : 

BO.Hg    +    Hg    +     2NaCl     =     HE,CI.     +     SO,Na, 
Moreiiric  '  '  Soillmn  MercnroiiB  Sodium 

Bulphatc  chloride,  chloride,  sulphite, 

Pure  calomel  is  n  heavy,  white,  insoluble,  tasteless  powder:  it  rises  in 
vapor  at  a  temperature  below  reduce,  and  is  obtained  by  ordinary  sub- 
limation as  a  ycllowish-wbiEo  crystalline  mass,  it  is  us  insoluble  in  cold 
diluted  nitric  acid  as  sliver  chloride  ;  boiling-bol  strong  niirie  acid  oxidizes 
and  dissolves  it.  Calomel  i.s  itist.anlly  dccoiiipusod  by  so  alkali,  or  by  lime- 
water,  with  production  of  mereurous  oxide.  Tt  is  sometimes  apt  to  con- 
tain a  little  mercuric  eld  e  ride,  which  would  be  a  "very  dangerous  contami- 
nation in  calomel  employed  fin-  medical  purposes.  This  is  easily  discovered 
by  boiling  with  water,  tillering  ilie  liquid,  aud  adding  caustic  potash.  Any 
corrosive  sublimate  is  indicated  by  a  yellow  precipitate. 

The  observed  vapor-density  of  calomel,  referred  to  hydrogen  as  unity, 
IS  119-2.  Now  the  formula  Hsj-J  -1.,,  if  it  represents  a  molecule  occupy- 
ing in  the  gaseous  slate  two  volumes  (7.  <-..,  twice  the  volume  of  an  atom 
of  hydrogen,  p.  22'Jj,  would  give  a  density  nearly  double  of  this:  for 
400  4-  2  X  85-5 
■ — ^-  ■■-.  ■■■ —  —  !>;;)■.">.      Tie  nee  it  mi  ■;>;.'.  he  itiii  r:  >■■!  'hat  the  composition 

of  oalomel  should  rather  be  represented  by  (lie  simple;'  formula  HgCl,  which 
would  give  for  the  vapor-det^iiy  the  number  1 17-75.  But  this  formula 
(the  adoption  of  which  would,  of  course,  involve  that  of  similar  formula! 
for  the  other  mereurous  salts,  e.  //.,  NO/tg  for  the  nitrate)  is  objectionable 
on  account  of  its  inconsistency  with  the  law  of  even  numbers,  according  to 
which  a  dyad  element  like  mercury  can  never  unite  with  an  uneven  num- 
ber of  monad  atoms  (p.  232).  Moreover,  the  frequent  decomposition  of 
mereurous  salts  into  mercuric  sabs  and  I'rce  mercury  is  in  favor  of  the  sup- 
position that  their  molecules  contain  two  a  torus  of  mercury  ;  and  the  anom- 
aly in  the  vapor-volume  of  calomel  may  be.  explained  by  supposing  that 
the  vapor  of  this  compound,  like  that  of  many  others,  undergoes  at  high 
temperatures  the  change  i:nowu  as  isi..*k.ni  (p.  rVil ':,  the  two  volumes  of 
mereurous  chloride,  Hit, CI,  being  resolved  into  two  volumes  of  mercuric 
chloride,  HgCl2,  and  two  volumes  of  mercury,  fig.  This  supposition  is,  to 
some  extent,  warranted  by  the  observation  that  calomel  vapor  amalgamates 
gold- leaf,  and  liiai  corrosive  sublimate  may  be  uctocica  in  re-sublimed  cul- 

IoDJUEs.  —  Mercuric  Tc.'li-h.  TIg''T..,  is  formed,  iv'ieu  solution  of  potassium 
iodide  is  mixed  with  mercuric  chloride,  as  a  precipitate  which  is  at  first 
yellow,  but  in  a  few  moments  changes  to  a  most-  brilliant  scarlet,  this  color 
being  retained  on  drying.  This  is  the  neutral  iodide:  it  may  be  made, 
although  of  rather  duller  tint,  by  till  a  rating  equivalent  quantities  of  iodine 
and  mercury  with  a  little  alcohol.  In  preparing  it  by  precipitation,  it.  is 
better  to  weigh  eat.  the  proper  proportions  of  the  t  wo  salts,  as  the  iodide  is 
soluble  in  an  excess  of  either,  more  especially  in  o\cess-  of  potassium  iodide. 
Mercuric  iodide  exhibits  a  very  remarkable,  case  of  dimorphism,  attended 
with  difference  of  color,  which  is  red  or  yellow,  according  to  the  figure 
assumed.  Thus,  when  tlie  iodide  is  suddenly  exposed  to  a  high  tempera- 
ture, It  becomes  bright-yellow  throughout,  and  yickb  a  copious  sublimate 
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of  minute  but  brilliant,  yellow  crystals.  If  in  this  State  it  be  touched  by  a 
hard  body,  it  instantly  becomes  mil,  and  Iho  same  change  happens  spon- 
taneously after  a  certain  lsuse  of  time.  On  ;.h«  other  hand,  by  a,  very  slow 
and  careful  heating,  a  sublimate  of  red  crystals,  having  a  totally  different 
form,  may  be  obtained,  which  are  permanent.  The  same  kind  of  change 
happens  with  the  freshly  preciphai.ed  iodide,  as  dr.  Waringt.on  has  shown, 
the  yellow  crystals  fii's,;  formed  breaking  op  in  i lie  course  cf  a  few  seconds 
from  the  passage  of  i  lie  salt  in  the  rod  modification.* 

Mercuric  iodide  forms  double  sails  -.villi  ilie  mere  basic  or  positive  me- 
tallic iodides,  as  those  of  the  alkali-metals  and  alknlino  earth-metals;  thus 
it  dissolves  in  aqueous  potassium  iodide,  and  the  iio!  isolation  deposits  on 
cooling,  crystals  of  pnlassio-mcrcuric.  iodide,  2(  K1.IIk12).30Hj. 

Mercurous  Iodide,  fl};2l2.  in  formed  when  :i  solution  of  potassium  iodide  is 
added  to  mercurous  nitrate  :  it.  then  separates  as  a  dirty  yellow,  insoluble 
precipitate,  with  a  tinge  of  green.  It  may  also  bo  prepared  by  rubbing 
mercury  and  iodine  together  in  a  mortar  in  Hie  propori  ion  of  1  atom  of  the 
former  to  1  atom  of  the  latter,  the  misi  ure  being  moistened  from  time  to 
time  with,  a  little  alcohol. 

Oxides.  —  Monoxide,  or  Slemtvins  OyJik,  11^0,  commonly  called  Red  Oxide 
of  Mercury,  or  Red  I'm-.'qntidc.  —  There  are  numerous  in  el  hods  by  which  this 
compound  may  be  obtained.  The  following  may  be  cited  as  the  most  im- 
portant: (I)  By  exposing  mercury  in  a  glass  flask  with  a  long  narrow  neck, 
for  several  weeks,  to  a  temperature  appro neliing  815°  (".  (J09°  F.).  The 
product  has  a  dark  red  color,  and  is  highly  crystalline  ;  it  is  the  red  precipi- 
tate of  the  old  writers.  \'l)  I'y  cautiously  beating  any  of  I  be  mercuric  or 
mercurous  nitrates  to  complete  dociiinpusi:  ion,  whereby  the  acid  is  decom- 
posed and  expelled,  oxidizing  the  metal  to  a  maximum,  if  it  happen  to  be 
in  the  state  of  mercurous  salt.  The  product  thus  obluined  is  also  crystal- 
line and  very  dense,  hut  has  a  much  paler  color  than  the  preceding;  while 
hot,  it  is  nearly  black.  It  is  by  this  method  that  the  oiide  is  generally  pre- 
pared: it  is  apt  to  contain  undeconiposeil  nil  rate,  which  may  be  discovered 
by  strongly  heating  a  portion  in  a  test-tube :  if  red  fumes  are  produced, 
or  the  odor  of  nitrous  acid  exhaled,  the  oxide  bas  been  in  sufficiently  heated 
ill  the  process  of  manufacture,  (i!)  By  adding  caustic  potash  in  excess  to 
a  solution  of  corrosive  sublimate,  by  which  a  bright  yellow  precipitate  of 
mercurie  oxide  is  thrown  down,  which  differs  from  the  foregoing  prepara- 
tions merely  in  being  desi.in.ii  i;  of  crystalline  texture  and  much  more  mi- 
nutely divided.      It.  must  be  well  washed  and  dried. 

Mercurie  oxide  is  slighily  soluble  in  water,  communicating  to  the  latter 
an  alkaline  reaction  and  metallic  tasie:  it  is  highly  poisonous.  When 
strongly  heated,  it  is  decomposed,  as  before  observed,  into  metallic  mercury 
and  ■'Mvgeii  gas. 

Mercurous  Uxi.de,  Hg/);  Si/tiozide,  or  ','/■■■;'/  Oyiji  of  N.reun/.  —  This  oxide  is 
easily  prepared  by  adding  caustic  potash  lo  mercurous  nitrate,  or  by  di- 
gesting calomel  in  solution  of  caustic  alkali.  It  is  a  dark  gray,  nearly 
black,  heavy  powder,  insoluble  in  water,  slowly  decomposed  by  the  notion 
of  light  into  metallic  mercury  and  red  oxide.  The  preparations  known  in 
pharmacy  by  the  mimes  hint:  pill,  gray  ninimtrit,  aitrennra-itit  chalk,  &c,  often 
supposed  to  owe  their  efficacy  to  this  substance,  merely  contain  the  finely 
divided  metal. 

MuRfir'KY  Nitrates. — Nitric   acid  varies   in    its   action   upon   mercury, 

only  mercurous   salts,  and    these   are  neutral  or  basic  — i.  «.,   oxynitrates 
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(p.  283)  —  as  the  acid  or  the  mete!  happens  to  be  in  excess.  When,  on  the 
contrary,  tie  nitric  acid  is  l-oiil'L'HI r;Hftl  ami  hot.  the  mercury  is  raised  to 
its  highest  slate  of  oxidation,  am]  a  mercuric  sa';t  is  produced.  Both  classes 
of  salts  ore  apt  io  he  decomposed  h_v  a  large  iptaniily  of  water,  giving  rise 
to  insoluble,  or-  sparingiy  soluble  basic  compounds. 

Mercuric  Xitral.es.  —  ISy  dissolving  mercuric  oxide  in  excess  of  nitric  acid, 
and  evaporating  gently,  a  syrupy  ' -niii'l  1-  obtained,  which,  enclosed  in  a 
bell-jar  over  lime  or  sulphuric  acid.  deposits  ':mlkv  crystals  and  crystalline 
crusts,  both  having  the  composition  ^.;e]i.la;.;!ls''.(iii2.  The  same  substance 
is  deposited  from  the  syrupy  liquid  as  a  crystalline  powder  by  dropping  it 
into  concentrated  nitric  acid.  The  syrupy  iiujtid  itself  appears  to  be  a  de- 
finite compound  containing  :  \03i  JIe;".Ull,.  By  saturating  hot  dilute  nitric 
aeid  with  mercuric  oxide,  a  salt,  is  obtained  oh  cooling,  which  crystallizes 
in  needles,  permanent  in  the  air,  containing  (XtLi.Jlg''  .  llg"0.()H2.  The 
preceding  crystallized  salts  are  decomposed  by  water,  with  production  of 
cmu;,ounds  move  and  more  basic  as  the  washing  is  prolonged  or  the  tempo- 
ratnre  of  the  water  raised. 

Mercurms  Nitrate,  (NOj'jJTi^f'iIL.  forms  largo  colorless  crystals  soluble 
in  a  small  quantity  of  watur  wulioui-  drootnjiu-iiion  ;  it  is  made  by  dissolving 
mercury  in  an  excess  of  emu  diiate  nitric  acid. 

Wheu  excess  of  mercury  has  been  employed.  :i  finely  crystallized  basic 
salt  is  deposited  after  some  time,  containing  L!(r.,Oai.,!lg,.lIgI0.yOH2,  or 
ZN5O5.aHgjO.3OHj;  t.bis  is  also  decomposed  by  water.  T'iie  two  salts  are 
easily  distinguished  when  rubbed  in  a  mortar  with  a  III  lie  sodium  chloride; 
the  neutral  compound  gives  sodium  niirate  and  calumol;  the  basic  salt, 
sodium  nitrate  and  a  Idark-  compound  nf  calomel  with  mercurous  oxide.  A 
black  substance,  called  ttahnrinahni  .«ihi/.>!-:  nurciH-i/,  is  produced  when  am- 
monia in  small  quantity  is  dropped  into  n  solution  of  mercurous  nitrate; 
k  contains  NsO,.3Hgj0.2NHa,  or,  according  to  Kane,  iy)6.2Hg20.2NK, ; 
the  composition  of  litis  preparation  evidently  varies  according  to  the  tem- 
perature and  the  concentration  of  the  solutions. 

Mercury  Sulphates., —  Merarir.  ,SV/j  A,- ,■'<■,  SO^Ta/',  is  readily  prepared 
by  boiling  together  oil  of  vitriol  and  metallic  mercury  until  the  latter  is 
wholly  converted  into  a  heavy  while  crystalline  powder,  which  is  the  salt 
in  question;  the  excess  of  aeid  is  then  removed  by  evaporation  carried  to 
perfect  dryness.  Equal  weights  nf  aeid  and  metal  may  be  conveniently  em- 
ployed. Water  decomposes  l.he  sulphate,  dissolving  out  an  aeid  salt,  and 
leaving  an  insoluble,  yellow,  basic  compound,  formerly  culled  turpith  or  tur- 
beth  mineral,  containing,  arenrding  to  Kane's  analysis,  JS04Ug".2Hg"0,  or 
S03.3Hg"0.  Long-ctm'.iuued  vvusliiue:  ivith  hot.  wa'.er  entirely  removes  the 
remaining  acid,  .and  leaves  pure  mercuric  oxide. 

Mercwous  Snip/iaie.  SO,.ilj:.,,  falls  as  ;t  while  crystalline  powder  when  sul- 
phuric acid  is  added  to  a  solution  of  mereurous  nitrate:  it  is  but  slightly 
soluble  in  water. 

Mekcury  Sulphides.  —  Mere.itric  Si>!:>/,i-l:.  IlgM,  occurs  native  as  cinnabar, 
a  dull  red  mineral,  which  is  the  inns'  important  ore  of  mercury.  Hydrogen 
sulphide  passed  in  small  quantity  into  a  solution  of  mercuric  nitrate,  or 
chloride,  forms  a  wliit.e  precipitate,  which  is  a  compound  of  mercurie  sul- 
phide with  the  salt  itself.  An  excess  of  the  gas  converts  the  whole  into 
sulphide,  the  color  at  the  same  lime  changing  to  black.  When  this  black 
sulphide  is  sublimed,  it  becomes  dark-red  and  crystalline,  but  undergoes 
no  change  of  composition:  if  is  then  anntitiar  or  vermilion.  Mercurie  sul- 
phide is  most  easilv  prenared  by  subliming  an  intimate  mixture  of  0  parte 
of  mercury  and  1  part  of  sulphur,  and  reducing  the  resulting  cinnabar  to 
very  fine  powder,  the  beauty  of  the  tint  depending  much  upon  tho  extent 
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to  which  division  is  curried.  Tin;  red  or  crysiiLiIiuc  sulphide  may  a'-o  be 
formed  directly,  without  sublimation,  by  heating  (lie  black  precipitated 
sabstance  in  !i  solution  of  pot u^^ii lill  ponla-uiphiac  ;  the  mercuric  sulphiuo 
is,  in  fact,  soluble,  to  a  eeriain  extent,  in  the  alkaline  sulphides,  and  forma 
with  them  eryslallizable  compounds. 

When  vermilion  if  heated  in  tho  :iir,  ii  yields  melallie  mercury  and  sul- 
phurous oxide :  it  resists  i  lm  notion  both  of  caustic  alkali  in  solution,  and 
of  strong  mineral  acids,  even  nitric,  and  is  attacked   only  by  nitro muriatic 

iMercurous  sulphide.  Hg.^,  is  obtained  by  passing  hydrogen  sulphide  I'.ib 
a  solution  of  mereiirous  nitrate,  as  a  black  vj!-cc;ii>li:ito.  which  is  resolved 
at  a  penile  heal  in;o  mercuric  sulphide  ami  metallic  mercury. 

Amwoniacal  Mintociii  Gmn'OTSTis,  Mkrcuh  in>ifiSiC!i  Halts.  —  By  the 
action  of  ammonia  and  its  salts  on  mercury  compounds,  a  variety  of  sub- 
stances are  formed  winch  nuty  be  regarded  as  salts  of  mcrcurammoniums 
—  that  is,  of  ammuuinio-mnieeTiles  in  v. kioh  i':ic  hydrogen  is  more  or  less 
iplaced  by  mercury,  in  Hie  pru port. ion  of  UK)  or  3J0  parts  of  Ineroury  (o 
p;irt  of  hvdro^en,  according  as  the  era:'  pound  is  iortmal  from  a  merenrous 
>r  a  mercuric  salt.  Tho  following  are  the  most  important  of  these  com- 
jounds:  — 

Mercuric  Compcilii'h.  — IW'rriini-dira/i.'iin.'ii'u.'i  c.l.hjrlth,  (>'.,) TeIIg")Clj,  known 
n  pharmacy  as/nniif  a- film  yrcc'p'uate,  is  produced  by  adding  potash  to  a 
solution  of  ammonio-iuerouric  chloride,  ;2N) !,(.'!.  1 1 ;;(.'l,i,  or  by  dropping  a 
in  of  mercuric  chloride,  into  a  lioliir.g  solution  ot  sal-ammoniac  con- 
g  free  ammonia,  as  long  as  the  resulting  precipitate,  redissolves:  it, 
leparatea  on  cooling  in  regular  dodecahedrons.  At  a  gentle  heat  it 
gives  off  ammonia,  '.en-\iiig  a  chloride  of  dimercur-ammouium  and  hydrogen, 
(NH,Hg")Cl.HCt; 

N3H,Hg"Cls    =    NHsIIg"Cl2    +    N1I3. 

Mercurcanrnonimn  chiorl.de.,  (NH.,Hg")Cl. —  This  salt,  known  in  pharmacy 
as  infudble  white  jinco.ilul, .  is  formed  by  adding  htm  taenia  to  a  solution  of 
mercurio  chloride.  When  first  produced,  it  is  bulky  and  white,  but  by 
contact  with  hot  water,  or  by  much  washing  with  on  id  water,  it.  is  converted 
into  hydrated  dhaeiauirammoniuni  chloride.  .MJk",C1.0I1,. 

Trimeixuro-ditimmomvm  viirnlc,  (K,l[„\\'j.'\)\ is O..V, .  2011,,,  is  formed  as  a 
white  precipitate,  on  mixing  a  dilute  and  very  acid  solution  of  mercuric 
nitrate  with  very  dilute  ammonia. 

Trimcri-.iiru-di'.mieiv.,  N„llg"3.  a  oe:npiuind  di.rived  from  a  donate  mu'eoulc 
of  ammonia,  N2IIfr,  jj v  suiistir.iticn  of  3  atoms;  of  bivalent  mercury  for  (i 
atoms  of  hydrogen,  is  formed  by  passing  dry  ammonia  gas  over  dry  pre- 
cipitated mercuric  oside: 

8Hg»0    +    2NH,    =     N,Hg",    +     30Ha. 

Tho  excess  of  oxide  heing  removed  >>y  nitric  acid,  the  trim  ercuvo -diamine 
is  .obtained  as  a  dark-brown  powder,  which  explode;  by  heat,  friction, 
percussion,  or  contact  with  oil  of  vitriol,  almost  as  violently  as  nitrogen 
chloride. 

Ilaneratrsmmnnkmi  chiorHi-.  Mia;"/'!. ON ;>  is  oht.-rned.  as  already  ob- 
served, by  boiling  merciirodia.mmoniuiu  chloride  (infusible  white  precipi- 
tate) with  water.  It  is  a  heavy,  granular,  yellow  powder,  which  turns 
wdiite  again  when  trculed  with  sal-ammoniac. 

Dimercarammonluiii.  iodide.  Mlg"2l  .011.,  —This  compound  maybe  formed 
by  digesting  the  corresponding  chloride  iii  a  solution  of  potassium  iodide; 
or  by  heating  mercuric  iodide  with  excess  of  aqueous  ammonia; 
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SHgl,  -j-  4NHa  +  OHj  =  NHg"2I.OH2  +  SHH4I; 
also  by  passing  ammonia  gas  ovor  mercuric  ox y-i nitidis : 

Hg'VA     +    2NH3    =    2(NlIg"2I.OII2)     +     OH, ; 

o  a  solution  of  potassio -mercuric  iodide 

2(2KI .  Hgl,)  +  NH,  +  8KHO  =-  NHg"sI .  OHa  +  7KI  +  20U2. 
This  last  reaction  affords  an  extremely  delicate-  test  for  ammonia.  A  solu- 
tion of  potassio-mer  curie  iodide  is  prepared  by  adding  potassium  iodide  to 
a  solution  of  eorrosivo  subiimatc,  lil!  a  portion  only  ol'  the  resulting  red 
precipitate  is  redissolved,  then  !i ln.-iiii;!.  and  mixing  Hie  filtrate  with  caustic 
potash.  The  liquid  thus  obtained  forms,  will)  a  very  .small  quantity  of 
ammonia,  cithor  free  or  in  the  form  of  an  ammoniacal  salt,  a  brown  pre- 
cipitate soluble  in  excess  of  potassium  iodide.  This  is  called  Nessler's  test 
for  ammonia* 

Dimercwammonium  Wr„,v,  Mls"  ,110.  —  This  compound  is  formed  by 
treating  precipitated  mot-cork-  oxide  wil  I;  aqueous  ammonia,  or  by  treating 
either  of  the  dim  even  nun  monintu  salt-  with  a  caustic  alkali.  It  is  a  brown 
powder,  which  dissolves  in  acids,  yielding  salts  of  diiriercurammonium. 

Dvaiercurammoniion.  /alpha!-'.  (NHs'-'.,}.,*^  -  ^011,.  formerly  called  amntom- 
Mul  turpetkiim,  is  prepared  in-  dissolving  mercuric  sulphate  in  ammonia, 
nnd  precipitating  T lie  solution  wil li  water.  I!  is  a  heavy  white  powder, 
yellowish  when  dry,  resolved  by  heat  into  water,  nilrogon,  ammonia,  and 
moreuroiis  sulphate. 

Mercii.Tims  Cutiipo'nuh.  —  .Vfrt-itr'jsxiHnioiii'Uii  c-hloridt,  XlfjHg'Cl,  is  tba 
black  precipitate  formed  when  dry  calomel  is  exposed  to  tlje  action  of  am- 
monia gas.    When  exposed  to  the  air,  it  gives  nil'  :irt mi  a  and  [eaves  white 

mercurous  chloride.  —  fjini.rretin>.->iiiiwwiiiiii>i  thioriih-.  \!l[.,Hg';Cl.  is  formed, 

together  wii.ii  sal-ammoniac,  by  digesting  calomel  in  nqueous  a "' 

HgjCIj  +  2NHS  =  NHaHgaCl  -f  NH4C1. 
]■  is  gray  when  dry,  and  is  not.  altered  hv  boiling  water.  —  Pit 
mows,  nitrate,  2(NHaHg,)NOi,.OUi.  This, 'according  to  Kane,  is  the  com- 
position of  the  velvet-black  precipitin  «  knoifii  as  Ilahncuiann's  soluble 
mercury,  which  is  prod  used  en  adding  an  im  on  ia  to  a  solution  of  mercurous 
nitrate.  According  ir,  <;.  <:.  Mitsohorlioh.  on  tiie  other  hand,  the  precipi- 
tate thus  formed  has  the  composition  ^N  H3.N.,i)s.;l'Hir.,n,  which  is  that  of 
a  liydrat.ed  trintf.r<:arot<n:ijii<.i!uu:n  nUruu;  lifNHHgjJNOj.  20Hj. 

Reactions  of  Mercury  Salts.  —  All  mercury  compounds  are  volatilized  or 
decomposed  by  a  temperature  of  ignition;'  those  which  fail  to  yield  the 
metal  by  simple  heating  may  in  all  eases  be  made  io  do  so  by  heating  in  a 
test-tube  with  a.  little  dry  sodimn  carbonate.  The  metal  is  precipitated 
from  its  soluble  combitiai  ions  by  a  plate  of  copper,  and  also  by  a  solution 
of  xliiiwoiut  chloride  used  in  excess. 

Hi/dr'jfj'iH  su/p'titt*.,  and  n.:!tirii;}iiiim  siil/iliirfr,  produce  in  solutions,  both  of 
mercuric  and  of  to erci irons  subs,  blaek  p  re  e  i  pk  a  tcs  insoluble  in  ammonium 
sulphide.  In  mercuric  salts,  however,  if  the  quantity  of  the  reagent  added 
is  not  sufficient  for  com  pink'  d  room  position,  a  white  precipitate  is  formed, 
consisting  of  a  compound  of  mercuric  sulphide  will]  the  original  salt,  and 
often  colored  yellow  or  brown  by  excess  of  mercuric  sulphide.      An  excess 
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of  hydrogen  sulphide,  or  iMiimotiiiim  nulpliide,  j71st.ant.ly  f.urns  the  precipi- 
tate black.      This  ri^itst.ii-.ri  is  niiitu  oharaeterislio  (if  mercuric  salts. 

Mercuric  sails  lire  fun  her  distinguished  by  forming  a  yellow  precipitate 
with  caustic  potash  or  serfs,-  white  with  uvi-w.oma  or  ammonium  carbonate,  in- 
soluble in  excess:  red-brown  with  j.oitissium  or  sudium  carbonate.  With 
potassium  iodide  they  yield  a  bright  seurlet-  preci pit.it e,  soluble  in  excess, 
either  of  the  iiiortmritj  hull  or  of  the  alkaline  iodide. 

illereurous  sail*  are  espeeially  eiinriifderizwl  by  I'oniimfr.  u-ith  hydrochlm-i,: 
acid  or  soluble  cftloritlr.*,  11  white  prreipiiale.  wliioh  is  turned  black  by  am- 
monia. They  also  yield  liluek  p>-eeipitates  ivitli  citwstk  alkalies,  white  with 
alkaline  eartioiiare-i,  soon  Pond  eg  Mark  :  ip-neiLis-h-yelim'.-  with  potassium  iodide. 

Alloys  of  mercury  with  other  metals  ore  termed  asnah/ams:  mercury  dis- 
solves in  this  manner  many  of  the  metal.-,  as  gold,  silver,  tin,  lead,  fie. 
These  eorrihirsytiijiis  so:iiel  hue.'  lake  place  wil  It  eon-idei-u'ole  vinlenee,  as  itt 
the  cane  of  potassium,  in  which  light  mill  heat  are  produced :  besides  this, 
many  of  the  amnl^ata.-  rrysiiiliim;  al'icr  11  wii ill;,  l.eeoming  solid.  The 
amalgam  of  titi  used  isi  silveriui-  looking-glasses,  and  t.ha.t.  of  silver  and  of 
copper,  sometimes  employed  lor  stopping  hollow  teeth,  are  examples. 
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Atomic  weight,  204.     Symbol  Tl. 

THIS  element  was  discovered  by  Brookes,  in  JSIil,  in  the  seleniferous 
deposit  of  a  lead-chamber  oi'  a  sulphuric  acid  factory  in  the  Harti 
mountains,  where  iron  pyrites  in  used  lor  (ho  manufacture  of  sulphuric 
aeid.  The  name  is  derived  from  Baiij,-,  '■  green,"  because  its  existence  was 
first  recognized  by  an  intense  eitmi  line,  appoarini:  in  the  spectrum  of  a 
flame  in  which  thallium  is  volatilized.  It  was  at  first  suspected  to  bo  a 
metalloid,  but  flintier  examiiiiitiim  proved  it  to  be  a  true  metal.  It  was 
first  obtained  in  a  distinct  metallic  lor  in  by  Crookes  towards  the  end  of  the 
year  1861,  and  soon  n.l'Lorwards  by  Jjiuiiy,  who  prepared  it.  from  the  deposit 
in  the  lead-chamber  or'  M.  Knhlmann.  of  Lille,  where  Belgian  pyrites  is 
employe;!  for  t.iio  manufacture  of  sulphuric  acid. 

Thallium  appears  1.y  lie  very  widely  ilitf  Lined  a-  a  const  ilucut  of  iron  and 
copper  pyrites,  though  ii  novor  eons']!  uics  more  Mian  tit  e  4000th  part  of 
the  bulk  of  the  ores.  It  has  also  been  found  in  lepidolito  from  Moravia, 
in  mica  from  Zinnwald  in  Bohemia,  and  in  the  mother-liquors  of  the  salt 
works  at  Nauheim. 

Thallium  is  most  economically  prepared  flora  the  Hue-dust  of  pyrites 
burners.  This  substance  is  stirred  op  i"  wooden  l.ubs  wir.li  boiling  water, 
and  the  clear  liquor  siphoned  oft  l'nuu  ilio  deposit  is  mixed  with  excess  of 
strong  hydrochloric  acid,  which  precipitates  impure  thallium  monochloride. 
To  obtain  a  pure  sab,  this  crude  chloride  is  added  by  small  portions  at  a 
time  to  half  its  weight,  of  hot,  oil  of  vitriol  in  a  porcelain  or  platinum  dish, 
the  mixture  being  constantly  stirred,  and  the  heat  cmi tinned  till  the  whole 
of  the  hydrochloric  acid  and  the  greater  porl  ion  of  the  excess  of  sulphuric 
aeid  are  driven  oft'.  The  fused  acid  sulphate  is  new  to  be  dissolved  in  an 
excess  of  water,  and  an  abundant  stream  of  hydrogen  sulphide  passed 
through  the  solution.  Toe  precipitate,  which  may  contain  arsenic,  anti- 
mony, bismuth,  lead,  mercury,  mid  silver,  is  separated  by  lil!  ration,  and 
the  nitrate  is  boiled  till  all  free  hydrogen  sulphide  is  removed.  The  liquid 
is  now  to  be  rendered  alkaline  with  ammonia,  and  boiled ;  the  precipitate 
of  iron  oxido  and  alum  inn.  which  ecu  era!  iy  tip  pears  in  I  his  place,  is  filtered 
off;  and  the  clear  solution  evaporated  to  a  small  hulk.  Thallium  sulphate 
then  separates  on  cooling,  hi  Ion;:,  clear  prismatic  crystals. 

Metallic  thallium  may  be  reduced  frnm  the.  solution  of  the  sulphate,  either 
by  electrolysis,  or  by  (he  action  of  line. 

Thallium  is  a  heavy  metal,  resembling  lead  in  its  physical  properties. 
When  freshly  cut,  ii  exhibits  a  brilliant  metallic  lustre  and  grayish  color, 
somewhat  between  those  nf  silver  and  lead,  assuming  a  slight,  yellowish 
tint  by  friction  with  harder  bodies.  It  is  very  soft,  being  readily  cut  with 
a  knife,  and  making  a  streak  on  paper  like  plumbago.  .11  is  very  malleable, 
is  not  easily  drawn  into  wire,  but.  may  be.  readily  squeezed  into  that  form 
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by  the  process  technically  called  "  Sipiiriing."  It  lias  n  highly  crystalline 
structure,  and  crackles  like  tin  when  beut.      It  melts  at  294°. 

In  contact  with  the  air,  thallium  tarnishes  more  mildly  than  lead, 
becoming  coated  with  a  thin  layer  of  oxide,  which  preserves  the  rest  of 
the  metal. 

The  most  chat-act  eri  si  ie.  prop  cay  of  tli:i  ilium  in  t  ho  intense  green  color 
which  the  metal  or  any  of  its  compounds  impart  to  a  colorless  flame;  and 
this  color,  when  viewed  by  toe  spectroscope,  is  seen  to  lie  absolutely  mono- 
chromatic, appearing  as  one  ir:t uii^-jly  brilliant  and  sharp  green  line. 

Thallium  dissolves  in  hydrochloric,  sulphuric,  and  nitric  acids,  the  latter 
attacking  it  very  energetically,  with  copious  evolution  of  red  vapors. 

Thallium  forms  two  classes  of  compounds —  namely,  the  thattioua  com- 
pounds, in  which  it  is  univalent. ;  and  the  :k-.dik  /■.■.■•:q>t,u:i<h,  In  which  it  is 
trivalent.  Thus  it  forms  r.wo  oxides,  '11,0  and  TLOa,  with  corresponding 
chlorides,  bromides,  iodides,  and  oxygon -!j.il  is.  in  some  of  its  chemical 
relations  it  resembles  i  lie  alkali -me  tills,  forming  :i  readily  soluble  and  highly 
alkaline  monoxide,  a  soiuhlo  and  alkaline  carbonate,  an  insoluble  platino- 
chloride,  a  thallio-aluuiinio  sulphate,  rimilar  in  form  and  composition  te 
ir'irtniLiin  potash  ahim,  and  several  phosphates  exactly  analogous  in  compo- 
sition to  the  phosphates  of  sodium.  In  most  respects,  however,  it  is  more 
nearly  allied  to  the  heavy  metals,  especially  to  ieail,  which  it  resembles 
closely  in  appearance,  density,  melting  point,  speciih:  heat,  and  electric 
conductivity. 

Thallium  Chlorides.  —Thallium  forms  four  chlorides,  represented  by 
the  formula)  T1C1,  T14C1„  T1,C14,  and  TICy  the  second  and  third  of  which 
may  be  regarded  as  compounds  of  the  jnouocklorido  and  trichloride. 

The  monochloride  or  T/itrUio'i"  citfrriil,.;  TU.'l,  is  formed  by  direct  combina- 
tion, the  metal  burning  when  heated  in  chlorine  gas;  or  as  a  white  curdy 
precipitate,  resembling  silver  chloride,  by  treating  the  solution  of  any 
thallious  salt  with  a  soluble  chloride.  When  boiled  with  water  it  dissolves 
like  lead  chloride,  and  separates  in  white  crystals  on  cooling.  It  forms 
double  salts  with  trichloride  of  gold  and  tetrachloride  of  platinum.  The 
platinum-salt,  2T1C1.  l'tt'lj.  separates  as  a  pale  yellow  very  slightly  soluble 
crystalline  powder,  mi  adding  p'.auuio  eh!;. ride  to  lhallions  chloride. 

The  trichloride,  or  Tindlu:  e.hhirhk.  TU.'lj.  is  obtained  by  dissolving  the  tri- 
ojtide  in  hydrochloric  acid,  or  by  acting  oiim  ;  liailiuui,  or  one  uf  the  lower 
chlorides,  with  a  large  excess  of  chlorine  at  a  gentle  heat.  It  is  soluble  in 
water,  and  separates  by  evaporation  in  a  vacuum  in  hyclrated  crystals; 
melts  easily,  and  decomposes  a',  a  high  '.emiu'rature.  It  forms  crystalline 
double  sails  with  (he  chlorides  of  the  alkali-metals. 

The  sesquichloridc,  Tl.,t'HB  -.-  T101.,.3T1C1,  is  produced  by  dissolving  th al- 
lium ov  the  monochloride  in  nitrouiiiriatie  acid,  and  separates  on  cooling 
in  yellow  crystalline  scales.  By  aqueous  ammonia,  potash,  or  even  by 
thallious  oxide,  ii  is  insiantly  decomposed  iruo  sesquioxide  and  mono- 
chloride, according  to  the  equation; 

2T1,C1„  -f  3KHO  =  TL,Os  +  6T1C1  +  3KC1  +  3HC1. 

The  dkhloride,  T1.C1,  =  TlCL/flCl,  is  formed  by  carefully  heating  thal- 
lium, or  the  monochloride,  in  a  slow  current  of  chlorine.  It  is  a  pale-yel- 
low substance  reii'ieed  lo  scs.[uiohloride  b\  further  heating. 

The  BnoMiDES  of  thallium  resemble  the  chlorides. 

Iodides.  —  Thallio us  iodide,  Til,  is  forme:!  by  direct  combination  of  its 
elements,  or  by  double  decomposition.  It  forms  a  beautiful  yellow  powder, 
rather  darker  than  sulplutr,  and  molting,  below  redness,  to  a  scarlet  liquid, 
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which,  as  the  mass  Cools,  remains  scarlet  for  Homo  iime  riftm.-  sol''iilie:L:iou. 
then  changes  L«  bright -yellow.  Tin::  tl v: i-h'l  preeipiiale,  n-lifii  spread  on 
paper  with  a  little  mini-wnrnr.  undergoes  ji  similar  but  opposite  change  to 
that  experienced  by  mercuric  iodide  when  heated,  the  yellow  surface  when 
held  over  a  flame.  suddenly  becomi;.;;  scarlet,  ami  frequently  remaining  so 
after  cooling  forscverul  days;  hard  friction  wit-h  a  glass  rod,  how  by  ur, 
changes  the  scarier,  color  back  to  yellow.  I!  is  very  slightly  soluble  in 
water,  requiring.  according  io  Crookes,  -1'WtH  parts  of  water  at  17'2°,  and 
842-4  parts  at  100°,  to  dissolve  it. 

Tkallic  iodide,  T1C13,  is  formed  by  (he  notion  of  thallium  on  iodine  dis- 
solved in  ether,  as  a  brown  solution  which  gradually  deposits  rhombic 
prisms.      It  forms  crystalline  compounds   with    the  iodides  of   the  alkali- 

metals. 

Thallium  Oxrm;s. —-Thalli-im  forms  a  monoxide  and  a  trioxide. 

The  monoxide,  or  Thallinus  oath,  Tl.,0,  constitutes  the  chief  part  of  the 
crust  which  forms  on  ilio  surface  of  Ihe  motnl  when  exposed  to  the  air.  It 
may  be  prepared  by  allowing  gviiimbilcd  thallium  10  nxidiie  in  wwminoist 
air,  and  then  boiling  with  water.  The  filtered  solution  first  deposits  white 
needles  of  thallium  carbonate,  and.  on  further  cooling,  yellow  needles  of 
the  hydrate,  T1H0  or  TljO.IL.O,  which,  when  left  over  "oil  of  vitriol  in  a 
vacuum,  yields  she  anhydrons  ;ni.iiio KJiio  an  ;i  reddi-h -biaei;  mass  retaining 
the  shape  of  the  crystals.  It.  is  partially  rednced  to  metal  by  hydrogen  at 
a  red  heat.  When  fused  -.villi  sulphur  it  yields  ;  hall  ions  sulphide.  It  dis- 
solves readily  in  water,  forming  a  colorless  slmngly  alkaline  solution,  which 
re-acts  with  metallic  salts  very  much  like  caustic  potash.  This  solution 
treated  with  zinc,  or  subjected  to  electrolysis,  yields  metallic  thallium. 

The  Irioxide,  or  TkaUi-:.  vri'h-,  is  the  chief  product  obtained  by  burning 
thallium  in  oxygen  gas.  It  is  host  prepared  by  adding  potash  to  the  solu- 
tion of  a  thallie  "salt,  anil  drying  liie  proeipiliilo  at  -Ji>()°  C.  (500°  F.).  It 
is  also  formed  by  elect  rolysls  of  i  hi:  II  ions  sulphate.  It  is  a  dark-red  pow- 
der reduced  to  thallious  oxide  nl  a  red  heat.;  neutral,  insoluble  in  water 
and  in  alkalies,  Thallie  hydrate,  Tl"/HOi!,  is  obtained  by  drying  '.he 
above-mentioned  precipitate  at  100°. 

Oxygen  Salts.  — Both  the  oxides  of  tlial'hmi  dissolve  readily  in  acid?;, 
forming  crystalline  salts,  soluble  in  water;  there  are  also  a  few  insoluble 
thallium  salts  formed  by  double  decomposition. 

T/ialliiiiis  Uurlioi'ji'i;  I'O^Tl.,,  is  deposiied  in  orystals.  apparently  trimetrie, 
when  a  solution  of  thaliious  oxide  i«  exposed  to  the  air.  It  is  soluble  in 
water,  and  the  solution  has  a  slightly  caustic  lasto  and  alkaline  reaction. 

Sulphates.  —  Thallious  sulphate.  K04TL,  obtained  by  evaporating  the 
ehloride  or  nitrate  with  sulphuric  acid,  or  by  healing  metallic  thallium 
with  that  acid,  crysialli/os  in  anhydrous  mom  bio  prisms,  isomorphous  with 
potassium  sulphate.  It  forms,  with  altiioininni  •ulphule,  the  salt  (S04)a 
A1"'T1. 120H;,  isomorphous  with  common  alum'  and  with  the  sulphates 
of  magnesium,  nickel,  fa:.,  double  salts  containing  ti  molecules  of  water, 
and  isomorphous  with  magnesium  and  potassium  sulphate,  &e.  (p.  349). — 
Thallie  sulphate,  (S()4l3Ti/'/.T0ri3.  separates  by  evaporation  from  a  solution 
of  thallie  oxide  in  diouc  sulphuric  acid,  in  itm  en!  :n  less  laminte,  which  are 
decomposed  by  water,  even  in  the  cold,  with  separation  of  brown  thallie 

Phosphates.  —  The  thn'lions  phosrhat.es  form  a  series  nearly  as  complete 
as  those  of  the  alkali -metals,  which  they  aiso  resoluble  in  their  behavior 
when  healed.  There  are  three  Gr!!,oii!n.i.->piui:cs  containing  respectively-  TO, 
HjTl,  I'0,HT12,  and  r04Tl,.  The  first  two  are  stdul.de  in  water;  the  second 
is  obtained  by  neutralising  dilute  phosphoric  acid  at  boiling  heat  with  thai- 
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lious  carbonate;  arid  the  first  !jy  mixing  u;«  d: r li^P'-.-.n^  salt  with  excess  of 
phosphoric  acid.  The  trithu'iiaas  salt.  I'd/I'l,,  is  very  sparingly  soluble, 
and  is  formed  as  a  try,- tut  Line  precipitate  mi  nn_\ing  the  saturated  solutions 
■of  ordinary  disodie  puospha.te  and  thallious  sulphate;  also,  togother  with 
ammonio-thallions  phosphate,  by  treating  Hit!  mount  lia'lious  or  ditballious 
salt,  with  excess  of  ammonia.  Theee  am  two  tlntl.lhn.in  yttraphosphatet,  P.,0, 
H2Tlj  and  l?aO  7T14,  both  very  soluble  iu  water :  tin1  first,  produced  by  care- 
fully beating  nionoilmlliotis  ortiiophospbare,  the  second  by  strongly  healing 
dithallious  orlhophosphate.  Of  thallious  inrtu]j/iv.i/i!:tii<;  P03T1,  there  are 
two  modifications:  l he  lirsl  remaining  as  a  slightly  soluble  vitreous  mass 
when  monolhallious  oriluipliusphatc  it  -tconely  ignited,  the  second  ohtained 
as  an  easily  soluble  glass  by  igniting  animoiiLn-i.hallions  oi  l.ho  phosphate. 

ThalUe  orthophosp/iate.  PO./1'l"'.  -Oil.,  separates  as  an  insoluble  gelatinous 
precipitate  on  diluting  a  solution  of  thallic   nitrate  mixed  with  phosphoric 

Thallium  8ui.ru  ihm,  T1..S.  — This1  i;..rn  i.rutii.l  is  pi  K-i  pi  tared  from  all  thal- 
lious salts  by  ammonium  sulphide,  and  from  the  acetate,  carbonate,  or 
oxalate,  by  hydrogen  sulphide  ( incompletely  also  1Y0111  I  be  nitrate,  sulphate 
or  chloride),  in  dense  floe!;?  of  a  grayish  or  brownish  black  color.  Thallio 
salts-appear  to  be  reduced  to  thuliums  sails  by  boiling  with  ammonium 
sulphide.  Thallium  sulphate  projected  inl..i  fused  polnssium  cyanide  is  re- 
duced to  Sulphide,  which  I  hen  forms  a  brittle  metallic-looking  mass,  having 
the  lustre  of  plumbago,  and  fusing  mure  readily  than  metallic  thallium. 

Reactions  of  Thallium,  salts.  —  The  reactions  of  thal'dons  salts  with  hydrogen 
sulphide  and  ammonium  sn'phidc  have  .just-  been  mculioiied.  From  their 
aqueous  solutions  thallium  is  rapidly  piceipiinted  in  metallic  crystals  by 
state,  slowly  by  iron.  Sn/uh'e  eUnfidm  prceipitntc  difficultly  soluhle  white 
thallious  chloride;  soluble  hrtuuhli-s  throw  down  white,  nearly  insoluble 
bromide;  soluble  kulal'-s  precipitate  insoluble  yellow  thallious  iodide. 
Caustic  alkalies  and  alh-ulhi?  c«rhaaa!«?  J'ornt  no  precipitate;  sodium  phos- 
phate forms  a  while  precipitate,    insoluble   in   ammonia,  easily  soluble  in 

J'otassimit  chyomate  gives  tt  yellow  precipitate  of  ttmlliuus  chromate,  in- 
soluble in  cold  nitric  or  sulphuric  acid,  but  turning  orange-red  on  boiling 
in  the  acid  solution.  — I'littinir  t-hivritie.  precipitates  a  very  pale-yellow  in- 
soluble double  salt. 

Thallic  salts  are  easily  distinguished  from  thallious  salts  by  their  be- 
haviour with  alkalies,  and  wil  h  solul.ee  chlorides  or  bromides.  Their  solu- 
tions give  with  ttmintmv.!,  and  with  jixi-il  u/l\diys  and  i  heir  carbonates,  a  brown 
gelatinous  precipitate  of  IhaHie  oxide,  containing  the  whole,  of  the  thallium. 
Soluble  chlorides  or  l.-yom-dcs  produce  no  precipitate  in  solutions  of  pure 
thallic  salts;  but  if  a  thallious  sail  is  likewise  present,  a  precipitate  of 
scsquichloride  or  sosqtiihromide  is  formed,  thaitc  acid  forms  in  solutions 
of  thallic  salts  a  white  puhcruleut  precipitate;  pl.osfdinric  acid  a  white 
gelatinous  precipitate;  and  arsenic  acid,  a  yellow  gelatinous  precipitate. 
Thallic,  nitrate  gives  v.ilh  y.-i/'istlum.  fii-r-jaatnit/e  a  green,  and  with  the  ferri- 
aiitniA-i  u  yellow  precipitate. 

In  examining  a  mixed  meiallic  solution,  thallium  will  be  found  in  the 
precipitate  thrown  down  bj  ammonium  sulpkuLe,  logoi  her  with  iron,  nickel, 
iH:;:i!i'-r,  s-.  l':i;m  ilirse  im.oals  it.  may  be  easily  separated  hy  precipi- 
tation with  polassitnn  iodide  or  pLuinic  chloride,  or  by  reduction  to  the 
metallic  state  with  line. 

Thallium  salts  are  reduced  before  the  blowpipe  with  charcoal  and  sodium 
carbonate  or  poltissium  eyauiile.  The  green  cuji;r  imparted  to  Game  by 
thallium,  and  the  peculiar  character  of  its  spectrum,  have,  already  been 
mentioned. 
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Atomic  weight,  1967.     Symbol,  Au  (Aurum). 

Gold,  in  small  quantities,  is  a  very  widely  dill'tisoil  metal :  traces  of  it  are 
Constantly  found  in  the  iron  pyrites  nf  the  more  ancient  rocks.  It  is  always 
met  with  in  the  metallic  -ta:e,  sometime-;  lie  am  ;  fully  crystallized  in  the  cubic 
form,  associated  with  quart/,  iron  oxide,  and  ullioi"  sab  stances,  in  regular 
mineral  veins.  The  sands  of  various  ri  vi'i-s  have  Ion;?  furnished  gold  derived 
from  this  source,  and  separable  :>y  a  simple  process  uf  washing;  such  is  the 
gold-dust  of  commerce.  When  a  veinstone  is  in-ianrhi  for  sold,  it  is  stamped 
to  powder,  and  sunken  in  a  suitable  apparatus  with  ivatev  and  mercury;  an 
amalgam  is  thus  formed,  which  is  al'crwards  separated  from  the  mixture 
and  deoomposed  by  distillation.  Formerly,  Hie  chief  supply  of  gold  was 
obtained  from  the  mines  of  Brazil,  Hungary,  and  (lie  Ural  mounts' 
California  and  Australia  now  vicld  by  far  the  largest  quantity, 
gold-field  of  British  Columbia  is  also  'very  productive. 

Native  gold  is  almosi  always  alloyed  with  silver.  The  purest  b] 
have  been  obtained  iVmn  Sehahi'o'.'.'slci,  near  Kathariucuburg,  in  the  Ural. 
A  specimen  analyzed  by  Gustm'  liow:  was  i'onnd  to  contain  1*8-96  per  cent, 
of  gold.  The  CaliliivuiiLii  sold  arcages  fYom  H'<<>  to  88-!i  per  cent.,  and 
the  Australian  from  '.Hi  tol'tHiper  com..  In  some  specimens  of  native  gold,  as 
in  that  from  Linarowsbi,  in  tfie  Altai  mountains,  t'ie  percentage  of  gold  is 
as  low  as  fill  per  cent,,  the  remainder  being  .silver.  There  is  also  ail  auri- 
ferous silver  found  ar.  Kom^sbevg,  in  II  i;naa  ry,  cunlainmg  28  per  cent,  of 
gold  and  72  of  silver. 

Pure  gold  is  obtained  from  its  alloys  by  solution  in  uili'0-muriatic  acid 
and  precipitation  with  a  ferrous  salt,  which  reduces  the  gold,  and  is  itself 
converted  into  a  feme  salt,  thus: 

6S04Fe  +  2AuCl3  =  2C90AP©"',  +  Fe'"aCI8  +  Aus. 

The  gold  falls  as  a  brown  powder  which  acquires  the  metallic  lustre  by 
friction. 

Gold  is  a  soft  metal,  having  a  beautiful  yellow  color.  It  surpasses  al! 
other  metals  in  malleability,  tin;  thinnest  gold  leaf  not  exceeding,  it-  is  said, 
sot>'"t>Or>  °^  an  ',lt;"  -rl  thickness,  while  I  lie  gilding  en  the  silver  wire  used  in 
the  manufacture  of  tpld-luu  is  still  thinner.  It.  may  also  be  drawn  into 
very  fine  wire.  Gold  has  a  density  of  1  'ho :  it.  melts  at.  a  temperature  a 
little  above  the  fusing  point,  of  silver.  Neither  air  nor  water  affects  it  in 
the  least  at  any  temperature ;  the  ordinary  acids  fail  to  attack  it  singly.  A 
mixture  of  nitric  and  hydrochloric  acids  diss  aires  £oai,  however,  with  ease, 
the  active  agent  beiai;  the  ;i  be  rated  chlorine. 

Gold  forms  two  series  of  compounds :  the  /ixmrm  compounds,  in  which  it  is 
univalent,  as  Audi,  Au,;0,  tie.,  and  lite  auric  compoaii'l,  in  which  it  is  triva- 
lent,  as  Au'"Cl3,  Au'"sOj,  &c. 

Chlorides..— 'fhe  mo/u:chln,-idc  or  Aiirni's  ddoriiif.,  AuCl,  is  produced  when 
the  trichloride  is  evaporated  to  dryness,  and  exposed  i  o  a  heat,  of  227°  C. 
(140°  F.),  until  chlorine  eea.-es  to  bo  exhaled.  It  forms  a  yellowish- white 
mass,  insoluble  in  waler.  In  contact  with  that  liquid  it.  is  decomposed 
slowly  in  the  cold,  and  rapidly  by  the  aid  of  heat,  into  metallic  gold  and 
trichloride. 

The  trichloride,  or  Avrfc  chloride,  AuCl,,  is  tiie  most  important  compound 
of  gold:  it  is  always  produced  when  ^al.l  is  dissolved  in  nitro-muriatic  acid. 
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The  deep-yellow  solution  thus  obtained  yields,  by  evaporation,  yellow  crys- 
tal:- or'  the  doo hlc  chloride  of  grilil  and  hydrogen  :  when  this  is  cautinusly 
heated,  hydrochloric  acid  is  expelled,  sii'l  i.bc  residue,  on  cooling,  solidifies 
lo  a  red  crystalline  muss  of  auric  chloride,  vuvy  deliquescent.,  and  soluble  in 
water,  alcohol,  and  ether.  Auric  chloride  combines  with  :i  number  of  me- 
tallic chlorides,  forming  :i  scries  of  double  salts,  called  cIdm-o-mtral.es,  of 
which  the  general  formula  in  tlie  anhydrous  slate  is  M(!l.AuCl3,  M  repre- 
senting an  atom  of  a  monad  metal.  Those  compounds  tire  mostly  yellow 
when  in  crystals,  and  red  when  deprived  of  witter.  The  ammonium  null, 
NH^Cl.AuCi].  OiI2,  tryst  alii-/ os  in  transparent  needles;  the  sodium  salt, 
NaCI,AuCls,20If2,  in  Insig  four-side'!  prisms.  Auric  chloride  likewise  forms 
crystalline  double  salts  with  lite  hydrochlorides  of  many  organic  bases. 

A  mixture  of  auric,  chloride  with  excess  of  acid  potassium  or  sodium  car- 
bonate is  used  for  gilding  small  ornamental  anicirs  of  copper:  these  are 
cleaned  by  dilute  nitric  acid,  and  then  boiled  in  the  mixture  for  some  time, 
by  which  means  they  acquire  a  thin  but  perfect  coating  of  reduced  gold. 

OxiilES. —  The  moiiK-kli,  or  Auront  osk'i,  is  produced  when  caustic  potash 
in  solution  is  poo  re.  1  upon  I  he  u  tonne  Mo  ride.  It  is  a  green  powder,  partly 
soluble  in  the  alkaline  liquid  ;  the  solution  rapidly  decomposes  into  metallic 
gold,  which  subsides,  atnl  smt-io  oxide,  which  rr.iuaihs  dissolved. 

Triaxidc,  or  Auric  oxide,  Au03.  —  When  magnesia  is  added  to  auric  chlor- 
ide, and  the  sparingly  -olublo  nitrate  of  magnesium  well  washed  and 
digested  with  nitric  acid,  anrio  oxide  is  left  as  an  insoluble  reddish-yellow 
powder,  which  when  dry  becomes  clicsi  nut-brown.  It  is  easily  reduced  by 
heat,  and  also  by  mere  exposure  to  light;  ii  is  insoluble  in  oxygen- at  ids, 
with  tho  exception  of  s'roug  nitric  acid,  insoluble  in  hydrofluoric  acid, 
easily  dissolved  by  hydrochloric  and  hydrolirotuic  acids.  Alkalies  dissolve 
it  freely:  indeed,  the  acid  properties  of  this  substance  are  very  strongly 
marked;  it  partially  decomposes  a  solution  of  potassium  chloride  when 
boiled  with  that  liquid,  potassium  hydrate  being  produced.  When  digested 
with  ammonia,  it.  yields  fulmimi; luc  gold  consisting,  according  to  Berzelius, 
of  A.u,03.4NH3OHs. 

The  compounds  of  auric  oxide  with  alkalies  arc  called  attraies.  The 
potassium  salt,  Au,('yOK, .  (SOU..,  or  AuOJv.  .'10JJ2,  is  a  crystalline  salt,  the 
solution  of  which  "is  sometimes  used  as  a  bath  fur  electro-gilding.  A  com- 
pound of  aurate  and  acid  sulphite  of  potasdum,  or  jm-tuiiam  iturosulphilc, 
2(AnOjK.4SQ,HK).  Oil,,  is  deposited  in  yellow  needles  when  potassium 
sulphite  is  added, 'drop  by  drop,  to  an  alkaline  .solution  of  potassium  a  urate. 

Gold  shows  but  little  tendency  to  form  osy  gen-salts.  Auric  oxide  dis- 
solves in  strong  nitric  acid,  but  the  solid  cm  is  decomposed  by  evaporation 
or  dilution.  A  sodio-a!ir.'jn.i  hni-iwhiiiiit:  jci.,0..i.,.\i!\aJ.2UllJ,  is  prepared  by 
mixing  tho  concentrated  solutions  of  auric  chloride  ami  sodium  hyposul- 
phite, and  precipitating  with  alcohol.  .It  is  very  soluble  in  water  and 
crystallizes  in  colorless  needles.  Tt.s  solution  is  used  for  fixing  daguerreo- 
t  ■,  pe.  pictures.  Hit  It  barium  chloride,  it  yields  a  gelatinous  precipitate  of 
barhi-iiuroUH  hi/jioiKipiute,  (  S.l  1,,  ijAu5Ba"8. 

8tiLPHir.ES.  —  Aurons  sidphidc.  Aiis?,  is  formeil  its  a  dark-brown,  almost 
black  precipitate  when  hydrogen  sulphide  is  passed  into  a  boiling  solution 
of  auric  chloride.  It.  forms  sulphur- sails  with  the  mounsulp  hides  of  potas- 
sium and  sodium.  Auric,  md.pi,d!i\  Au,S3,  is  precipitated  in  yellow  flocks 
when  hydrogen  sulphide  is  passed  into  a.  cold  dilute  solution  of  auric 
chloride.      Both  these  sulphides  dissolve  in  ammonium  sulphide. 
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gold;  also  hy  the  brownish  purple  procipitale,  culled  "Purple  of  Cassius," 
formed  when  staniviun  r/i!i,ri<k  is  added  to  dilute  gold  solutions.  The  com- 
position of  this  precipitate  is  not  esaeily  known,  hut  after  ignition  it 
doubtless  eonsisls  ul'  a  mixture  of  stannic  oxide  ami  metallic  gold.*  It  is 
used  in  enamel  painting. 

Oxalic  acid  slowly  i-t.'ilmjfis  j£h ■  f ■  I  to  tho  metallic  state  ;  to  insure  complete 
precipitai  iiiri,  the  gold -solution  must  he  digested  wil.li  it  for  '1  I  hours.  For 
the  ejiamiviiiivo  analysis  of  it  sohu.ion  containing  pold  anil  other  metals, 
osalie  acid  is  in  most  cases  a  more  convenient,  precipitant  than  ferrous  sul- 
phate; inasmuch  as,  if  11m  quantities  of  Hie  oilier  metals  aro  also  to  be 
determined,  the  presence  of  a  large  quantity  uf  iron  salt  may  complicate 
the  analysis  considerably. 

Gold  intended  for  coin,  and  most  oilier  pi iv poses,  is  always  alloyed  villi 
0  certain  proportion  of  silver  or  copper,  to  increase  its  hardness  and 
durability:  the  first-named  metal  confers  a  pule  greenish  color.  English 
Standard  gold  contains  ,'.,  of  M.'lny,  now  :ilw:iys  eopper.  Gold  when  alloyed 
with  eoppor  may  be  ..■-.! iin.-Lif.l  by  fusion  in  a  <-itpel  with  lead,  in  the  same 
way  as  in  the  alloy  with  silver.  If  the  alloy  be  tree  from  silver,  [he  weight 
of  the  globule  of  gold  left  in  the  cupel  will,  aftei'  repeated  fusions,  accu- 
rately represent  (lie  quantify  of  gold  which  is  present  in  the  alloy.  But 
if  the  alloy  contains  silver,  thru  metal  romai'is  with  tlie  gold  after  cupella- 
tion.  In  this  case  'lie  srigina'.  alloy,  cmLsi-liiig  of  gold,  silver,  and  copper, 
is  fused  in  the  muffle  together  wi;h  lead  and  silver;  i.lie  alloy  of  gold  and 
silver  remaining  afiev  cupcllation  is  then  boiled  with  nitric  acid,  which 
dissolves  tho  silver.  Hie  gold  being  lefl  behind.  By  treatment  of  the  alloy 
of  gold  and  silver  with  nitric  acid,  an  accurate  separation  is  obtained  only 
when  the  two  mends  are  present,  in  cerlaiu  proportions.  If  tho  alloy  con- 
tains but  little  silver,  dial-  metal  is  protected  from  the  action  of  the  nitric 
acid  hy  the  gold;  again,  if  il  oomaitis  loo  mueli  silver,  tlie  gold  is  left  as  a 
powder  when  the  silver  is  dissolved  out.  Hxporienoo  lias  shown  that  the 
most  favorable  proportions  are  £  gold  to  \  silver ;  the  gold  is  then  left 
pure,  retaining  the  original  shape  of  the  alloy,  ami  can  he  easily  dried  and 
weighed.  The  quantity  of  silver  which  is  added  to  the  alloy  must  there- 
fore vary  with  tlie  amount  of  gold  which  it  contains. 

Gold-leaf  is  made  by  rolliuj;  out  plates  of  [  •■•■  gold  a."  th.ln  as  possible, 
and  then  beating  I  Item  between  folds  of  membrai-M  with  a  heavy  hammer, 
until  the  requisite  decree  or  tenuity  has  ben.  rc.iched.  'I  he  leaf  is  made 
to  adhere  to  wood.  \e.,  hy  she  or  varnish. 

Gilding   on   copper    has  very  generally  been    porf.n' ]    I  v  dipping    the 

articles  into  a  solution  of  mercury  nitrate.  ;.i  !  ■h.ui  shaking  them  with 
a  small  lump  of  a  soft  inalpiii  of  gold  wi'h  that  rretai.  which  thus  be- 
comes spread  over  their  surfaces:  the  artic.-.s  are  vuhscojcnily  heated  to 
expel  the  mercury,  and  then  burnished.  Gill  ug  on  steel  is  done  either 
by  applying  a  solution  of  auric  chloride  in  el  her,  or  hy  roughening  the  stir- 
face  of  the  metal,  heating  it,  and  applying  gold-leaf  with  a  burnisher. 
Gilding  by  electrolysis  —  an  elegaul  and  simple  meihud.  now  rapidly  super- 
Reding  many  of  the  others-— has  already  been  noticed.  The  solution  usu- 
ally employed  is  obtained  hy  dissolving  mine  or  cyanide  of  gold  in  a  solu- 
tion of  potassium  cyanide. 
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CLAPS  IV.— TETRAD  METALS. 
GROUP   I.  — PLATINUM    METALS. 


Atomic  weight,  197-4.     Symbol,  Pt. 

PLATINUM-,  palladium,  rhodium,  iridium,  ruthenium,  and  osmium,  form 
a,  group  of  metals,  allied  in  some  caws  by  properties  in  common,  and 
still  more  closely  by  their  natural  association.  Crude  platinum,  a  native 
alloy  of  platinum,  palladium,  rhodium,  iridium,  and  a  little  iron,  occurs 
in  grain 3  anil  ri;'IeU  masses,  some!  imes  of  nilora'aly  1  ri ?' u; i-  ■  I i 1 1 : i  i i ~ i ■: . l l - .  r:::xed 
with  gravel  and  transported  materials,  on  the  slope  of  the  Ural  mountains, 
in  Russia,  in  Brazil,  ana  Ceylon,  ami  :i  s  few  oilier  places.  It  lias  never 
been  seen  in  the  rock,  which,  however,  is  judged  from  the  accompanying 
materials  to  have  been  serpentine.  It  is  slated  "10  lie  always  present  in 
small  quantities  with  native  silver. 

From  this  substance  platinum  is  prepared  by  the  following  process:  The 
crude  metal  is  act  oil  opon  as  far  as  possible  by  n-iro-muriatie  acid,  contain- 
ing an  excess  of  hydrochloric  acid  and  slightly  diluted  with  water,  in  order 
to  dissolve  as  small  a  quantity  of  iridium  as  possible:  lo  the  deep  yellow- 
ish-red and  highly  item  solution  thus  produced,  sal-auimoniao  is  addod,  by 
which  nearly  the  whole  of  ihe  plat.iuuin  is  thrown  down  in  the  state  of  am- 
monium platiiiochloridc.  This  substance,  washed  with  a  little  cold  water, 
dried,  and  heated  to  redness,  leaves  melallie  platinum  in  (he  spongy  state. 
This  metal  cannot  be  fused  into  a  compact  mass  by  ordinary  furnace-heat, 
but  the  same  object  may  bo  accomplished  by  lakine:  advantage  of  its  prop- 
erty of  welding,  like  iron,  at  a  high  temperature.  The  spongy  platinum 
is  made  into  a  thin  uniform  pasi.e  uli.h  wa.tor,  introduced  into  a  slightly 
conical  mould  of  brass,  and  subjected  to  tt  graduated  pressure,  by  which 
tho  water  is  squeezed  out,  and  i  lie  mass  rendered  at  length  •mfheiently  solid 
to  bear  handling.  It  is  then  dried,  very  carefully  heated  to  whiteness,  and 
hammered,  or  subjected  re  powerful  pressure.  If  this  operation  is  properly 
conducted,  the  platinum  will  xhe.n  be  in  a  state  lo  bear  forging  into  a  bar, 
which  can  afterwards  bo  rolled  into  plaies,  or  drawn  into  wire,  at  pleasure. 

A  method  for  refining  platinum  lias  lately  boon  promised  by  MM,  Uevillo 
and  Debray.s  It  consists  in  submitting  the  crude  met  a',  to  the  action  cf  an 
intensely  high  temperature  in  a  crucible  of  lime.  The  apparatus  they  em- 
ploy is  as  follows:  The  lower  part  of  the  furnace  consists  of  a  piece  of 
lime,  hollowed  out.  in  the  con  I  re  (o  rhe  depth  of  about  a  quarter  of  an  inch  ; 
a  small  notch  is  filed  at  one  side  of  this  basin,  through  which  the  metal 
is  introduced  and  poured  out.  A  rover  made  of  another  piece  of  lime  fits 
on  the  top  of  this  basin  ;  it  is  also  hollowed  to  a.  small  extent,  and  has  a 
conical  perforation  at  the  top,  into  which  is  inserted  the  nozzle  of  an  oxy- 
hydrogen  blowpipe.  The  whole  arrangement  is  firmly  bound  with  iron 
wire.  To  use  the  apparatus,  the  stopcock  supplying  l.hc  hydrogen  (or  coal 
gas)  is  opened  and  the  gas  liglu  ed  at  the  notch  in  the  crucible ;  the  oxygen 
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is  then  gradually  supplied;  and  when  the  furnace  is  sufficiently  hot,  the 

metal  is  introduced  in  smaii  pieces  throt.ob  the  oi'iiice.  liy  this  arrange- 
ment as  much  as  60  pounds  of  platinum  :iml  more  may  bo  fused  at  once. 
All  the  impurities  in  Hie  platinum,  except  the  iridium  And  rhodium,  are 
separated  in  this  manner:  the  gold  and  palladium  arc  volatilised;  the 
sulphur,  phosphorus,  arsenic,  arid  osmium,  oxidinod  and  volatilized;  and 
the  iron  and  copper  oxidized  and  absorbed  by  the  lime  of  the  crucible. 
.  Platinum  is  a.  little  whiter  limn  Iron:  ii  is  exceedingly  malleable  and 
ductile,  both  hot  and  cold,  and  is  very  infhBJble,  melting  only  before  the 
oxy-hydrogen  blowpipe,  or  in  the  powerful  filail-fnmace  just  described. 
It  is  the  heaviest,  substance  known,  if-  specific  gravity  being  21  5.  Neither 
air,  moisture,  nor  I  lie  ordinary  acid.-  nil  nek  platinum  in  the  slightest  degree 
at  any  temperature:  hence  it*  great  value  in  tin:  construction  of  chemical 
vossels.  It  is  dissolve!  by  n:troi;:urintio  acid,  and  superficially  oxidized 
by  fused  potassium  hydrate,  wiiicli  enters  inro  combination  with  the  oxide. 

The  remarkable  property  of  the  spongy  metal  lo  dclcrinine  the  union  of 
oxygen  and  hydrogen  h:is  been  iilrcitdv  Hoiieed.  There  is  a  still  more 
curious  state  in  which  platinum  ear,  be  obtained  —  that  of  platinum-black, 
in  which  the  division  is  carried  much  further.  [I,  is  easily  prepared  by 
boiling  a  solution  uf  plalinio  chloride,  to  which  an  excess  of  sodium  car- 
hni.fsTe.  iLiul  :i  (['.nullity  of  sugiir  have  been  added,  until  (ho  precipitate 
formed  lifter  a  little  time  lieooiues  pertVcily  bluci-i,  and  t!:e  superr,:it:,ut 
liquid  colorless.  The  blnck  powder  is  collected  on  a  filter,  washed  mid  dried 
by  gentle  heat.  This  .substance  appears  to  possess  the  property  of  con- 
densing gases,  more  especially  oxygen,  into  its  pores  to  a  very  great  extent; 
when  placed  in  com  not  with  a  solution  of  formic  acid,  it  converts  the  latter, 
with  copious  effervesconoe,  into  carbonic  acid  ;  alcohol,  dropped  upon  the 
platinum-black,  becomes  changed  by  oxidation  to  acetic  acid,  the  rise  of 
temperature  being  often  sufficiently  groat,  lo  cause  inflammation.  When 
exposed  to  a  rcd-hca:,  the  black  substance  shrink-  in  volume,  assumes  the 
appearance  of  comnum  spongy  phiLintiin,  and  lose-  ihcse  peculiarities,  which 
arc  no  doubt,  the  result  of  ils  excessively  coinnii tinted  state. 

Platinum  forms  two  series  of  compounds :  the  phttiiiims  compounds,  in 
which  it  is  hivalent,  s. g.  Pt"Ci.„  I't'-'O,  and  the  pta.OVuc  mmpuunds,  inwhieli 
it  is  quadrivalent,  n.</„  Pt^Clj,  lV'Oj,  &o. 

Chlorides. —  The  dicldoridf.,  or  riathtovn  chloride,  Pf'CIj,  is  produced 
when  platinic  chloride,  dried  and  powdered,  is  exposed  for  some  time  to 
heat  of  about  200°,  whereby  bidf  the  chlorine  is  expelled ;  also,  when  sul- 
phurous acid  gas  is  passed  into  :i  solution  of  the  tetrachloride  until  the 
latter  ceases  to  give  a  precipitate  with  snl-utumoiiiae.  It  is  a-greenish-gray 
powder,  insoluble  in  water,  tint  dissolve.!  by  hydrochloric  acid.  The  latter 
solution,  mixed  with  s;il -ammoniac  or  potassium  chloride,  deposits  a  double 
salt  in  tine  red  prismatic  crystals,  containing,  in  the  last  case,  2KCl.PtClr 
The  corresponding  sodium  compound  is  very  su'.ulde  and  difficult  to  crys- 
tallize. These  double  salts  arc  called  jd<!!i>iv.>.e,-e;<ic,rid!:n  or  diloroploti7el1.es. 
Platinous  chloride  is  tie  cor::  posed  by  he::  I  ir.i  n  chlorinu  an  J  uielaUic  platinum. 

Tbe  tetrachloi-ide,  or  I'littinte  e.ldmule,  riL'CI4,  is  always  formed  when 
platinum  is  dissolved  in  iijt.vo-iuuriatic  acid.  The  acid  solution  yields,  on 
evaporation  to  dryness,  a  red  or  brown  residue,  deliqneaoent,  and  very 
soluble  both  in  water  and  in  alcohol:  the  ii([iieous  solution  has  a  pure 
orange -yellow  tint.  I'hlinic  chloride  unites  with  a  great,  variety  of  metal- 
lic chlorides,  forming  double  suits  culled  id>tihto-c!dt>ridet  or  cht/iri:-jilj.i  tin  ales ; 
the  most  important  of  those  compounds  are  i nose  coukihiiug  the  metals  of 
the  alkalies  and  ammonium.  I'ntasuute,  ■ldai.liiotide„k!c,  iiKCl.PtCl,,  forms  a 
bright  yellow  crystalline  pveeiiiiiuie,  being  prod  need  whenever  solutions 
of  the  chlorides  of  platinum  and  of  poiass;u:u  are  mixed,  or  a  potassium 
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salt  mixed  with  a  lil  lift  liydi-ochlocie  acid  in  added  to  platinum  tetrachloride. 
It  is  feebly  soluble  in  water,  still  less  soluble  in  dilute  alcohol,  and  is  de- 
composed with  flume  difficulty  by  heal.  J.l  is  easily  reduced  by  hydrogen 
at  a  high  temperature,  yielding  a  uiixim-e  at  potassium  chloride  and  plati- 
num-black: the  billee  substance  may  inns,  indued,  be  very  easily  prennred. 
The  sijiliitm-.-r.il/.,  iNai.'l.l.'it.'l,  i'OII.,,  is  very  soluble,  crystallizing  in  large, 
transparent,  yellow-rod  prisms  of  iii-out.  beauty.  The  ntninunium-sitlt,  2i\II, 
Cl.rtClj.  is  undistiuguisliabk,  in  |jhys.ical  character*,  from  the  potassium- 
salt;  it  is  thrown  down  an  a  precipiiate  nf  small,  transparent,  yellow,  octo- 

hedral  crystals  when   ?al-ai oniac   is   uitsi'd  with    plafiuie  chloride;   it  is 

bat,  feebly  soluble  hi  water,  still  le;ss  so  in  dilute  alcohol,  and  is  decomposed 
hy  heat,  yielding  spongy  platinum,  while  sal  -am monism,  hydrochloric  acid, 
and  nitrogen  are  ilriveu  otf.  i'lalinic  chloride  also  forma  cry  stall  iza  bio 
double  salts  with  the  hydrochlorides  of  many  organic  bases;  with  ethyla- 
mine,  for  example,  the  compound,  tlfM  II  ,i;(:/ls}HCl].PtCl4. 

The  bromides  and  c-a.-'.-A-..-  i.-.i'  ,-.'.■:■/.■.■. :m  are  analogous  in  eempositinn  to  the 
ehlvriden,  and  likewise  I'ui-ni  double  nabs  with  alkiiiuo  bromides  and  iodides. 

Oxides,  —  The  mamrxids,  or  71-ittlnous  oxide,  I't'-'O,  is  obtained  hy  digesting 
the  dichloride  with  caustic  potash,  an  a  black  powder,  soluble  in  excess  of 
alkali.  It  dissolves  -also  in  sieids  with  brown  color,  sind  the  solutions  are 
not  preoipitat.ed  by  sal-ammoniae.  "When  platinum  iliu.x.idc  is  heated  with 
solution  of  oxalic  aeid,  it  is  redueed  to  monoxide,  which  remains  dissolved. 
The  liquid  has  a  dark-blue  Color,  and  deposits  line  copper-red  needles  of. 
phitiuous  oxalate. 

The  dioxide,  or  Phd'aik  nxidi;  \'V'()r  is  host  prepared  by  adding  barium 
nitrate  to  a  solution  of  plaiinio  sulphate;  barium  sulphate  and  platinic 
nitrate  are  then  pi-odueed,  and  from  the  latter  caustic  soda  precipitates 
one  half  of  the  platinum  as  »■■'■■■'.■' i i,ii;  hiiL-ule.  The  sulphate  is  itself  obtained 
by  acting  with  strong  nitrie  aeid  up.-i;  pi.n  iiunn  bisulphide,  which  falls  as 
a  blaoli  powder  when  a  sohu  ion  of  the  tetrachloride  is  dropped  into  potas- 
sium sulphide,  l'iatinio  hydi-aio  is  a  bulky  bj-owti  powder,  which,  when 
gently  heated,  becomes  black  and  anhydrous.  It  may  also  be  formed  by 
boiling  platinic  chloride  with  a  great  excess  of  eau.Hie  suda,  sind  then  adding 
acetic  acid.  It  dissolve-;  itL  acids,  smd  sil-o  combines-  with  bases:  the  salts 
have  a  yellow  or  red  tint,  ami  a  sircnf.  disposition  in  unite  with  salts  of  tho 
alkalies  and  alkaline  earths,  giving  rise  to  a  series  of  double  compounds, 
which,  are  not  precipitated  hy  execs-  of  alkali.  A  combination  of  platinio 
oxide  with  ammonia  exists,  which  is  explosive.  Both  oxides  of  platinum 
are  reduced  to  flic  metallic  state  by  ignition. 

SniPHiDES.  —  The  compounds  Pt"S  and  PP'K,  arc  produced  by  the  action 
of  hydrogen  sulphide,  or  the  sulph-hydraie  uf  an  alkali -metal,  on  the  di- 
chloride and  tetrachloride  nf  platinum  respectively;  they  are  both  black 
substances,  insoluble  iti  water.  Platiuie  sulphide  lieaied  in  a  close  vessel 
gives  off  half  its  sulphur  and  is  reduced  U.-.  olai.inous  sulphide.  It  dissolves 
in  alkaline  hydrates,  cai-bonsiie.s.  and  sulphides,  forming  salts  called  sulpho- 
j/kdmates,  wliiidt  sire  decomposed  hy  acids. 

Ammoniacai  f'uiunuin-  Coi/imn/in!,: 
The  chlorides,  oxides,  sulphates,  fee,  of  platinum  aro  capable  of  taking 
up  two  or  move  molecules  ■:■!'  auimonisi,  and  tot-ruing  compounds  analogous 
in  many  respects  to  (.he  amtnoniaoal  mercury  compounds  ali-oady  described. 
There  are  live  series  oi"  i  liesc  coin[mi;mis.  v.- hi  eh  may  be  formulated  ae  in 
the  following  table,  the   stt-iliol   11  denoting  a  univalent  chlorous  radical, 

buuIl  a.=  01,  Br,  MOa,  Aic. 
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I.  Diammonio-platinous  compounds  .  2NIT..  IV'fi,. 

11.  Tetrammnnio-platinous  compounds  .  4NH, .  IV'i;.,. 

III.  Dinmmon.io-pla.link  compounds  .  2\'l!.,.  IV'I!.. 

IV.  Tetrammouio-platinic  compounds  .  4Nli3.  I'i1')!,. 

V.   Octammonio-diphitink  compounds      .   8M13. 1't^lic0"- 

Any  number  of  atom'  of  tin1  univalent  radical  ft  inay  be  replaced  in  t&ese 

compounds  by  an  equivalent  quantity  of  another  radical,  univalent  or  multi- 
valent, thus  giving  rise  to  uxyoiiloruk'S,  iiili'a.to-oulor-idcs,  oxyuitrates,  &o. 

The  diammoiiiii-pivti'iom  and  ti-!ni,utttii/ii<i-/>i--i'i!tir  t:i,i:-roimils  (I.  and  IV.) 
may  evidently  be  derived  from  double  und  .jiiadruple  molecnles  of  am- 
monium salts,  by  the  substitution  of  >""  ov  l't"  for  an  equivalent  quantity 
of  hydrogen:  e.g.,  ^\li.\'l"C\={V.,\ls\ii")X\;  and  4HH,.Pl.1'Cl4=(N1 
H„PtlT).Cl,.  The  composition  of  the  UmiMimniiu-pitiiiitoua  compounds  (II.) 
will  be  understood  when  it  in  remembered  thai,  nitrogen  being  a  pentad 
element,  NIL,,  is  a  bivalent  radical,  and  that  any  number  of  such  radicals 
may  be  added  to  a,  eonipimnd  without  dimuidune:  the  balance  of  equivalency 
(pp.  234,  235).  Further,  since  the  addition  of  \"!Ia  io  any  compound  con- 
taining hydrogen  conies  to  the  tnmt  tiling  a*  vopla.^iin;  an  atom  of  hydrogen 
in  t&at  compound  by  ammonium,  MIK.  t.ltc^e  tetramnumio-platinous  com- 
pounds may  also  be  regarded  its  salts  of  (mniviopiiiioso-dioMraomam,  that  is, 
of  a  doubie  ammonium  molecule,  MSC3,  in  which  two  atoms  of  hydrogen 
are  replaced  by  Ft-1',  and  two  more  by  itWIj,.  —  In  the  <l-i<mmonio~pl<Uimc 
compounds  (III.),  the  bivalent  nnlk.il  il't'Vl,)"  plays  the  same  part  as  Ft" 
in  the  diarnmonio-puLtinous  compounds. 

The  following  table  exhibits  the  constitution  of  the  several  groups  of 
compounds  according  to  these  views,  hiking  the  chlorides  as  examples; 


II.    4NH„.Pt"Cls  =  [NaH((NH4)aPt"]CL,    =  Ft 
SIT, 

.N1I..C1 
NII3C1 
=  PtO 


IH.    2NHB.Pt1'Cl4  —  [N,II6{Pt"Cl,)"]Cl, 


XIljCU 


N„HSC1„ 
1 

IV.    4NH,.Pti'Cl4  =  (N4HlaFt1')CL;  =  Pt 

HjffjCL,. 
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Talent  radical  R,  replaced  by  an  equivalent  quantity  of  a  bivalent  radical: 
e.  g.,  the  oxynitraie  =  8NH,.i'tl*i(N0,),O"'  =  (NsHMPt"s)  |  ( ^p«. 

I.  IHammonio-platinous  Compoaojlu.  -  These  compounds  are  formed hy  (he 
action  of  heat  on  those  of  the  following  scries,  half  the  ammonia  of  the 
latter  being  then  given  off.  They  are  fur  the  most  part,  insoluble  in  water, 
but  dissolve  in  ammonia,  reproducing  the  tolranimonio-platinous  com- 
pounds:  they  detonate  when  heated. 

Chloride,  NjHjlVCl,,  —  Of  this  compound  there  are  three  isomeric  mod- 
ifications:—  u,  ydii.ie.  obtained  hy  adding  hydrochloric  acid,  or  a  soluble 
chloride,  to  a  solui  ion  of  diaiairtonio-pbitinoiis  nitrate  or  sulphate,  or  by 
boiling  the  green  modification,  •/,  with  ammonium  nitrate  or  sulphate  ;  or, 
by  neutralizing  a  solution  of  plat.inous  chloride  in  hydrochloric  acid  with 
ammonium  carbonate,  heating  i.he  mi  stun:  to  the  boiling  point,  mid  adding 
a  quantity  of  ammonia  equal  to  thu'.  already  cimlriucd  it!  the  liquid,  filter- 
ing from  a  dingy  green  substitute,  which  deposit  after  a  while,  then  leav- 


ing the  solution  to  cool,  and  decanting  the  su  pern  at  ant.  liquid  a 
the  yellow  salt  is  deposited.  IS.  Red.  —  If,  in  the  last,  mode  of  preparation, 
the  ammonium  carbonate,  instead  of  being  added  at  once  in  excess,  be 
added  drop  by  drop  to  the  hydrochloric  arid  solution  of  plutmous  chloride, 
the  liquid  on  cooliea;  deposits  smalt  game  I- colored  crystals  having  the  form 
of  sis-aided  tables.  This  rod  modification  may  also  be  obtained  in  other 
ways.  y.  Green.  —  This  modification,  usually  denominated  the  green  salt  of 
Magnus,  was  the  firs:  discovered  of  the  amnion  iacal  pla.tinum  compounds. 
It  is  obtained  by  gradually  adding  an  acid  solution  of  plat.inous  chloride  to 
caustic  ammonin;  or  by  pas-sin;;  sulphurous  aeid  gas  into  a  boiling  solution 
Of  platinie  chloride,  til!  it  is  completely  converted  into  platiuous  chloride 
(and  therefore  no  longer  gives  a  precipitate  with  sa'.-aiumoniac),  and  neu- 
tralizing the  solution  with  ammonia;  tlie  compound  is  then  deposited  in 
green,  needles.  The  sumo  modiliea.tion  of  the  suit  may  also  be  obtained  by 
adding  an  acid  solution  of  platiaous  chloride  tu  a  solution  of  tetrammonio- 
platinous  chloride,  iyi,J'l/'Cl,.  The  corresponding  iodide,  rTjirePt"Is,  is 
a  yellow  powder,  obtained  by  heating  (.he  aqueous  solution  uf  the  compound, 
N(H„Pt/'I^.  li  dissolves  in  ainnioaia,  reproducing  tlie  latter  compound. 
The  oxide,  NaH$iV-'0,  obtained  )jy  healing  I.eiranimonio-platinous  hydrate 
to  110°,  is  a  grayish  mass,  which,  when  healed  to  100°  in  a  close  vessel, 
gives  off  water,  ammonia,  and  nitrogen,  and  leaves  reel  a!  lie  platinum.  Tho 
ealphate,  N!H(|Pl"'.SO<.01l;,.  and  the  karat? :  r."s!l0l'(/-'(.\():il2,  are  obtained  by 
boiling  the  iodide  wit.h  sulpliale  ami  nitrate  of  silver:  they  are  crystalline 
and  have  a  strong  acid  reaction.  The  sulphate  re  lairs  is  a  molecule  of  crys- 
tallization-water,  which  cannot  be  removed  witnont  decomposing  lite  salt, 
II  Tttranmumio-pi'tHnow!  Compounds.— !Y.\\c  chloride.  N4U13Pt"Cl„  is  pre- 
pared by  boiling  pUiinous  chloride,  or  the  green  salt  of  Magnus.,  with 
aqueous  ammonia  till  the  whole  is  dissolved,  and  evaporating  the  liquid  to 
the  crystallising  point.  Tlie  womi'ie-  ami  iodide-  of  liiis  series  are  obtained 
by  treating  the  solution  of  the  sulphate  with  bromide  or  iodide  of  barium; 
they  crystallise  in  cubes.  The  oji.de,  U4il1,.l.*r.'-'(),  is  obtained  as  a  crystal- 
line mass  by  decomposing  the  solution  of  the  sulphate  with  an  equivalent 
quantity  of  baryta- water,  ami  evaporating  the  filtrate  in  a  vacuum.  It  is 
sirongiy  alla'iine  ami  caustic,  like  po'ash.  absorbs  carbonic  aeid  rapidly 
liom  tlie  air,  and  precipitates  silver  oxide  from  ilie  solnlioa  of  the  nitrate. 
It  is  a  strong  base,  ueulraiining  acids  coinpletely,  ami  expelling  ammotiia 
from  its  salts.  It.  melts  at  lit)-,  givitig  oil  water  and  animonia,  and  leav- 
ing diammonio-plaliuous  ox.ide.  li.s  aqueous  solution  does  not  givo  off 
amtminia,  even  when  boiled. 

Carbonates— The  oxide   uWrbs   carbon    dioxide   vapidly   from   the  air, 
forming  Erst  a  neutral  carbonate,  K^ll  ^PI/'COj.Oi:.,   aud  afterwards  o 
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acid  salt,  N,H,2Pt''CO0.CO.,H  The  mlphalt,  N4HBPt«S04,  and  the  tutrate, 
NjIIuPffNOs),,  are.  obtained  by  decomposing  rim  chloride  with  silver  sul- 
phate or  jiitrale;    they  are  neutral,  and  orysialli'e  easily. 

III.  Diammoniii-jilniJii,',:  C<>>:q-o!t/<J>:. — Tin;  :!■'<,<-:■</■■.  .y.,II6rt.l'Cl,.  is  obtained 
by  passing  chlorine  gas  into  boiling  water  in  wdtieh  diamtrmnio-platinous 
chloride  (the  yellow  modification)  is  suspended.  This  compound  is  insolu- 
ble in  cold  water,  and  very  slightly  soluble  in  boiling  water,  or  in  water 
containing  hydrochloric  acid.  It  dissolves  in  amnmnia  at  a  boiling  heat, 
and  the  solution,  on  cooling,  deposits  it  yellow  precipitate,  consisting  of 
tetrammoniacal  plat.inic  chloride.  It  dissolves  in  boiling  potash  without 
eve'.viiL,;  ammonia. 

Nitrates.— An  axyr.iirali,  y.Hf.Vi"!.y.\\AXi",  is  obtained  by  boiling  the 
chloride,  N^Hjl'U'lj,  L'or  several  hours  v.ii  h  a.  dilute  solo  I  ion  of  silver  nitrate. 
It  is  a  yellow  crystalline  powder,  sparingly  soluble  in  cold,  more  soluble  in 
boiling  wator.  The  normal-  mimic,  Y,ir(il't"(_\0.  .},,  is  obtained  by  dissolving 
tho  oxy  nitrate  in  nitric  acid  :  it  is  yellowish,  insoluble  in  cold  water,  solu- 
ble in  hot  nitric  acid. 

The  oxide,  NsH6rr"0,,  is  obtained  by  adding  ammonia  to  a  boiling  solu- 
tion of  diammonio-platinic  nitrate  ;  it.  is  then  preeipitated  in  the  form  of  a 
heavy  yellowish,  crystalline  powder,  composed  of  small  shining  rhombo'idal 
prisms;  it  is  nearly  insoluble  in  boilinir  water,  ami  resists  the  action  of 
boiling  potash.  Healed  in  a.  close  vessel,  it  gives  tiff  water  and  ammonia, 
and  leaves  metallic  platinum.  It  dissolves  readily  in  dilute  acids,  even  in 
acetic  acid,  and  forms  a  large  number  of  crysialli/able  salts,  both  neutral 
and  acid,  having  a  yellow  color,  anil  sparingly  soluble  in  water,*  Another 
compound  of  plat.inic  o.\ido  with  ammonia,  called  j'-i! :.'..■'.■:■■.■; in//  platinum,  wdiose 
Composition  has  not  lie  en  exactly  ascertained,  is  produced  by  decomposing 
ammonium  plaf.ino-chloride  with  aqueous  potash.  It  is  a  straw-colored 
powder,  whieh  detonate.s  slightly  when  suddenly  boated,  but  strongly  when 
exposed  to  a  gradually  increasing  heat. 

IV.  Tetrammoni.o-plaihiii'  OiiHi-t-'Uhh. — Tr.e  oxide  of  this  series  has  not  yet 
deet'   isolated.      The   <:.'■■  .'or/. ;',-,  IN,I  I',  .IV'' CI,,,  is  obtaitieii  by  passing  chlorine 

gas  into  a  solution  of  tot.fa.on tio-pla.iiiioos  chloride;  liy  dissolving  diam- 

monio-platinio  chloride  in  ammonia,  and  c  spoilt  og  the  excess  of  ammonia 
by  evaporation;  or  by  precipitating  a.  solution  of  totrammonio-plal.inic 
oxynitrate  or  nitrato  chlorhio  with  hydrocld....rio  acid.  It  is  white,  and  dis- 
solves in  small  quantity  in  boiliog  water,  from  which  suUil.iou  it  is  deposited 
in  the  form  of  trnu^pitroiit  regular  outehedrnns,  having  a  faint  yellow  tint.. 
When  a  solution  of  this  salt  is  treated  with  silver  nitrate,  one-half  of  the 
chlorine  is  very  easily  precipitated,  Inn.  to  remove-  even  a  small  portion  of 
the  remainder  requires  a  long-conthjoed  action  of  tha  silver-salt.  The 
cktorobromide,  JS"4Il,,l'tl"ltr,t.'l.,,  is  prepared  by  treating  I et ra.mrnonio-platinous 
chloride  with  bromine.  An  o:tuiii/!-it,;  .\  ,i  I...1V','  NO,:.,0  :  a  mtrato-fikteride., 
K4H„Pt»(HO,)jCl., ;  a  n!,/j,i„:-o  ■■i/t.rmV,  y.,n~i'r:*<\)-"Cl2;  and  an  oxalo- 
chlorute,  M1HliL'ti  (OiO,1j'/t1l,,  ha.ve  likewise  been  obtained. 

V.  Oriamiitoiiio~<!ip:nli>>ir  Compel'!/'!*.  An  u qin'druU  or  hitnk  nitrate,  NaH,4 
Pti*a(NOj)60''',  is  produced  by  boiling  tetrammonio-platinous  nitrate  with 
nitric  acid.      It  is   a  colorless,  civslaiiine,  detonating  salt,  slightly  soluble 

■luble   in   boding    water,    insoluble   i:        "' 
"'ride,     NiUiilhK,m\)iO'-'V\v    i 
gnus's  green  sad.'  is  boiled  with 
«  then  evolved,  and  the  resulting  solution  dc- 

■oi'thiir'll,  CeiJIIfH  rendu;  d™  tr 


yf  Google 


878  TETRAD    METALS. 

posits  the  nit.i'at-oxyehlo.i'idc  in  small  brilliant-  ncoales,  which  deflagrate 
when  heated,  giving  oil'  water  and  sal-ammoniac,  and  leaving  metallic 
platinum.  The  nitric  acid  in  this  suit  may  be  replaced  by  an  equivalent 
quantity  of  carbonic  or  oxalic  acid,  yielding  the  compounds.  fcsHs,,lJiy(X)iJ)// 
sO"CL,  and  K5ll.,-l'i-',:i' .O.-.'-'JI-'TI.,  both  of  which  are  crvstallizablo  and 
sparingly  soluble"  A  Vatic  o-stih-vitraU,  Ks\\J'?\i\.r,.pi\>'J.SOt)fi",  insolu- 
ble in  water,  is  obtained  by  adding  a::]]]iijiiium  oxalate  to  the  oxynitratet 
(Gerhardt.) 

Reactions  of  Platinum  Stills. — l'h'uiiiic  chloride  nr  a  platinie  osygen-salt 
may  be  recogni/.ed  in  solution  by  the  yellow  precipitate  with  sal-ammmiac, 
decomposable  by  heal,  iviili  p]i.;due:ion  of  spongy  mclal. 

Hydrogen  sulphide  and  iui-.-.-wii.'h/ii  mipiiitli-  gradually  lorin  .i  brown  precipi- 
tate of  platinie  sulphide,  soluble  in  excess  of  ammonium  sulphide.  Zinc 
precipitates  metallic  platinum. 

■  Platinie  chloride  and  sodium  platmocldoritlc  tire  employed  in  analytical 
investigations  to  detect-  the  presence  of  potassium,  and  separate  it  from 
sodium.  For  the  latter  purpose,  the  alkaline  salts  are  converted  into 
chlorides,  and  in  this  state  mixed  ivit.h  lour  times  their  weight  of  sodium 
plati  no  chloride  in  crystals,  the  whole  being  dissolved  in  a  little  water. 
When  the  formation  of  the  yellow  suit  appears  complete,  alcohol  is  added, 
and  the  precipitate  collected  on  a  weighed  filter,  washed  with  weak  spirit, 
carefully  dried,  and  weighed.  The  potassium  chloride  is  then  easily  reck- 
oned from  the  weight  of  the  double  so.lt;  and  this,  subtracted  from  the 
weight  of  the  mixed  chlorides  employed,  gives  thai  of  the  sodium  chloride 
by  difference ;  10(1  parts  of  notas-ium  [ilalitioehloride  correspond  to  80-51 
ports  of  potassium  chloride. 

Capsules  and  crucibles  of  platinum  are  of  great,  value  to  the  chemist: 
the  latter  are  constantly  used  in  mineral  analysis  IV, r  fusing  siliceous  matter 
with  alkaline  carbonates,  '['hey  sutler  no  injury  in  this  operation,  although 
caustic  alkali  roughens,  and  corrodes  the  metal.  The  experimenter  must 
be  particularly  enroll;!  10  avoid  introducing  any  oxide  of  an  easily  fusible 
metal,  as  that  of  lend  or  tin,  into  a  plat  in  inn  crucible.  Tf  reduction  should 
by  any  means  occur,  these  metal-  will  at  once  alloy  themselves  with  the 
platinum,  and  the  vessel  will  he  destroyed.  A  plat  in  inn  crucible  must  never 
be  put  naked  into  a  coke  or  charcoal  lire,  but  always  placed  within  a  covered 
earthen  crucible. 


Atomic  weight,  106-5.     Symbol,  Pd, 

When  the  solution  of  crude  platinum,  from  which  the  greater  part  of  that 
metal  has  been  precipitated  by  sal-ammoniac,  is  neutralised  by  sodium  car- 
bonate, and  mixed  wiih  a  solution  of  mercuric  cyanide,  palladium  cyanide 
separates  as  a  whitish  insoluble  subsia.nce.  v.  hicli,  on  being  washed,  dried, 
and  heated  to  redness,  yields  metallic  palladium  in  a  spongy  state.  The 
palladium  may  then  be  welded  into  a  mass,  in  the  same  manner  as  platinum. 

Palladium  closely  corresponds  with  platinum  in  color  and  appearance; 
it  is  also  very  malfeable  and  ductile.  Its  density  differs  very  much  front 
that,  of  pi  ill  inmn,  being  on!y  1 1-8.  Palladium  is  noire  usidabln  than  plati- 
num. When  heated  to  redness  \„  the  air.  especially  in  the  state  of  sponge, 
it  acquires  a  blue  or  purple  superficial  film  of  oxide,  which  is  again  reduced 
at  a  whito  heat.  This  metal  la  slowly  attacked  by  nitric  acid;  its  best 
solvent  is  niti-o-niurialie  aoid. 
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Palladium,  like  pint  in  urn,  forms  two  classes  nf  compounds;  namely,  the 
palladious  compounds,  in  niuch  '::.  in  bivalent,  hill;  the  />aJtu'Jic  compounds,  in 
which  it  is  quadrivalent. 

Chlorides.  — The  dieMorvh,  or  Fallacious  chloride,  Vt\"Q\,  is  obtained 
by  dissolving  the  metal  in  nitro-muriutm  acid,  and  evaporating  the  solution 
to  dryness.  It  is  a.  dari; -brown  nia«,  which  dissolves,  in  water  if  the  heat 
has  not  been  too  great,  ami  forms  douhle  salis  with  many  metallic  chlorides. 
The  palladio-ehlorides  of  ammonium  and  potassium  are  much  in  ore  soluble 
than  the  corresponding  piaiino-chlnrides  :  they  have,  a  brownish-yellow  t.:iii. 

The  tetrachloride,  or  1'nUiulir  diloriih;  I'd'1'!:],.  ex.isr.ii  only  in  solution  and 
in  combination  with  the  alkaline  chlorides.  If  is  formed  when  the  dichlor- 
ide  is  digested  in  nitre-muriatic  acid.  The  solution  has  an  intense  brown 
color,  and  is  decomposed  liy  evaporation.  M.i.od  with  potassium  chloride, 
or  sal-ammoniac,  it  gives  rise  to  n  red  crystalline  precipitate,  which  is  hut 
little  soluble  in  water. 

Fallacious  Ioim.nj,  Pd"I.,,  is  precipitated  from  the  chloride  or  nitrate 
by  soluble  iodides,  as  a  black  muss,  which  gives  oil'  its  iodine  between  300° 
and  360°  C.  (572°  ami  ti3Q°  P.)  l'ulladium-s:nlts  are  employed  for  the  quan- 
titative estimation  of  biding  chlorine  ana  bromine  no:,  being  precipitated 
by  them. 

Oxides.  —  The  iRmmxi'h,  or  I'liWulhas  <a.hh\  Pd'-'O,  is  obtained  by  evapo- 
rating to  dry  Hess,  arid  ciiulioii.sl.y  heating,  lire  soluliou  of  palladium  in  nitric 
acid.  It  is  black,  and  but.  litr.ie  soluble  in  acids.  The  hydrate  falls  as  a 
dark-brown  precipitate  when  sodium  carlo.uaie  id  added  lo  the  above  solu- 
tion.     It  is  decomposed  by  a  strong  heat. 

The  dioxide,  or  I'aiiadk  o:;:d,\  T'j"'Os,  is  iinf.  known  in  the  separate  state. 
From  a  solution  of  palladie  chloride,  a 'kali  en  and  a  Ik  a 'line  carbonates  throw 
down  a  brown  preciiiitaie  oimsistiuj;  of  hydrared  palladie  oxide  eombiued 
with  the  alkali.  This  compound  gives  oil'  half  its  oxygen  at  a  moderate 
heat,  and  the  whole  at  a  higher  temperature.  1'rorii  hoi  solutions,  a  black 
precipitate  is  obtained  containing  the  anhydrous  dioxide.  The  hydrate  dis- 
solves slowly  in  acids,  forming  yellow  solutions.  In  strong  hydrochloric 
acid  it.  dissolves  will  unit  d  eon  raj  nisi  i  i  on,  forming  /-n!atiio-p<dJ>id.i<:.  idd.ori.de.,  aris- 
ing from  admixed  potash  ;  with  dilute  hydrochloric  acid,  on  the  contrary, 
it.  gives  off  chloride. 

Palladic-Its  Suipmnii,  l'il"S,  is  formed  by  fusing  the  metal  with  sulphur, 
or  by  precipitating  a  solution  of  a-  pallauious  salt  with  hydrogen  sulphide. 
It  is  insoluble  in  ammonium  sulphide. 

Ammoniaoal  Palladium  CtntrniTMis.  —  A  moderately  concentrated  solu- 
tion of  palladium  dichloridc  I  run  red  with  a  slight  ex;:  ess  of  ammonia,  yields  a 
beautiful  nesh -colored  or  rose-colored  prcoi  pirate,  consisting  of  K„H6i'd"Cl5. 
Tli is  precipitate  dissolves,  in  a  larger  excess  of  ammonia  ;  and  the  amnion i il- 
eal solution,  when  treated  with  acids,  yields  a  yellow  precipitate  having  (he 
same  composition.  This  vellow  modi  ti  eat  ion  is  likewise  obi  at  tied  hv  heiilinir 
the  red  compound  in  the  moist  si  ate  io  100".  or  in  the  dry  state  to  200°  C. 
(392°  F.)  The  yellow  compound  dissolves  nbuudanlly  in  aqueous  potash, 
forming  a  yellow  solution,  but.  without  giving  oil'  ammonia,  even  when  the 
liquid  is  heated  to  the  boiling-point;  ihe  red  compound  behaves  in  a  simi- 
lar manner, but,  before  dissolving,  is  converted  into  the  yellow  modification. 
For  this  reason,  Hugo  Miiller  regards,  i'ne  red  compound"  an  palladium  ammo- 
mo-chloride.,  2NU3.Pd'/Cla,  and  the  yellow  as  pidladji.imimnium  chloride, 
NsHePd"Cls.  Tim  yellow  compound,  digested  with  water  and  silver  oxide, 
yields  palUdammuiduni  oxide,  K.dl^Pd'-'O,  which  is  a  strong  base,  soluble  in 
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water,  having  an  alkaline  taste  and  rcac-'ion.  and  jruavbvng  carbonic  acid 
from  the  air.  roUodtwuuoimim.  urfphtic,  N,H,j'l'il'-'.S03,  is  formed  by  the 
action  of  sulphurous  acid  on  t  lie  oxide  nr  t;!ili;i-L-:le  ;  it  crystallizes  in  orange- 
yellow  oetohedrons.  The  sulph'dc,  chloride,  iodu.li:  and  bromide,  have  likewise 
been  formed. 

The  compound,  4NH3.Pd"Cl2,  or  avtmopaUadanmonam  chloride,  [N2II4Pd" 


Palladious  salts  urn  well  jnavki".l  by  i  lie  pale  yellowish-white  precipitate 
with  Solution  of  mercuric  cya.nide.  lr  consists  of  palladious  cyanide, 
Pd"Cya,  and  is  converted  hy  heat  into  the  spongy  metal. 

Hi/driodk  arid  and  iMiiussi'im.  iadid.i-  throw  down  a  black  precipitate  of 
palladium  iodide,  visible  even  to  the  500,000th  degree  of  dilution. 

Palladium  is  readily  aM^vod  ■vitb  odior  .nirlaN,  an  copper ;  one  of  these 
compounds  —  namely,  tin;  alloy  with  silver  —  has  been  applied  to  nsefu! 
purposes.  An  amalgam  ef  palladium  is  nav,'  extensively  used  by  dentists 
for  stopping  teeth, 

A  iiiiiivc  alloy  of  gold  willi  palladium  is  found  ill  Brazil. 


Atomic  weight,  10*.     Symbol,  Rh. 

The  solution  from  w  liieii  plat  in:  mi  ami  piilladiu::!  have  boon  separated,  in 
the  manuer  already  described,  is  mixed  with  hydrochloric  acid,  and  evap- 
orated to  dryness.  The  residue  is  t  rented  wit  h  alcohol  of  specific  gravity 
0-887,  which  dissolves  everything  except  the  double  chloride  of  rhodium 
and  sodium.  This  is  well  washed  '.villi  spirit,  dried,  heated  to  whiteness, 
and  then  boiled  with  water',  "hereby  sodium  ehloridc  is  dissolved  out,  and 
metallic  rhodium  remains.  Thus  obtained,  rhodium  is  a  white,  coherent, 
spongy  mass,  more  infusible  ami  less  capable  of  beinp:  welded  than  plati- 
num.     Its  speeifie  gravity  varies  from  10-I1  to  11. 

li.ll odium  is  very  brittie :  reduoed  i  o  powder  a.ud  heated  in  the  air,  it  be- 
come- exiai/ed.  and  rhc  same  alteration  happen-  lo  a  greater  extent  when 
it  is  fused  with  nitrate  or  bisnlpiiate  of  potassium.  [S'one  of  the  acids, 
singly  or  conjoined,  dissolve  this  metal,  unless  it  be  in  the  state  of  alloy, 
as  with  platinum,  in  which  stale  it.  is  attacked  by  nii  re-muriatic  acid. 

Rhodium  forms  but  one  chloride,  containing  It-hCl.,:  hence  it  might  be 
supposed  to  be  a  triad:  hut,  from  its  analogy  iu  the  other  platinum  metals, 
it  is  generally  regarded    as   a   tetrad,   the    chloride  just-  mentioned   being 

RhClj 
represented  by  Hie  furiuu'.a  iia.j'L.  or  I 

EhCl, 

This  chloride  is  prepared  by  adding  sill™ fluoric  arid  to  the  double 
chloride  of  rhodium  and  potassium,  evaporating  the  tillered  solution  to 
dryness,  and  dissolving  the  residue  iu  water.  It  forms  a  brownish-red  deli- 
quoseent  mass,  soluble  in  water,  with  a  fine  red  color.  It  is  decomposed 
by  heat  into  chlorine  and  metallic  rhodium. 

Rhodium  and  I'otumium  chlorides.  —  The  salt,  U hXle. i !.K.Cl.f50IIa,  formed  by 
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mixing  a  solution  of  rhodio  oxide  in  hydrochloric  acid  with  a  strong  solu- 
tion of  potassium  chloride,  crystallizes  in  sparingly  soluble  efflorescent 
prisms.  Another  double  salt,  containing  Kh,('!6.lK(.'l.::MlJ2,  is  prepared  by 
heating  in  a  stream  of  chlorine  it-  mixture  o!  c.gua.l  par  Is  of  finely  powdered 
metallic  rhodium  and  potassium  tri i h . r i ■  1 1-.  I'lic  nail  h:i.s  a  line  red  color,  ia 
soluble  in  water,  and  crystallucs  in  four-sided  prisms  Rhodium  and  sodium 
chloride,  EliaCI6,tiKaC1.^4(Hl„,  is  also  a  very  beam  il'nl  red  salt,  prepared 
like  the  last.  The  ummo-iiwu  salt,  lilt/'],;.  tiNII/'l .  fi( )!!'.,,  obtained  by  de- 
composing the  indium  s-a't  wit.ii  snl-aiiiinoniitc,  csystaliiies  in  fine  rhombo- 
hedral  prisms. 

Rhodium  Oxides.  — Rhodium  forms  four  usides,  containing  RhO,  Rh203, 
Klu>,,  ar.il  Rh03. 

The  monoxide.,  IlliO,  is  formed,  \i\u\  ineandesoeneo,  when  the  hydrated 
sesquioxide,  KhjOj-SOll,,  is  heated  in  a  pluunum  crucible  It  is  a  dark- 
gray  su.bst.anei!.  perfectly  icifiiferoni.  lo  acids. 

The  sesquioxidr.  or  rhodii-  miVs,  lih.O,,  obtained  Vij  Inviting  the  nitrate,  is 
a  gray  porous  mass,  wit.li  metallic  iridescence.;  insoluble  in  acids,  easily 
reduced  by  hydrogen.  It  forms  two  hydrates  t  l!li,tl,.:!OH3,  or  RhH3Oa, 
obtained  by  precipitating  it  solution  of  rhodium  and  sodium  chloride  with 
potash  hi  presence  of  alcohol,  and  H!i,Orfi01i.,  or  llli  M,t  )a. Oil.,,  formed  by 
precipitating  the.  same  salt,  with  aqueous  potash. 

The  dioxide,  r.liO,,  obtained  by  fusing  pulverized  rhodium  or  the  sesqui- 
oxide with  nitre  ami  potash,  and  digesting  tiie  fused  muss  with  nitric  acid, 
lo  dissolve  oil'  the  potash,  is  a  darkdirown  substance,  insoluble  in  acids. 
When  chlorine  is  passed  into  a  solution  of  rhoific  pent  a  b  yd  rate.  Kli2Os.  SOIL,, 
a  black-brown  gelatinous  precipitate  of  the  tri  hydrate,  Rb80,.3QHs,  is 
formed  at  first;  but  this  compound  gradually  loses  its  gelatinous  consistence, 
becomes  lighter  in  color,  and  is  liimlly  converted  inn,  a  green  hydrate  of 
the  dioxide,  Rh02.2()lT4.  Tbc  alkaiine  solu'iou  at  the  same  time  acquires 
a  deep  violet-blue  color. 

Trioxide,  Rh03,  —  The  blue  alkaline  solution  above  mentioned,  deposits, 
after  a  while,  a  blue  powder,  becoming  green  when  dry,  and  yielding,  when 
treated  with  nitric  acid,  a  blue,  iincculc.ut  substance,  consisting  of  the  tri- 
oxide,  easily  reduced  to  the  dioxide. 

Rhc-DIC  SntMi.i IE,  (SO.iyih.,.120H.„  formed  by  oxidizing  the  sulphido 
with  nitrie  acid,  is  a  yellowish  v.-hiic  crystalline  mass.  I'otaseio-rhodic  sul- 
phate, (SOJjlihJC.,,  is  i  redJish-ycliowocyslidlinepoifdor  formed  by  adding 
sulphuric  acid  i.o  a.  sol i u i mi  of  rhodium  and  potassium  chloride, 

AmMONHCal  Rhodium  Covpouni'S.  — An  a-Mmonlu-rhlnride,  10NH-,Rh  CI,, 
or-  [N,H14Rh"^(MH4i]j"(.'l5,  is  obtained  as  a  yellow  crystalline  powder  on 

mixing  a  dilute  solution  of  rhodium  and  a: ooiuin  chloride  with  excess  of 

ammonia,  an  1  leaving  Die  filtered  solution  to  evaporate.  The  corresponding 
oxide,  ]0NH,.Rh;Or  obtained  by  heating  the  chloride  with  silver  oxide,  is 
a  strong  base,  from  which  the  sulphate  and  oxalate  may  be  obtained  in 
crystalline  form. 

Rhodie  salts  arc.  for  the  most  pur!,  rose-colored,  and  exhibit,  in  solution, 
the  following  reactions:  with  hi/ilris,,-.-/!  .i,,/j,y,h:  and  ammonium  sulphide,  a 
brown  precipitate  of  rhoilie  sulphide,  insoluble  in  excess  of  ammonium 
sulphide;  with  soluble  mtyhiic*,  a  pa.!t;-yo!low  precipitate,  affording  a  char- 
acteristic reaction  ;  with  potash,  a  yeilow  precipitate  of  rliodic  oxide,  solu- 
ble in  excess;  with  <vai.<i.>«i'».  ami  with  uHmHm:  cjirhm'ti'S.  a. yellow  precipitate 
after  a  while.  No  precipitate  with  alkaline  chlorides  or  mercuric  cyanide. 
Zinc  precipitates  metallic  rhodium. 
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Atomic  weight,  198.     Symbol,  Ir. 


When  crude  platinum  is  dissolved  in  nitrotnurialic  acid,  a  small  quantity 
of  a  gray  scaly  metallic  substance  u^mlly  if  111:1:11s  behind,  having  altogether 
resisted  the  action  of  the  acid  -  this  is  a  native  alloy  of  iridium  and  osmium, 
called  o&miridium  or  indw:imn<: ;  it  in  reduced  u>  powder,  mixed  with  an  equal 
weight  of  dry  sodium  chloride,  and  heated  to  redness  in  a  glass  tube, 
through  which  a  stream  of  moist  chlorine  gas.  is  transmitted.  The  farther 
extremity  of  the  tube  is  connected  with  a  receiver  containing  solution  of 
ammonia.  The  gas,  under  these  circumstances,  is  rapidly  absorbed,  iridium 
chloride  and  osmium  chloride  li<-i (ilt  produced :  the  former  remains  in  com- 
bination with  the  sodium  chloride  ;  the  bitter,  being  a  volatile  substance,  is 
carried  forward  itito  (he  receiver,  whore  it  is  decomposed  by  the  water  into 
osmic  and  hydrochloric  acids,  u-hioli  combine  with  the  alkali.  The  contents 
of  the  tube  when  cold  arc  treated  with  water,  by  which  the  iridium  and 
sodium  chloride  is  dissolved  out :  lliis  is  mixed  with  an  excess  of  sodium 
carbonate  and  evaporaicd  10  dryness.  The  residue  is  ignited  in  a  crucible, 
boiled  wdth  water,  ami  dried ;  ii.  tlieo  eon  si  sis  of  a  mixture  of  ferric  oxide 
and  a  combination  of  iridium  oxide  with  soda:  it.  is  reduced  by  hydrogen 
at  a  high  temperature,  and  treated  successively  »  iih  water  and  strong  hy- 
drochloric acid,  by  which  the.  alka.li  and  the  iron  are  removed,  while  me- 
tallic iridium  is  left  in  a  finely  divided  state.  1'y  strong  pressure  and  ex- 
posure to  a  white  heat,  a  certain  decree  uf  compactness  may  be  communi- 
cated to  the  metal.* 

Iridium  is  a  while  brittle  metal,  fusible  will]  great,  difficulty  before  the 
oxy-hydrogen  blowpipe.  Deville  and  Debray.  by  menus  of  their  powerful 
oxy-hydrogen  blast  furnace,  have  fused  ii  completely  into  a  pure  white 
mass,  resembling  polished  steel,  brittle  in  I  lie  coll,  somewhat  malleable  at 
a  red  heat,  and  having  a  density  ei]ual  to  thai,  of  plaiinum,  viz.  21-15, 
(21-8  Bare.)  By  moistening  the  pulverulent  metal  with  a  small  quantity 
of  water,  pressing  it  tightly,  first  between  filtering  pttper,  then  very  forci- 
bly in  a  press,  ami  calcining  it  at  a  white  hunt  in  a  forge-fire,  it  may  bo 
obtained  in  the  form  of  u  compact,  very  hard  mass,  capable  of  taking  a 
good  polish,  but  still  very  porous,  and  of  a  density  not  exceeding  l(lrO, 
After  strong  ignition  ii  is  insoluble  in  all  acids,  but  when  reduced  by  hy- 
drogen at  low  temperatures,  it  oxidizes  slr.yvly  at  :i  red  lieat,  and  dissolves 
its  nitro -muriatic  acid.  It  is  usually  rendered  soluble  by  fusing  it  with 
nitre  and  caustic  potash,  or  by  mixing  it  with  common  salt,  or  better,  with 
a  mixture  of  the  chlorides  of  pnlassium  and  sodium,  and  igniting  it  in  a 
current,  of  chlorine,  as  above  described. 

Iridium  forms  three  series  of  compounds,  namely,  the  faj/mbitliaus  com- 
pounds, in  which  it.  is  bivaieiil,  as  1  r' ■'(.."....  I  rO  ;    the  iridious  compounds,  lu 

IrCla 
which  it  is  qua:iviia',cni,  but  anpr.renl !  e  naval  eat,  s.  <;..  IrjCla=  |         , 

IrCl, 
and  the  iridic  compound?,  in  which  it  is  r.lso  o-mdrivalont,  as  in  l.rCl,,  IrO.j, 
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&0.     It  appears  to  he  incapable  of  uniting  with  move  than  four  atoms  of  a 

mound    cioi'ier-.t.  and   in  therefore   regarded   as  a  tetrad.*     It  forms   also  a 
trioxbie.  lrO,,  in  which   it   is  ai'ijurtiLilv  svxvalenl.  bin.   (Ill;   oxide    jnav  Sic 
0 

represented  by  the  formula     Ir     ,  in  which  the  metal  appears  also  to  be 


A 


-0 
quadrivalent. 

Chlorides. — Iridium  appears  to  form  throe  chlorides,  but  only  two  of 
them — namely,  the  ii-icIil'oi-kLu  and  tetrachloride —  have  been  obtained  in 
definite  form. 

The  dieJdf/i-iih,  Tr"Cl,,,  is  not  known  in  I  lit:  separate  state,  hut  appears  to 
exist  in  certain  double  tails,  called  li>tj>nr/tl<>i-iridilei. 

The  trichloride  or  hidimis  chit-rid,-,  Ir.J'V  is  prepared  V>y  strongly  heating 
iridium  with  nit.ro,  lidding  water  and  Kiioiigh  niii-ie  acid  to  saturate  the 
alkali,  warming  the  mixture,  and  then  dissolving  the.-  precipitated  hydrate 
of  the  sesquioxido  in  hydrochloric  acid:  it.  forms  a  dark  y  olio  wish-brown 
solution.  This  substance  combines  with  oilier  metallic  chlorides,  forming 
compounds  called  iri<!ns.i>-r.hi.uridsr;  or  chiorir  id, '■:•>:..  which  may  be  prepared  by 
reducing  the  corn: -m  on  din;;  eldoriiidiares  with  siihih-mius  acid,  hydrogen 
sulphide,  or  potassium  forrocvanide.  Clans  has  obtained  the  compounds 
IrjClB.6NH,Cl  tiOHj,  Ir.,t:i.i.t;lit;l.!.i01lJ!  and  lr2Cl0.^aC1.^10H0.  They  are 
olive-groen  pulverulent  salts,  soiuble  in  water. 

The  tetrachloride,  or  Iridic  ddond,-..  J.:<_'1,.  is  obtained  in  solution  by  dis- 
solving very  finely  divined  iridium,  or  one  of  its  oxides,  or  the  trichloride, 
in  nitromuriatio  acid,  and  boating  the  liquid  to  the  boiling  point.  On 
evaporating  the  solution,  it.  remains  in  the  form  of  a  black,  deliquescent, 
amorphous  mass,  translucent  with  dark-red  color  at  the  edges;  soluble, 
with  reddish -yellow  color,  in  water.  It  unites  with  alkaline  chlorides, 
forming  compounds  called  ii-iilk-a'iinrm«s  or  ciil-iri/i.diuifs,  analogous  in  com- 
position to  the  cbloroplatinatos.  The  ammonium  sal!..  lr('l4.2NH4G1.01I2,  and 
the  potassium  salt,  Ir(Jl,.^K(;l.  are  formed,  as  daris-browr,  crystalline  precip- 
itates, on  mixing  the  solutions  of  the  comjjinienr.  chlorides.  The  potassium 
salt  may  also  be  urepuml  by  passing  chlorine  over  a  gently  ignited  and 
Ihiely  divided  mixture  ill'  iridium  wit  'a  |i;il  a  —  ium  chloride.  1  i.  is  sidnble  ill 
boiling  water,  and  crys'allr/cs  in  black,  oei  nbedruns.  yielding  a  rod  powder. 
The  vadium  salt,  IrUj.'JNai.'l.ai.l.L,  prepared  like  the  potassium  salt,  forms 
easily  soluble  black  tables  and  prisms,  isoinornhous  with  (lie  col  res  (ion  ding 
platinum  salt. 

Iodides.  —Iridium  forms  three  iodides,  Irl..,  Ir.Tj,  and  Irl4,  analogous 
to  the  chlorides,  anil  yi«'.iiing  sheila:  doable  salts  with  the  iodides  of  the 
alkali-metals.  •)■ 

Oxides.  —  Iridium  forms  four  oxides,  IrO,  lr,03.  TrOs,  and  IrO,.  The 
monoxide,  or  hypoiriuinw.  o.ciik,  1 1- 1 ) .  is  but  liilie  known.  It  is  obtained  by 
precipitating  an  alkaline  hyfioehlorividito  with  caustic  alkali  in  an  atmo- 
sphere of  carbon  dioxide  (p.  1  iiij'; ;  bin.  on  exposure  to  i.he  air  it  is  quickly 
converted  into  a  higher  oxide. 

The  I'lptiiiil1,  or  Iridiaux  nrirk,  Tr.,03.  was  forir.erly  regarded  as  the 
most  easily  formed  and  most  stable  of  the  oxides  of  iridium ;   but,  according 

■-■■ii  I L  s-  a  [IU E  r  i  i  , |.,\|  ie  I  ii-i-  -i  |:..|, ..:::.:  ::v    II.  I  .i  .11.     Ilii'li    ll'nin.  IIIIIM'    I  nil  I..  I II 1 1 1.' 

-i-  uaiiii.  L-birdir,  l:dci:<li,)Jti<„j:<:  da  JsiiU.HHi.     C:iMa;--.:-u,  1SSIV7. 
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to  Cla.ua,  it  has  a  great  tendency  to  take  up  osygo.n  and  pass  to  the  state 
of  dioxide.  It  may  be  prepared  oy  gcniiy  igniting  n  mixture  of  potassium 
eliloriridite  (Ir„C)G.oK<l)  with  sodium  o ariiouaie  in  an  atmosphere  of  car- 
bon dioxide;  on  treating  tin;  product  with  '.valor,  the  sesquioxUtc  remains 
in  the  form  of  a  bind;  powder  insoluble  in  acids.  It  forms  two  hydrates, 
IrjOj.SOHj,  and  IrjOj.COH^.  It  unites  with  bases,  forming  salts  which  may 
be  railed  iriilUeit.  A  solution  of  a  chloriridite  in  excess  of  lime-water  de- 
posits, after  standing  for  some  time  out  of  contact  of  air,  a  dirty  yellow 
precipitate  containing  IraO-.3CaO. 

The  dioxii.lt!,  or  liidif.  t,j-.i'l-\  \v0...  is,  according  to  (/Sans,  tin-  mos-  easily 
prepared  and  most  stable  of  all  the  oxides  of  iridium,  and  is  always  de- 
posited in  the  form  of  a  bulky,  indigo-colored  hydrate.  Ir0a.2OHs,  when  a 
solution  of  either  of  vlu;  chloride?  of  iridium  or  their  double  salts  is  boiled 
with  an  alkali;  but  it  always  retains  ,5  or  4  per  cent,  of  the  alkali.  The 
hydrate  may  also  be  obtained  by  dissolving  lite  hydraied  sesquioxide  in 
potash  and  treating  the  solution  with  an  acid,  It  dissolves  in  acids,  form- 
ing solutions  which  arc  dark-brown  when  concent  rated,  reddish -yellow 
when  dilute. 

The  trioxide.  or  Periridte  oxide,  l"rO,.  is  not  known  in  the  free  state,  but  is 
formed  in  combination  with  potash,  when  iridium  is  (used  for  some  time 
with  nitre.  The  resulting  bbckish-grceii  mass  dissolves  in  water,  forming 
a  deep  jndigo-eolorod  soluiiou  of  basic  potassium  poriviuiafe,  leaving  a 
black  cry  si  alii  ne  powder  consisting  ijf  acid  poi  iridiate.* 

Iridium,  liko  tiie  other  platinum  metals,  shows  but  little  tendency  to 
form  oxygen-salts.  The  o\idos  ■lissclve  in  acids,  but  no  definite  salts  are 
obtained  in  this  way.  The  solution  of  iridic  oxide  In  sulphuric  aeid  has  a 
dark-brown  color,  which  is  net  m:ulii:e:t  by  potash  in  flic  same  manner  as 
that  of  the  diohluiido,  neither  dees  it  yield  any  blue  precipitin  e  en  boiling. 

The  only  definite  oxygon-salts  of  iridium  that  lui.vo  been  obtained  are 
double  salts  containing  sulphurous  and  dithionie  acids. 

Hypo-iritiosu-poitisik  sitiphiu.  S<  t3tr''...!SOjK,,  is  obtained  as  a  white  crys- 
talline powder,  when  the  niothor-liLptor  obtained  in  preparing  potassium 
chloriridite  by  passing  sulphurous  oxide  through  a  solution  of  the  chlor- 
iridiute,  is  evaporaled  to  a  small  bulk. 

Sulphides. —  Three  sulphides  of  iridium  are  known,  analogous  to  the 
first  three  oxides  above  described.  The  [Hj»!n(fb'i»  and  dtsuiphidt!  arc 
obtained  as  brown-black  precipitates  by  treating  the  solutions  of  the  tri- 
chloride and  tetrachloride  resp.eeli  vely  with  hydrogen  sulphide.  Themono- 
sulphide  is  a  grayish -black  substance  obtained  by  decomposing  either  of 
the  higher  sulphides  in  a  closo  vessel. 

Ammoniacal  Compounds  of  Ietdium. — The  ammomo-chlorides,  N,il6lr" 
CI,  and  e,,ll|;lr<.:!.„  or  [NJl,lr"i  MI,).,]!"'],,  together  with  the  corresponding 
sulphates,  are  prepared  like  I  he  plaiinous  compound-  of  analogous  compo- 
sition, whioh  thftv  also  resemble  in  their  properties.  The  mtratochloride, 
[N.JH4Ir"(NFI4)5]iMi3i('l,  analogous  to  Cros'  nia'inuui  nitrate,  is  formed  by 
heating  the  chloride,  N.',llalr(..'lv.  with  strong  nitric  acid.  Tetrammonio-mdie 
chloride,  (N4Hii!Ii'L,)Cls,  is  obtained  as  a  violet  precipitate,  by  treating  the 
nitrate  just  mentioned  with  hvdrecblorie  acid.f 

The  compound,  KtMII,  Ir,C!0.  or  [VjH.I^-'-'jM  II4).,]"',01K,  to  which  there 
is  no  analogue  in  the  platinum  series,  is' obtained  as  a  flesh -colored  crys- 
talline powder  by  prolonged  digestion  of  nuimonium  chloriridite  with  warm 
aqueous  ammonia.  The  corresponding  carbonate,  nitrate,  and  sulphate 
have  also  been  prepared.  J 

*  Claim,  Ann.  Ch.  Pharm.  ]!x,  249, 


!  Claus,  Bit:  rag/.  ;ur  t%  mi's  dcr  /•ittUniiidulle.    Dorpat,  1S54. 
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Iridic  solutions  {eotiiaininp:  i-ic  dioxide  or  tetrachloride)  are  of  a  ilark 
brown-red  color;  iridious  solutions  (containing  the  scsquioxide  or  tri- 
chloride) have  an  olive-green  color.  The  characters  of  an  iridic  solution 
are  best  observed  with  sodium  chUtriridiatc,  all  the  other  iridic  compounds 
being  but  slightly  soluble. 

Iridic  solutions  give  with  iini.-ii'nniwi.  or  yjlassinn  rlrferide  a  crystalline 
precipitate  of  ammonium  or  potassium  ehlorirldmt.o.  which  is  distinguished 
from  the  corresponding  platinum  precipitate  by  its  dark  brown-red  color, 
and  further  by  its  red  net  ion  to  sol  it  ids  cliloriridite  when  treated  with  solu- 
tiioi  of  hyikogen  sulphide.  This  reaction  serves  for  the  separation  ui' 
iridium  from  platinum. 


EUTHENIUM. 

Atomic  weight.  101..      Symbol,  J!".!. 

This  metal,  discovered  by  Clans,  in  1848,  occurs  in  platinum  ore,  and 
chiefly  in  osmiridium,  of  which  there  :\ve  two  varieties —  one  scaly,  consist- 
ing almost  wholly  of  osmium,  iridium,  aod  ruthenium,  while  the  other, 
which  is  granular,  cunt  a  ins  hut  mere  truces  of  osmium  and  ruthenium,  but 
is  very  rich  in  iridium  :iud  rlioilinto.  To  obtain  ruthenium,  scaly  ostnirl- 
dium  is  heated  to  bright  redness  in  a  porcelain  lube,  through  which  a  cur- 
rent of  air  (freed  -run;  carm.mie  acid  by  passing  through  potash,  and  from 
organic  matter  by  passing  through  oil  of  vitriol;  is  drawn  by  means  of  an 
aspirator.  The  osmium  and  ruthenium  are  thereby  oxidized,  the  former 
being  carried  forward  as  let  re  side  and  condensed  in  caustic  potash  solution, 
while  the  ruthenium  o.\ido  remains  belli ud,  i.oget  her  wir.li  iridium  ;  and  by 
fusing  lliis  residue  with  potassium  hydrate,  treating  the  mass  wiili  waior, 
and  leaving  the  liquid  in  a-  corked  bid  tie  fur  about  I  wo  hours  to  clarify,  an 
orange-colored  eolation  of  potassium  rutheniate  is  obtained,  which,  when 
neutralized  with  nitric  acid,  deposits  volvet-hlnck  ruthenium  scsquioxide, 
and  this  when  washed,  dried,  and  ignited  in  hydrogen,  yields  the  metal. 

Ruthenium  thus  prepared,  form-  porous  lumps  very  much  like  iridium, 
and  is  moderately  easy  to  pulverize.  It  is  the  most  refractory  of  all  metals 
except  osmium,  Deville  and  Dcbray  have,  however,  fused  it  by  placing  it 
in  the  hottest,  part  of  the  oxv-hvdrogen  flu  me.  After  fusion  it  has  a  density 
of  11-*;   that  of  the  porous  metal  is  8-6. 

Ruthenium  is  scarcely  attacked  by  nitrusnuriii-tlc  acid.  It  is,  however, 
more  easily  oxidized  than  platinum,  or  even  than  silver.  "When  pure  it  is 
easily  oxidized  by  fusion  with  potassium  hydrate,  still  more  easily  on  addi- 
tion of  a  small  quiitii  by  of  nitrate  or  eh!  era  to.  producing  potassium  ruthe- 
niate,  which  dissolves  in  water  ivil  h  orange -yellow  color. 

Chlohidhs,  —  Ruthenium  Is  a  tetrad,  like  the  other  platinum  metals,  ami 
forms  three  chlorides.  RuCL,  liu„Cle.  and  RuCIr 

The  dichloride,  IluCla,  is  produced,  together  with  the  trichloride,  by 
igniting  pulverized  ruthenium  in  a  .stream  of  chlorine,  the  trichloride  then 
-wdntilizim.:,  while  the  dichloride  remains  in  the  form  of  a  black  crystalline 
powder,  insoluble  in  water  and  in  all  acids,  even  nitro-murialic  acid,  and 
only  partially  decomposed  by  alkalies.  A  soluble  diehloride  is  formed  by 
passing  su'phydric  acid  gas  into  a  solulien  nf  the  trichloride,  a  brown  sul- 
phide being  then  prcoipiiatcd,  and  the  solution  acquiring  a  fine  blue  color. 

The  trichloride  or  Ruikeiii-jii*  e.hloriil,'.,  Ilu.,C'6,  prepared  by  precipitating 
a  solution  of  putas-ic  rulheniale  with  an  acid,  dissolving  the  precipitated 
black  oxide  in  liytl reel d uric  acid,  and  evapora:iiig.  is  a  yellow-brown,  crys- 
talline,  very  deliquescent   mass,    becoming  uark-giccn  and  blue  at  certain 
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points  when  strongly  heated.  It  dissolves  easily  in  waier  and  in  alcohol, 
len.viiig  a  small  ipnuitiiy  'if  a  yellow  insoluble  Bait. 

The  concentrated  solution  of  ruthonions  chloride,  mixed  with  concen- 
trated solutions  of  the  chlorides  of  poia-simn  and  ammonium,  yields  (lie 
double  salts,  RujCl^KCl,  and  Rn!Jf!l(,.-iM-i4(Il1  in  the  form  of  crystalline 
precipitates,  with  violet  iridescence,  vt-ry  slightly  soluble  in  water,  insoluble 
in  ok  oh  ot. 

The  Utrii'Moritk  or  B'.rfhniic.  cii<«riifc,  l'tiiC!;,  is  tur.ivii  only  in  its  double 
salts.  The  polani:iu.iii-:n:!i,  RnCl.,  2KC1,  is  prcmiced  by  mixing  a  solution  of 
ruthenie  hydrate  in  hydrochloric  neid  iviih  potass iom  ehloride,  and  evapo- 
rating to  the  crystallising  point.  Tt.  is  brown,  with  rose-colored  iridescence, 
very  soluble  in  water,  hut  insoluble,  in  alcohol.  The  aiiimaninm  null, 
EuCl,.2MH,Cl,  is  props  red  ;ik»  :ho  p:iiassin:a  sail,  which  it  resembles  closely. 

Oxides. —  Ruthenium  forms  live  oxides,  viz.,  llnO.  l!n,Oj,  KuOj,  Ru03, 
and  RuO,,  the  fourth,  hov.evor,  being  known  only  in  combination. 

The  monoxide,  UnO,  ubiiiitn.ul  by  calcining  ilie  dicldoride  wilh  sodium 
carbonate  in  a  current  of  carbon  dioxide,  mid  washing  the  residue  with 
water,  has  a  dnrk-grii.y  color  and  me  I  a  die,  lustre;  is  no  I  acred  upon  hy  acids; 
but  is  reduced  by  hydrogen  at  ordinary  temperatures,  —  The  sesqtrioxidc,  or 
Rutheniowi  oxide,  lli:.,()3.  is  a  bliiisli-blaek  powder,  formed  by  heating  the 
metal  in  the  air.  The  corresponding  hydrate,  It ii „(.),.  fiOII,  or  RuH,0„  is 
obtained  by  precipitating  Tuthenions  ehioride  wilh  mi  ulkaline  carbonate, 
as  a  blackish-brown  substance  which  dissolves  with  yellow  color  in  acids. — 
The  dioxide,  or  ]biii,,-i,u:  n-siih;  liuO.,.  is  a-  Hnclt-bliiu  powder,  obtained  by 
roasting  the  disulphide.  lki'hei,i<-  l,:/,!ra><;  HuO^OlL.  or  Ku"l'l,Or  is  ob- 
tained as  a  gelatine  u  -  [irccipiialc  by  doc  on  loosing  piuiissiiittt  ehlororulheniato 
with  sodium  carbonate..  -The  Irivxiile,  U11O3.  commonly  called  rulhaiii:  arid, 
is  known  only  as  a  polassium-salt,  which  is  obtained  hr  igniting  ruthenium 
with  caustic  potash  and  nitre:  11  forms  mi  orange-yellow  solution.  —  The 
tetroxide,  Ru04,  is  a  volatile  compound,  antilogous  to  osmie  letr oxide,  ob- 
tained by  healing  i-niiicniuni  wii.li  poiash  mid  nil  re.  in  a  silver  crucible,  dis- 
solving the  fused  mass  in  water,  and  passing  chlorine  through  the  So'.iilion. 
in  a  tubulated  retort,  coimi'ded  by  a  eondensing-tube  with  a  receiver  con- 
taining potash.  The  tc(ro?ide  then  pusses  over  and  condenses  in  the  neck 
of  the  retort,  and  in  the  tube,  as  a  gold  on -yellow  erysrailiiie  crust,  which 
melts  between  50°  and  60°.  It  is  heavier  than  oil  of  vitriol,  dissolves 
slightly  in  water,  readily  in  hydrochloric  noid,  forming  a  solution  easily 
decomposed  by  alcohol,  sulphurous  acid,  and  oilier  reducing  agents. 

Sulphides.  —  Hydrogen  sulphide,  passed  into  a  solution  of  either  of  the 
Chlorides  of  ruthenium,  usually  farms  a  prceipilale  consisting  of  ruthenium 
Sulphide  and  oxy  sulphide  mined  with  free  sulphur.  The  blue  solution  of 
the  ilicbloride  yields  a  daili-brown  scs(|iiisiiiphuic.  fn.l',.  When  i,yilr.i;,en 
sulphide  is  passed  for  a  long  litne  into  a  solution  of  the  trichloride,  ruthe- 
nium disulphide,  RnS,,  i-s  formed,  as  a  brown-yellow  precipitate,  becoming 
dark-brown  by  calcination. 

AmmoNiaoai,  ItuiuuMTHi  Comi'Ou M>.s.  —  Tetrsminj.imf>-li'/poriiflif.jiious  Mor- 
ide,  4KH..RuC1..3(ll'i.„  or  l"N,ll4r,u"i  K  flj.Ji'i,  oOll..  is  formed  by  boiling 
the  solution  of  ammonium  chloi-oriub'eniatc  ;  KuCl^.'j'N  11  ,(.-1),  with  ammonia. 
It  forms  golden-yellow  oblique  rhoinbic  crystals,  very  soluble  in  water,  in- 
soluble in  alcohol.  Treated  with  silver  oxide-,  it  yields  the  corresponding 
oxide,  4NH3.RuO,  which,  however,  is  decomposed  by  evaporation  of  its 
solution,  giving  olf  half  lis  ammonia,  and  leaving  1  lift  compound  2^11,. RuO, 
or  (MjII6Ru")0.  Tho  carbonaie.  nitrate,  and  sulphate,  obtained  by  treat- 
ing this  last-mentioned  oxide  with  the  corresponding  silver  salts,  form 
yellow  crystals. 
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Tie  compounds  of  ruthenium  may  readily  be  distinguished  from  those 
of  the  other  platinum-metals,  by  fusing  a  few  milligrammes  of  the  sub- 
stance in  a  platinum-spoon,  will)  si  large  excess  of  nit.ru,  leaving  it  to  cool 
when  it  ceases  to  froth,  inul  dissolving  the  cooled  mass  in  *  little  distilled 
water.  An  orange-yellow  solution  ol  potassium  ruthcuia.te  is  thus  formed, 
which  on  addition  of  a  drop  or  two  of  nitric  acid,  yields  a  bulky,  black 
precipitate;  and  on  adding  hydrochloric  aeid  to  the  liquid,  with  the  pre- 
cipitate still  in  it,  mill  heating  it  in  a  porcelain  crucible,  the  oxide  dissolves, 
forming  a  solution  which  has  :i  fine  orange-yellow  wtieit  concentrated,  and 
when  treated  Willi  hiidro'jrn-sikphidi,  till  it  becomes  nearly  black,  yields  a 
filtrate  of  a  splendid  sky-blue  color.  Characteristic  reactions  are  also  ob- 
tained with  potassium  sulphomitiiJiU,  which  colors  the  liquid  deep  red,  chang- 
ing to  violet  on  heating,  and  with  lead  ac:U:t<;  which  forms  a  purple-red 
precipitate. 


Atomic  weight.  ]:'■',!.      Svth1-.(i'„  Os. 

The  separation  of  this  metal  from  iridium,  ruthenium,  and  tho  other 
metals  with  which  it.  is  associated  in  native  osiiiiridium,  and  in  platinum 
residues,  depends  chiefly  on  its  ready  uxiihitinii  ivif.l.i  nitric  or  nitromuratic 
acid,  or  by  ignition  in  air  or  oxygen,  and  i.Ilc  volatility  of  the  oxide  thus 
produced. 

To  prepare  metallic  osmium,  the  solution  obtained  liy  condensing  the 
vapor  of  osmium  tetroxide  in  potash  (p.  Sf:Vi  is  mixed  with  excess  of  hy- 
drochloric acid,  and  digested  with  mercury  in  a  wcll-eiosed  bottle  at  40= 
C.  (104°  F.)  The  osmium  is  then  reduced  by  the  mercury,  and  an  amalgam 
is  formed,  which,  when  distilled  in  a  stream  of  hydrogen  till  all  the  mer- 
cury and  calomel  are  expelled,  leaves  metallic  osmium  in  the  form  of  a 
black  powder  (Bei'tfelins).  The  metal  may  also  be  obtained  by  igniting 
ammonium  chloro-osmitc  with  sal-ammoniac. 

The  properties  of  osmium  vary  accord ing  to  its  mode  of  preparation.  In 
the  pulverulent  stale  it  is  blaek,  destitute  of  metallic  lustre,  which,  how- 
ever, it  acquires  by  burnishing;  in  the  compaet  suite,  as  obtained  by  Ber- 
zelius's  method  above  described,  ii  exhibits  iiicfallie  lustre,  and  has  a  den- 


bluish-black,  easily  divisible  lumps.  When  heated  to  the  melting  point  of 
rhodium,  it.  becomes  more  compact,  and  acquires  it  density  of  21  -8  to  214. 
At  a  siill  high (iv  leiiiper;itiirc.  capable,  of  melting  ruthenium  and  iridium, 
and  volatilising  platinum,  esniium  likewise  volatilises,  but  still  does  not 
melt;   in  fact,  it.  Is  the  must,  refractory  of  all  metals. 

Osmium  in  the  finely  divided  stole  is  highly  combustible,  continuing  to 
burn  when  set  on  tire,  till  it.  is  all  volatilized  as  tetroxide.  In  this  slate 
also  it  is  easily  oxidized  by  nitric  or  nitromurialie  acid,  being  converted 
into  tetroxide.  But  after  exposure  10  it  red  heai,  it  becomes  less  combus- 
tible, and  is  not  oxidi'/ed  by  nitric  or  nitroimiriatic  acid.  Osmium  whieh 
has  been  heated  to  the  melting-point  of  rhodium,  does  not  give  off  any 
vapor  of  tetroxide  when  heated  in  the  air  to  the  in  el  ting-point  of  zinc,  taut 
takes  five  at  higher  temperatures. 

Osmium  Chlorides.  —  Osmium  forms  ibree  chlorides,  analogous  to  those 
of  iridium  and  ruthenium.  When  it  is  bcalcd  in  dry  chlorine  gts,  there 
is  formed,  first  a  blue-lilac!;  suh'lnmle  of  the  diiddoride,  then  a  red  subli- 
mate of  the  tetrachloride.     The  du-'hkrkk,  or  hypo-o-rmkus  chloride,  dissolves 
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in  water  with  dark  violet-blue  color.  Tt.  is  likewise  formed  by  the  action 
of  reducing  agents  on  either  of  the  bi.u'iioi'  chlorines,  into  which,  on  the 
other  hand,  it  is  easily  converted  by  oxidation.  The  addition  of  potassium 
chloride  renders  it.  more  stable,  l.tv  forming  a  double  suit.  The  trichloride, 
OSjCl6,  lias  not  been  isolated,  bnr.  is  contained  in  the  solution  obtained  by 
treating  the  aesquioxiile  with  hydrochloric  aeid.  It  forms  double  salta 
with  alkaline  chlorides,  The  puio.^otm-solf,  OH,CiB.fiKCl.iiOH3,  is  produced 
together  with  potassium  ohlorosniatc,  when  a  mixture  of  pulverized  osmium 
and  potassium  chloride  is  ignited  in  chlorine  gus;  it  forms  dark  red-brown 
erystais. 

The  tetrachloride,  or  Ostnie  chloride,  OsO,,  is  the  red  compound  which  con- 
Btitut.es  the  principal  part,  of  the  product  obtained  by  igniting  osmium  in 
chlorine  gas.  It.  dissolves  with  yellow  color  in  water  and  alcohol,  and  is 
decomposed  quickly  in  dilute  solmimi,  more  .sluwly  in  presence  of  hydro- 
chloric aeid  or  molalbc  chlorides,  yielding  a  black  precipitate  of  6 smic 
oxide,  and  a  solntiott  of  osmium  lelru.xide  in  hydrochloric  acid. 

Osmic  chloride  unites  with,  the  chlorides  of  the  alkali-metals,  forming 
salts  so  10  ell  to  e.s.  eallr.d  '■■■.'.;/rW...,,.jW,  ,'...■.  or  efii^'osicates.  From  the  solutions  of 
these  suits,  lii/drtu/fn  .in!/-i>idc,  am]  wuino/ii'im  sulphide,  slowly  precipitate  a 
yellow-brown  sulphide  insoluhie  in  alkaline  sulphides1 ;  stiver  nitrate-  forms 
an  olive-green,  stannous  ddori.de  it  brown  precipitate.  Tannic  acid,  on  heat- 
ing, produces  a  blue  color,  but  no  precipitate;  jiotueMmn  fcrrocitanide.  first  a 
green,  then  a  blue  color:  ;.■■■■,':,',•■,•■■>;  .'.■<  iei'tcl. .  a  deep  purple -red  color.  Potash 
gives  a  black,  tnw.i'.  a  brown  precipitate,  slowly  in  the  cold,  immediately 
on  boiling.     Metallic  zto*  and  sodium  format*  i  b  row  down  metallic  osmium. 

Sodium,  osudvcJdon.de;    OsCl,,.  2NuCl,    prepared    by   heating  a    mixture  of 

osmium  sitiphidc  am.l  sodi chloride  in  u  current,  of  chlorine,  crystallizes 

in  orange- colored  rhombic  prisms,  an  inch  long,  easily  soluble  in  water, 
and  in  alcohol.  The  po'iift/vm-  and  ,ir,ii:n.!:iuni  sulu,  of  analogous  composi- 
tion, are  obtained  as  red-brown  crystalline,  precipitates  on  adding  sal-am- 
moniac or  potassium  chloride  to  the  sohnion  of  the  sodium  salt. 

Oxides.  — Osmium  forms  five  oxides  analogous  to  those  of  ruthenium, 
The  monoxide  or  kyp'--c,sj<ii<uis.  „-.rJde,  OsO,  is  obtained  by  igniting  hypo-osmi- 
Olis  sulphite  in  a  stream  of  carbonic  acid  gas;  also  as  ldue-black  hydrate, 
by  heating  the  same  salt  with  sirong  jioiasli  solution  in  a  closed  vessel. 
Hypo-osmious  sulphite,  HO,Os"  or  SO^OsO,  is  a  black-blue  salt,  produced 
by  mixing  the  aqmmus  solution  of  osmium  l.otroxide  with  sulphurous  acid. — 
The  sesomoxide  or  osneiou::  oy-ide,  Osa03,  is  obtained  by  heating  either  of  the 
double  salts  of  the  trichloride  wii  h  sodium  carbonate  in  a  stream  of  car- 
bonic acid  gas.  ft  is  a  black  powder  insoluble  in  acids.  The  hydrate,  ob- 
tained by  precipitation,  has  a  dirty  brown-red  color,  is  soluble  in  acids,  but 
does  not  yield  pure  salts. 

The  dioxide,  or  Osmic  ozide.  OsO,,  is  obtained  as  a  black  insoluliie  powder, 
by  healing  jindissiiini  osruiochiorido  with  sodium  carbonate  in  :i  slream  of 
carbonio  acid  gas,  or  in  copper-red  nieialiic-shiuing  lumps,  by  heating  (he 
corresponding  hydrate.  Osu.,e.  hydrate..  Ost).,.^UII.,,  is  obtained  by  precipi- 
tating a  solution  of  potassium  osmio-ehloride  with  potash,  at  the  boiling 
heat,  or  in  greater  purity  by  mixing  a  solution  of  potassie  osmitc,  OsOs.KaO, 
with  dilute  nitric  acid. 

The  Irioxide,  Os03.  is  not  known  in  the  free  state,  but  combines  with 
alkalies,  forming  salts  called  usmiifs,  which  are  produced  by  the  action  of 
reducing  agents  on  the  lei  reside  in  presence  of  alkalies.  The.  potassium  salt, 
UsU..Kil).L<.HL,  is  a  rose-colored  crystalline  powder. 

The  telroxide,  OsO,.  commonly  called  vsiicie  aeid,  is  the  volatile,  strong- 
smelling  compound,  formed  when  osmium  of  either  of  its  lower  oxides  is 
heated  in  the  air,  or  created  with  nitric  or  nifromuriatie  acid.      It  may  be 
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prepared  by  beating  osmium  in  a  ourroiif  of  oxygen  gas,  and  condenses  in 
the  cool  part  of  the  aijuaratus  in  colorless,  transparent,  crystals.  It  melts 
below  100°,  and  hoik  at  a  temporal  urc  u  little  above  its  melting  point.  Its 
vapor  has  an  intolerably  pungent  oiloi' ;  attacks  (ho  oyos  strongly  and  pain- 
fully, and  is  excessively  poisonous.  Osmium  tctroi.iile  is  dissolved  slowly, 
but  in  considerable  i|ii;iiitii y,  by  water,  fiiinrina;  an  acid  solution.  It  is  a 
powerful  oxidising  a.gent,  decolorizing  indigo  solution,  separating  iodine 
from  potassium  iodide,  converting  alcohol  into  aldehyde  and  acetic  acid,  &o. 
It  dissolves  in  all.'alies.  fmimnji  yellow-rod  solutions,  which  are  inodorous 
"■lien  cold,  but  lvln-u  heated,  give  oil'  the  telroxide  and  free  oxygen,  leaving 

Sulphides.- —  Osmium  burn-'  in  sulphur-vapor,  i'ive  sulphides  of  osmium 
are  said  to  exist,  ami  logons  to  the  oxides.  I  In;  lirst  iVinr  being  produced  by 
decomposing  the  coircspondin.;  c'uh, rides  with  hydrogen  sulpiiide,  and  the 
tet.rasulpliide  by  passing  t 'lu-t-  gas  ini  o  :i  solution  of  the  Iclroxide.  The  last 
is  a  sulphur-acid,  perfectly  soluble  in  water,  whereas  the  others  arc  sul- 
phur-bases, slightly  soluble  in  wilier,  and  forming  licop  yellow  solutions. 

Ammoniacai  Osmium  Compounds.  —  A  <;oM  solution  of  potassium  osmite, 
mixed  with  sal-amoiouiae,  yields  ;i.  yellow  ei  y  still  lino  precipitate,  consisting, 
aecording  to  Clans,  of  hi/ilnU'-'l  <».<«..  immanhim  chbuuJc,  (N.,[lj.Os")Cl3.  An 
aqueous  solution  of  the  toti-oxide  treated  i.itii  ammonia,  yields  a  brown- 
black  powder,  consisting  of  NaHeOs03,  or  [NjH6(OsO)"]O.OHj. 

Oshiamic  Aom,  Os^'.O.Ii,. — -The  poiassium-salt,  of  Ihis  bibasie  acid, 
Os.jN.^OjKj,  is  produced  by  the  action  of  ammonia  on  a  hot  solution  of 
osmium  :ei!'oxiile  in  excess  of  potash: 

60s04  +  8NH3  -f  60KH  =  SOh^TjOjK,  +  160H,  +  N2. 
It  separates  as  a  yellow  crystalline  powder,  ami  its  sol u lion,  treated  with  sil- 
ver nitrate,  yields  a  precipitate  of  silver  osmiamale,  Os.,Nj06Ag,,  from  which 
the  aqueous  aeid  may  be  prepared  by  decomposition  with  hydrochloric  acid. 
It  is  a  strong  aeid/lecomposini;,  not  otiiy  the  carbonates,  but.  also  the  chlor- 
ides, of  potassium  and  sodium.  The  ostniitiuates  of  (lie  alkali-metals  and 
alkaline  earth-metals  are  soluble  in  water  ;  the  lend,  mercury,  and  silver 
salts  are  insoluble. 

All  osmium  compounds,  when  henicd  with  excess  of  nitric  aeid,  give  off 
the  unpleasant  odor  of  ostnitim-totroxide.  liy  ignition  in  hydrogen  gas, 
they  are  reilueed  (o  metallic  osmium,  which,  as  well  as  the  lower  oxides, 
emits  the  same  odor  when  heated  in  contact,  with  the  air.  The  reactions  of 
osmium,  salts  in  solution  have  idi-cady  been  described. 


Atomic  weight,  118.     Symbol,  Sn.  (Stannum.) 

This  valuable  metal  occurs  in  the  stale  of  oxide,  nnd  more  rarely  as  sul- 
phide: the  principal  tin  mines  are  'Lose  of  Siixmiy  ami  Bohemia,  Malacca, 
and  more  especially  Cornwall.  In  Cornwall  Hie  tiu-stc.no  is  found  as  a  con- 
stituent of  metal-hearing  veins,  associate  I  v.  ii  li  cupper  ore.  in  granite  and 
slate-rocks;  and  its  an  alluvia!  deposil,  mixed  with  rout. .led  pebbles,  in  the 
beds  of  several  small  rivers.      The   fust   va.iiety   is  called    mint;-  and    the 
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second  dream-tin.     Tin  oxide  is  ah'.)  found  (lissom mated  through  the  rock 
itself  in  small  crystals. 

To  prepare  the  ore  for  reduction,  if  is  stamped  to  powder,  washed,  to 
separate  as  much  as  possible  of  this  earthy  matter,  and  roasted,  to  expel 
sulphur  and  arsenic:  it.  is  (hen  strongly  heated  with  coal,  and  the  metal 
thus  obtained  is  east  into  largo  blocks.  Two  varieties  of  commercial  tin 
are  known,  called  grain-  and  iur-tin  ;  Ihe  li  est.  is  the  best ;  it  is  prepared  from 
the  stream  ore. 
.  Pure  tin  has  a  while  color,  approaching  Ihui.  of  silver;  it  is  soft  and 
malleable,  and  when  bent  or  twisted  emils  a-  peculiar  crackling  sound;  il 
has  a  density  of  73  and  mulls  a.l.  2:!.7°  C.  {^fi7c  F.)  Tin  is  but  little  acted 
upon  by  air  and  water,  even  conjointly;  when  healed  above  its  melting 
point,  it  oxidizes  rapidly,  becoming  convorlc.d  inlo  a  whitish  powder,  used 
in  the  arls  for  polishing  under  ihe  name  of  j>n ItiJ -puiciitr.  Tlie  metal  is 
attacked  and  dissolved  by  hydrochloric  acid,  with  evolution  of  hydrogen: 
nitric  acid  acts  with  great  energy,  converting  it.  inlo  a  white  hydrate  of  the 

Tin  is  n.  tetrad  metal,  ami  forms  two  well-defined  classes  uf  compound?, 
namely,  the  stannous  eumjmimds,  in  which  ii  is  bivalent,  as  Sn"Cls,  Sn"I8, 
Sn^O,  &c,  and  the  n-mi/iii-  cui/ma^i'i.  in  which  it  is  quadrivalent,  as  Sn''Cl4, 
SnlrO.,  &C. ;  also  a- few  compounds  called  .v.';,o..«.(..?e-','(.'w. vie  eontp'iunds,  of  inter- 
mediate composition,  and  |.[-!:' i;i'i:  .\  formed  by  combination  of  stannous  and 
Stannic  compounds.  .1.3.,  ^n.y\--MnC\.,V!n{:\i\   bu.ps     SnO.SnCv 

Chlorides. — The  dioli/o-rid,'.,  or  Simmon?  chloride,  HnC'i,,  is  obtained  in  the 
anhydrous  state  by  distilling  a  mixture  of  calomel  and  powdered  tin,  pre- 
pared by  agitating  the  melted  metal  in  a  m  ooden  box  until  it  solidities.  It 
is  a  gray,  resinous-looking  substance,  fusible  l.ioiow  redness,  and  volatile  at 
a-  high  temperature. 

The  hydrated  cldorid,:,  enmmonly  called  <hi-v:h'.  is  easily  prepared"  by  dis- 
solving  metallic  tin  in  boi  hydrochloric  acid,  J:  cry  si  a!  lines  in  needles  con- 
taining SriClj.iOlfj,  wdiicb  ace  freely  seluhle  in  a  small  quantity  of  water, 
but  are  apt  to  be  decomposed  in  part  when  put  into  a  large  mass,  unless 
hydrochloric  aoid  in  excess  be  present.  Solution  of  stannous  chloride  is 
employed  as  a  deoxidizing  agent;  it  reduces  the  salts  of  mercury  and  other 
metals  of  the  same  class,  it.  is  al-o  c\tensh  elj  employed  as  a  mordant  in 
dyeing  and  calico-printing  ;   sometimes  also  as  an  anlichlore. 

Stannous  chloride  1  miles  wish  the  chlorides  of  Ihe  alkali- metals,  forming 
crystallizahle  double  sails,  »St!L'i.,.-KI..'l,  i;c,  called  X'tuinovo-r.hl.ortdB;  or 
Chloroslanmtes. 

The  letT/icklorid,',  or  Rimiuic  eh'oriJ*,  PnOl.,.  is  an  old  and  very  curious 
compound,  formerly  nailed  fm»iiu/  liquor  of  hilavius.  It  is  made  by  ex- 
posing metallic  tin  to  the  action  of  chlorine,  or,  more  conveniently,  by  dis- 
tilling a  mixture  of  1  part,  of  pewdc.red  tin  with  fj  pints  of  corrosive  subli- 
mate It  is  a  thin,  colorless  mobile  liquid,  boiling  at  J  W  C.  (248°  F.)>  and 
yielding  a  colorless  invisible  vapor.  It  fumes  in  Ihe  air,  and  when  mixed 
with  a  third  part  of  water,  solidifies  to  a.  soft,  fusible  mass  called  hutter  of  tin. 
The  solution  of  stannic,  chloride  is  much  employed  by  the  dyer  for  the 
brightening  and  fixing  of  rod  colors  and  is  sometimes  designated  by  the 
old  names,  "composition,  phy  sic,  or  tin  solution  ;':  it  is  commonly  prepared 
by  dissolving  metallic  tin  in  a  mixture  of  hydrochloric  and  nitric  acids, 
care  being  taken  to  avoid  too  great  elevation  of  temperature.  The  solution 
when  evaporated  yields  a.  delii|iieseetil  crysialline  hydrate.  SnClj.bOIf,. 

Stannic  chloride  forms,  with  the  chlorides  of  I  ho  alknli-inetals  and  alkaline 
earth-metals,  crystalline  double  sails,  ca'.led  Sinmxvt-.h.ridrsriv  Chlorosta-iinatcs, 
e.g.,  S"nCl4.2NIT,CI ;  SuClj.]3ji01a,  So.  1!  also  forms  crystalline  compounds 
with  the  pentachlorido  and  oxychioride  of  phosphorus,  viz..  SuClj.PCl5.  and 
SnClj.POCl;,,  and  a  solid  ta.unpoi.tnd  with  phosphine,  containing  8SnCI,.i;P.tlj. 
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The  Irii'Mmiih,  or  Siinnm-tn-atunnk  cldorid,;  known  only  in  solution,  is 
produced  by  dissolving  the  hestiiiiuKiile  in  hydrochloric  acid.  Tbe  solu- 
tion acts  liko  a  mixture  (if  the  dicrdoride  ami  tetrachloride. 

Fluohibes. — Sta/in->n:>  fluoride,  8uF2.  obtained  by  evaporating  the  solution 
of  stannous  oxide  in  hyiirolluoric  m ■■i-.l.  orvstaiil/.es  in  .small  shining  opaque 
prisms.  Stannic  fluoride,  SiiF,,  is  not  known  in  the  free  elate,  but  unites 
with  other  metallic  Ibioridos,  f i / 1 - : ; j L i j <r  cr;.  sia'.lino  compounds  called  slanno- 
fluorides  or  Jlna *■'■<■.'.■ .■;« (■.■■•.  isunc.irpheus  with  tl.;e  corresponding  silieofiuor- 
ides,  titanofiiioridos,  and  zircon  in. .rides.  Tim  potassium  salt  contains 
SniV2KCLOfl2,  the  barium  sail,  ,StiF4.EaFs,  &c. 

Oxides.—  The  monoxide,  ov  Siammus  o:.:>d,\,  SnO,  is  produced  by  heating 
stannous  oxalate  out  of  com  net.  wil  li  the  air ;  also  bv  igniting  stannous  hy- 
drate. This  hydra/?,  liSnO.OII,,  or  SnJIaO,.  is  obtained  as  a  white  precipi- 
tate by  decomposing  slsnnoos  chloride  wiili  an  alkaline  carbonate,  carbon 
dioxide  gas  being  at  the  same  time  evolved.  This  hydrate,  carefully  washed, 
dried,  and  heated  in  an  nliuo-phore  of  carbon  dioxide,  leaves  anhydrous 
stannous  oxide  as  n  dense  black  powder,  which  is  permanent  in  the  air,  but 
when  touched  with  a  red-hot  body,  lakes  lire  anil  bin-its  like  tinder,  pro- 
ducing the  dioxide.  The  hydrate  is  freely  soluble  in  caustic  potash;  the 
solution  decomposes  by  keeping  into  melallic  tin  ami  dioxide.  It  dissolves 
also  in  sulphuric  acid,  ibmiii:;:  :■■■.-.■■■■■■■.•■  .>■■■■.'..■■■:  ■■■'■.  l^U^Su''-',  which  crystallizes 
in  needles. 

The  xemjuitttith,  Kii.O,.  is  produced  by  (he  action  of  hydra.tcd  fervie  oxide 
upon  stannous  chloride  :  k  is  a  grayish,  slimy  subs  I  a  nee.  soluble  in  hydro- 
chloric acid,  and  in  ninmoma.      This  oxide  has  been  iu.r.  little  examined. 

The  dioxide,  or  Si.iiiiilc.  oxide,  Sn< ).,.  occurs  native  its  tin-stone  or  cassi- 
terite,  the  common  ore  of  tin,  and  is  easily  formed  by  heating  tin,  stan- 
nous oxide,  or  stannous  hydrate  in  contact  with  the  air.  As  thus  pre- 
pared, it  is  a  white  or  yellowish  amorphous  pcvdei' ;  but  by  passing  the 
vapor  of  stannic  chloride  mixed  with  aqueous  vapor  through  a  red-hot 
porcelain  tube,  it  may  lie  obtained  in  ct'yslals.  Jr.  is  not  attacked  by  acids, 
even  in  the  concentrated  state. 

Stannic  oxide  forms  two  hydrates.  diTering  from  one  another  in  compo- 
sition and  properties;  be.ih,  however,  being  acids,  and  capable  of  forming 
salts  by  exchauiiiiig  their  hydrogen  for  metals.  These  liydrates  or  acids 
a.re  stannic  acid,  SnO...UI  l'2.  or  ri-]i()3!l2,  aid  .■■■.■■  ■■■.■•■■  ■  /;■/.■!■  ■  ■■.■■>'■/.  Sn5OwS011j,  or  Sn6 
Qi6H,0,  the  former  be  toe;  capable  of  exchanging  the  whole  of  its  hydrogen  for 
metal,  and  forming  :he  tlt/nna.!::.!.  eonriiinitig  Sui  >3'M, :  while  the  latter  ex- 
changes only  one  fifth  nf  its  hydrogen,  forming  i  lie  /■■.'-/■/rta/niufes,  rbi50lsI-I3M2. 

Stannic  acid  is  precipe  it  led  by  acids  fri'mi  so",  u  lions  of  alkaline  Stan  nates, 
also  from  solution  of  stannic  chloride,  by  calcium  or  barium  carbonate  not 
in  excess;  alkaline  carbonates  throw  down  ;iii  acid  staunato.  When  dried 
in  the  air  at  ordinary  temperatures,  it  Jias,  according  to  Weber,  the  com- 
position, SnOj.JOlI,;  in  a  vacuum  half  the  water  ;.*  given  off,  leaving 
BnOj-OHj. 

Stannic  hydrale  dissolves  in  I  he  stronger  acids,  forming  (he  stannic  salts; 
thus  with  sulphuric  acid  it.  forms  stannir.  sulpha!:-  [?■■<.) t\. fin",  or  aSOj.SnO.,. 
hydrochloric  'acid  Convert*  it  into  the  tetrachloride.  Toe  stannic  salts  of 
oxygen  aeius  are  very  unstable. 

Stannales. — Stannic  Jiydra.tc  exliibiis  arid  niorli  more  decidedly  than 
hasio  properties.  It  forms  easily  snliio'e  salts  with  the  alkalies,  and  from 
these  the  insoluble  -lanoatet  of  the  earth-metals  ami  Jieavy  metals  may  be 
obtained  by  precipitation.  8t;<lin.iii  sta/in//",  ISiii.ijNo,,  which  is  much  used 
in  calico-printing  us  a  -preparing  stilt"  or  mordant,  is  produced  on  the 
large  scale  by  fusing  tin-stone  with  hydrate,  uil.rate,  chloride,  or  sulphido 
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of  sodium;  by  boiling  the  tin  ore  with  ouusiio  soda  solution;  by  fusing 
metallic  tin  with  a  mixture  of  sodium  nii.rnto  and  carbonate  ;  or  heating  it 
willi  soda  solution  mixed  wi1.li  sodium  nitrate  and  diioride.* 

Metaslanait.  arid  is  produced  by  iln>  anion  i.i'  nitric  acid  upon  tin.  When 
dried  in  il.n  air  at.  ordinary  1cmpora:iires.  it  contains  o.SnO.,.  ItlOlI,,  or  Sn, 
UICI I  J.  •"'!  111.,,  h.u.  ill  10i>'J  it  gLve.ii.  i.'ff  ~>  molecules  of  wilier,  nnd  is  reduced 
to  SnsO,sH|(|.  It  is  a  while  crystalline  powder,  in  soluble  in  water  and  in 
acids,  it  dissolves  slowly  in  alkalies  forming  uielasiauuales,  hut  is  grad- 
ually deposited  in  its  original  stacc  as  the  solurien  absorbs  carbonic  add 
from  the-  air.  The  polassiuut  salt.  fin.Oj.lldK.,  or  (J-nO.)s  •  ,1Ka  ,  may  be 
precipitated  in  (lie  solid  smle  by  adding  pieces  of  solid  potash  to  a  solution 
of  rael.aslannic  acid  in  cold  potash.  It  is  gummy,  uuorystallizable,  and 
strongly  aikulino.  The  sodium  sail,  Su,0,,l[s.N;i ..  prepared  in  like  manner, 
is  crysi  alio- granular,  and  dissolves  slowly,  but  completely,  in  water.  The 
nietastan  nates  exis;  only  in  the  hydrutcd  state,  being  decomposed  whan 
deprived  of  Iheir  basic  water. 

Tin  Sulphides. — .The  mmvxmlpkhk.  PiiS,  is  prepared  by  fusing  tin  with 
excess  of  sulphur,  mid  strongly  heating  liio  product.  It  is  a  lead-gray, 
brittle  substance,  fusible  at  a  red  heat,  and  soluble,  with  evolution  of  sul- 
phuretted hydrogen,  in  ho!  hydrochloric  neid.  A  sexquisvlpliidc  may  be 
termed  by  ;r,i'ii;ly  heating  the  above  compound  with  a  third  of  ir*  weight  of 

sul p::i i :■ :    ir.  is  yedowi-ii-grny.  mid  i:-::~'.'.y  di ie;.-.ed  by  heat.      Tin.'  .'»'«;  ■'- 

pMdc,  SnSs,  or  Moaai.r.  yolj.  i.s  prepared  by  exposing  to  a  low  red  heat,  in, a 
glass  flask,  a  mixture  of  1:2  parr.'  of  tin.  ii  of  moreury,  (1  of  sal-ammoniac, 
and  7  of  flowers  of  sulphur,  Sal-ammoniac,  e:hiTi:ibn.f,  and  stannous  chlor- 
ide sublime,  while  the  bisulphide  remains  at  the  bottom  of  the  vessel  in  the 
form  of  brilliant  gold-colored  scales;  ir.  is  used  as  n  substitute  for  gold  pow- 
der. The  same  compound  is  obtained  as  :iu  amorphous,  light -yellow  pow- 
der by  passing  hydrogen  sulphide  info  ;i  solution  of  stannic  chloride. 

Stannous  sails  give  with: 

Fixed  ruuxtic  a!X-ati«,i  :   ivhite  hydrate,  soluble  In  excess. 
Ammonia  :     carbonates  "1 

u/p'itiixu'a/ii.  Milium,  !>  white  iiydrale,  nearly  insoluble  in  excess. 

and  iiaimo/iium    .      .  J 

f  black- brown  precipitate   nf  monosulphidc,  sol- 
uble in  ammoiiiuin  sulphide  eontaining  excess 
of  sulphur,   and  reprecipitafed  by   acids  as 
yellow  bisulphide. 
Ktitmiie  sails  give  With: 

Filed  euitstv:  a/kili's;   while  hydride,  soluble  in  excess. 
Ammonia ;   white  hyilrale,  slighily  soluble  in  excess. 
Alkaline  carbonates :   while  hydride,  slighily  soluble  in  excess. 
Aiu.woimt.iit  carbonate:   wdiiie  hydriite,  insoluble. 
Hydrogen  sulphide ;  yellow  preeipilato  of  bisulphide, 
Ammonium  sulphide;  the.  same,  soluble  in  excess. 
Trichloride  of  gold,  added  to  a  dilute  solution  of  stannous  chloride,  gives 
rise  to  a  brownish-purple  precipitate,  called  ,;«.";//<i  of  Cassias  (p.  371). 

The  useful  applications  of  tin  are  very  numerous.  Tinned  plate,  consists 
of  iron  superficially  alloyed  with  ibis  metal;  prictrr,  of  the.  best  kind,  is 
chiefly  tin,  hardened  by  the  admixture  of  a  liiile  antimony-,  &c.     Cooking- 
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TITAHIOM. 

Atomic  weight,  50.     Symbol,  Ti. 

This  is  one  of  the  rarer  metals,  and  is  never  found  in  the  metallic  State. 

The  most  import  an  I  lits.nium  minora]-;  arc  i-iiii!.?.  /n-uo/Jfn,  and  iimUani:,  which 
are  different  forms  of  titanic  oxide,  and  the  an  vera]  varieties  of  titaniferous 
iron,  consisting  of  ferrous  tifanjtie,  sometimes  alone,  but.  mora  generally 
mixed  with  ferric  or  frrruso-ierrie  oxide,  Occasion  silly  in  the  slag  adhering 
to  the  "bottom  of  blast-furnaces  in  which  iron  ore  is  reduced,  small  brilliant 
copper-colored  cubes,  hsird  enough  in  scraioh  glass,  iiu.d  in  the  highest 
degree  infusible,  are  found.  This  substance,  of  which  a  single  smelting 
furnace  in  the  Hart/  produced  sis  nmtli  sis  H!.i  pounds,  wits  formerly  believed 
to  ba  metallic  titanium.  ReiH-ut  resenrohos  of  Wiiiilcr,  however,  have 
shown  it  to  be  n  combination  of  titanium  cyanide  ivii.li  titanium  nitride. 
When  these  crystals  a.ro  powdered,  mixed  with  potassium  hydrate,  and 
fused,  ammonia-  is  evolved,  and  potassium  ihanafo  is  formed.  Metallic 
titanium  in  a  finely  di\  id  mi  state  may  be  obtained  by  ii eating  titanium  and 
potassium  fluoride  witli  potassium.  Thin  element  is  remarkable  for  its 
affinity  for  nitrogen  :  when  healed  in  the  air,  it  simultaneously  absorbs 
oxygen  and  nitrogeu. 

Titanium  is  tetrndio,  like  tin,  stud  i"oniii  two  classes  of  compounds ;  the 
titanic  compounds,  in  which  it.  is  qua.drivulcnl,  cij.  Ti"' CI,,  Ti"02,  and  the 
iitawms  compounds,  in  which  it  is  apparently  trivalent  but  really  also 
oisiLitrii  uienf,  e.g. : 

TiCl. 
TijClj,  or  | 

TiCl3. 

Chi.Ok.ideh TilnnoHs  rii ;.-,;■;. !,-,  Ti,(.'l(l  is  produced  liy  passing  the  vapor 

of  titanic  chloride  mixed  with  hydrogen  through  a  red-hot  tube;  it  forms 
dark  violet  scales  having  a  strung  luMro.  Tilamc  i:!,iori<h.\  TiCl,,  is  prepared 
\iy  passing  chlorine  over  an  ignited  mixture  of  titanic  oxide  and  charcoal. 
It  is  a  colorless  viiialilo  iumma;  liifuid,  ha.Ying  a.  specific  gravity  of  1-70O9 
at  0°,  vapor  density  —  (i'li'iS.  ami  belli  ni;  ai  .bio".  It  unites  very  violently 
with  water,  and  forms  definite  Compounds  iviih  ammonia,  simmonium  chlor- 
ide, hydrogen  cyanide,  cyanogen  ci)loride:  phosphino,  and  sulphur  tetra- 
chloride. 

Fluobiees.  —  Tilmmns  ih.mriih,  Ti,Fl..  is  obtained  ns  a  violet  powder  l>y 
igniting  potassio-tittinie  lino  ride  in  hydrogen  lists,  sun  1 1  reating  the  resulting 
mass  with  hot  water.  Titanic  jiuoriii:  l"i  !■'.,,  passes  over  sis  a  fuming  color- 
less liquid,  when  titanic  ox  hie  is  distilled  iviih  tluor-spsir  and  fuming  sttl-- 
phuric  acid  in  a  jilitiitii.nn  apparatus,  li  uniies  with  hydrofluoric  acid  and 
metallic  fluorides,  form  in  tc  uo  utile  -id's  called  'V/■■;.^,■'■■-:',''■o.W■/^■  or  jluo  titan  iia-tim, 
isomorphous  with  the  silieotiuoritks,  /ireoiiuorides,  Jto.,  e.g.,  TiFv2KF; 
TiF4.CaFj. 

Oxides.  — The  se/qiii&s'itli,  or  TiUinr-ttr.  osi.-ti,  Ti..03,  is  obtained  by  igniting 
the  dioxide  in  hydrogen,  as  a  black  powder,  which,  when  heated  in  the  air 
to  a  very  high  temperature,  oxidizes  to  titanic  oxide. 

'Die  dioxide  or  Tilitnif.  o.d'b:  oecurs  native  it:  three  different  forms,  viz.,  as 
I'titiie  stud  ansi.tn.se,  which  sire  dittietrle,  and  broukite,  ivhieb  is  trimetrie  ; 
of  these,  anatase  is  the  purest,  ami  rutiie.  the   most   abundant.      To  obtain 
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pure  titanic  oxide,  rut.ilo  or  tiitinil'erons  inm  ore,  reduced  to  fine  powder, 
is  fused  with  twice  its  weight  of  polassiutn  eiiL-boiiiiie.  ami  the  fused  mass 
is  dissolved  in  dilute  hydrofluoric  acid,  wdieronpon  titano-fluoride  of  potas- 
sium soon  begins  to  separate.  I'rom  the  hot  aqueous  solution  of  this  salt, 
ammonia  throws  down  snow-white  ammnninui  iit.ana.te,  which  is  easily 
soluble  in  hydrochloric  acid,  ami  when  ignited  gives  reddish-brown  lumps 
of  titanic  oxide.  This  oxide  is  insoluble  in  water,  and  in  all  acids  except 
strong  sulphuric  acid.  By  fusing  it  with  sis  times  its  weight  of  acid  potas- 
sium sulphate,  a  clear  yellow  mass  is  obtained,  which  dissolves  perfectly  in 

Titanic  oxide  appears  to  form  two  hydrates  or  aeids,  analogous  to  stannic 
ami  meias:anuic  acids.  One  of  those,  called  titrtnfc  add,  is  precipitated  by 
ammonia  from  a  solution  of  lit.n.tiie  chic  ride,  as  a  v  bite  powder  which  dis- 
solves easily  in  sulphuric,  nitric,  and  hydrochloric  aciils,  even  when  these 
acids  arc  rather  dilute:  hut  these  dilute  solutions,  when  boiled,  deposit, 
71mt.atit.am1:  hydrate,  as  a-  soft,  white,  powder,  which,  like  the  an  hydrous  oxide, 
is  insoluble  in  till  acids  except  strung  sulphuric  acid. 

The  titanate*  liave  no!  been  much  studied ;  most,  of  litem  may  be  repre- 
sented by  tlie  formula;,  Ti04IM2  — -  TiOr:IM„0,  and  TiU5M„  -^  Ti02.M20  (the 
symbol  M  denoting  a  univalent  meial ),  The  lilanates  of  calcium  and  iron 
occur  as  natural  minerals.  The  titana.tes  of  the  alkali-metals  are  formed 
by  fusing  titanic  oxide  with  alkaline  h  yd  rale-,  carbonates,  or  acid  sulphates 
—  some  of  them  also  in  the  wet  way.  When  finely  pulverised  and  levigated, 
they  dissolve  in  moderately  wann,  concetif  rated  liydcociiloric  acid;  but  the 
greater  part  of  the  dissolved  titanic  acid  is  precipitated  on  boiling  the 
solution  with  dilute  acids.  Tito  neutral  iilunates  ot  the  alii  ail- metals,  Ti03 
Ms,  are  insoluble  in  water,  but.  soluble  in  acids.  The  tilanates  of  the 
earth-metals  and  heavy  metals  are  insoluble,  and  may  be  obtained  by  pre- 
cipitation. 

In  a  solution  of  titanic  acid  in  hydrochloric  n.eid,  containing  as  little  free 
acid  as  possible,  tincture  of  gaits,  produces  an  orange-colored  proeipitate; 
potassium  fenoeyanak,  a  dark-brown  precipitate.  Titanic  oxide  fused  with 
borax,  or  better,  with  ■iin'cmnsmi't'.-siilt.  in  the  inner  blowpipe  flame,  forms  a 
glass  which  is  yellow  while  hot-,  bin.  becomes  violet  on  cooling.  The  deli- 
cacy of  tho  reaction  is  much  increased  by  melting  a  little  metallic  line  in 
the  lead. 


LEAD. 

Atomic  weight,  207.     Symbol,  Pb  (Plumbum). 

This  abundant  and  useful  metal  is  altogether   obtained   from  the  native 

Sulphide,  or  U'ikiin,  no  other  lead-ore  being  found  in  large  quantity.  The 
reduction  is  effected  in  a  rovcrberui  ory  furnace,  into  which  the  crushed 
lead-ore  is  introduced  and  roasted  for  some  time  at.  a  dull  red  heat,  by 
which  much  of  the  sulphide  becomes  changed  by  oxidation  to  sulphate 
The  contents  of  the  furnace  arc  then  thoroughly  mixed,  and  the  tempera- 
ture raised,  when  the  sulphate  and  sulphide  rca.ot.  upon  each  other,  pro- 
ducing sulphurous  oxi'le  and  metallic  lead: 

S04Pb   -f   PbS  =  Pba   +   2S02. 

T.cad  melts  at.  ol.jc",'  C.  (I'iOtF  i'.'l,  or  a  little  above,  and  boils  and  volatilizes 

at  a  wdiite  heat,      liy  slow  cooling  it  may  be  obla.inetl  in  oehiltcdral  cry  stills. 

In  moist  air  this  metal  becomes  coated  with  a  him  of  gray  matter,  thought 
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to  be  suboxide,  and  when  cmoscd  10  rbo  nimnsphoro  in  the  meltod  state  it 
rapidly  absorbs  oxygen.  Dilute  acids,  with  the  exception  of  nitric  acid, 
act  but  slowly  upon  lead. 

Lead  is  a  tetrad,  as  shown  by  the  ennstiturion  of  plumbic  ethido,  Ptf'lCj 
Hs)4;  but.  in  its  inorganic,  combinations  it.  appears  dyadic,  forming  but  one 
cliloridc,  Pb"CL„  with  Corresponding  bromide  and  iodide.  Tlie  oxide  cor- 
responding to  these  is  I'l/'O,  ami  there  uro  also  ijii!;ln'i-  oxides  in  which  the 
metal  may  be  regarded  either  as  a  dyad  or  as  a  tetrad;  thus  the  dioxide 
PbOj  may  be  formulated  either  as 

0=Pb  =  0,  Or  as  j      ">Pb. 

Lead  CunoniDE,  I'M*!,,  is  prepared  by  prccipibitini'  a  solution  of  lead 
nitrate  or  acetate  with  hydrochloric  acid  or  raiiniiiii  suit.  It  separates  as 
a  heavy  white  crystalline  precipitate,  which  dissolves  in  about  83  parts  of 
boiling  water,  and  separates  iigiiin.  on  coaling,  in  needle-shaped  crystals. 

There  are  several  oxyobloeides  oMe.ad.  one  of  wkieh,  I'b3Cl2Os,  or  PbCl,. 
2PbO,  occurs  crystallized  in  right  rhmobie  prisms  on  the  Mendip  Hills, 
thence  called  mendipiie.  Another,  constituting  Puitinsotes  white  oxychlor- 
ide,  PbsCl50  or  PbU^.t'bO,  is  prepaid  Tor  use  as  :i  pigment  by  grinding 
galena  with  strong  liydiochlorie  iic;iil.  uif.solvin.if  the  resulting  chloride  in 
not  water,  and  precipitating  with  lime-water.  A  ihird  oxy  chloride,  I'uCla . 
7PbO,  called  patent  ytlCu  or  Tuyiirfx  iidiow,  is  prepared  by  heating  I  part 
of  sal-ammoniac  wii.li  10  par';  of  litharge. 

Lead  lODinE,  PhL,  is  precipitated,  on  mixing  lend  nitrate  or  acetate 
with  potassium  iodide,  us  u  bright  yellow  ponder.  11  Inch  dissolves  in  boiling 
water,  and  crystallines  therefrom  in  beautiful  yellow  iridescent  spangles. 

Oxides.  — The  nwiivii'/t,  PbO.  culled  lithar//?  or  mtir.yk:ot,  is  ;iie  product 
of  the  direct  oxidation  of  the  metal.  It  is  most  conveniently  prepared  by 
heating  the  carbonate  to  dull  redness;  collusion  ,';,'/,  or',>;i  is  impure  monoxide 
which  has  undergone  fusion.  Lead  oxide  lias  adelionLe  si  .raw-yellow  color, 
IS  very  heavy,  and  slight lj  salable  in  water,  giving  an  a'kuiine  liquid.  It 
is  soluble  in  potash,  ami  lawsta'di/os  from  i  he  solution  in  rhombic  prisms. 
At  a  red  heat  it  melts,  and  tends  to  orynlaUiiio  11 11  cooling.  In  the  meltod 
state  it  aftaebs  and  dissolves  siliceous  mutter  with  nsltinishing  facility,  often 
penetrating  an  earthen  crucible  in  a  few  minutes.  It  is  easily  reduced 
when  heated  with  ostium  substances  of  any  kind  cnuia.it. iug  carbon  or 
hydrogen.  It  forms  a-  hirge  class  of  sub  s,  oil  en  ealled  plumbic  salts,  which 
are  colorless  if  the  acid  itself  is  not  colored. 

Tn'p'.um'iic  tttrtmde,  or  II  fl  It  ml,  is  uol-  of  very  constant  composition,  but 
generally  contains  i'b30,  or  2PhO.Ph02.  It  is  prepared  by  exposing  the 
monoxide,  which  has  not  been  fused,  for  a  long  time  to  the  air,  at  a  very 
faint  red  heat;  it  is  a  brilliant  red  and  oxtremoly  heavy  powder,  decom- 
posed, with  evolution  of  oxygen,  by  a  strong  heal,  and  converted  into  a 
mixture  of  monoxide  and  dioxide  by  acids.  It.  is  used  as  a  cheap  substitute 
for  vermilion. 

The  dioxide,  I'bO...  of;  on  culled  pi-yr  or  Or'"--.'/  '■■::''  ".■■■,■'.■■■>,  is  obtained  without 
difficulty  by  digest!  11  j;  red  losd  in  dilute  nitric  acid,  whereby  lead  nitrate  is 
dissolved  out,  and  insoluble  dioxide  lel'l  behind  in  the  form  of  a  deep-brown 
powder.  The  dioxide  is  decomposed  by  a  red  lieu!,  yielding  up  one  half 
of  its  oxygen.  Hydrochloric  neb  I  converts  ii  inlo  lead  chloride,  with  dis- 
engagement of  chlorine ;  hot  oil  of  vitriol  forms  with  it  lead  sulphate,  and 
liberal  es  oxygen.  The  dioxide  is  very  useful  in  separai  iug  sulphurous  acid 
from  certain  gaseous  mixtures,  lead  sulphate  being  'lieu  produced;  PbOa 
+  SOa  =  PbS04. 
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IMplurahic  oxiJc,  or  LearltiAnsiilr,  Vh.fi  or  I'h — 0 — Pb,  is  formed  when  the 
monoxide  is  heated  to  dull  redness  in  :i  retort:  a  gray  pulverulent  sub- 
stance ia  then  left,  which  is  resolved  by  acids  inlo  monoxide  and  metal.  It 
absorbs  oxygen  wit.h  great  vapidity  when  heated,  anil  even  when  simply 
moistened  with  water  and  exposed  to  the  air. 

Leah  Nitrate,  i'X03).,rb  or  NJ>sTt.i().  maybe  obtained  by  dissolving 
lead  carbonate  in  nitric  acid,  ov  by  acting  diremly  upon  the  metal  by  the 
same  agent  wii.li  the  aid  of  hcut:  it  is,  as  already  noticed,  a  by-product 
in  the  preparation  ot'  the  dioxide.  It  crystallize*  in  anhydrous  ociohedrons, 
which  are  usually  milk-white  and  opaque.  It  dissolves  in  7J  parts  of  cold 
water,  and  is  decomposed  by  heat,  yielding  nil  i\.»b]i  lei  roxide,  oxygen,  and 
lead  monoxide,  winch  obsiina.iely  retains  traces  of  nitrogen.  When  a 
solution  of  this  salt  is  boiled  with  an  addilional  quantity  of  lead  oxide,  a 
portion  of  the  latter  is  dissolved,  mid  a  basic  nitrate  is  generated,  which 
may  be  obtained  in  crystals.  Carbonic  acid  separalcs  this  excess  of  oxide 
ill  the  form  of  a  white  compound  oi'  lead  Cii.rboniil.i!  and  lead  hydrate. 

Neutral  and  basic  compounds  ijf  loud  oxide  with  the  i  rioxide  and  tetroxide 
of  nitrogen,  have  been  described.  These  last  arc  probably  formed  by  the 
cuiLLbiiLiii  ion  of  a  nil  rite  with  a  nitrate. 

Leao  C Akbohatu  ;  White  Lead;  C0,Pb"  or  C02PbO.— This  salt  is  some- 
times found  beautifully  crystallized  in  long  while  needles,  accompanying 
other  metallic  ores.  It  may  be  prepared  artilieially  by  precipitating  m  the 
cold  a  solution  of  the  nitrate  ov  acciatc  r.-ii  li  tin  alkaline  carbonate:  when 
the  lead  solution  is  boiling,  the  precipitaie  is  a  basic  salt  containing 
2C0,Pb.  PbHjOj;  it  is  also  manufactured  to  at,  immense  extent  by  other 
means  for  the  use  of  the  painter.  I'uve  lead  ca.vbonaie  is  a  soft,  white 
powder,  of  great-  specific  gravity,  insoluble  in  water,  but  easily  dissolved 
by  dilute  nitric  or  acetic  acid. 

Of  the  many  methods  pu!  in  practice,  or  proposed,  for  making  white 
lead,  the  two  following  are  the.  most  important  ami  interesting:  One  of 
these  consists  in  forming  a  basic  nil  rut i:  or  acetate  of  lead  by  boiling  finely 
powdered  litharge  with  I  lie  neutral  salt.  This  solutionis  (hen  brought  into 
contact  witii  carbonic  acid  ens,  whereby  all  the  excess  of  oxide  previously 
taken  up  by  the  neutral  salt,  is  at.  once  precipitated  as  white  lead.  The 
solution  strained  or  pressed  from  the  binev  is  again  boiled  with  litharge, 
and  treated  with  carbonic  acid'  these  processes  are  susceptible  of  indefinite 
repetition,  whereby  i.lie  little,  loss  of  neutral  salt  lel't  in  the  precipitates  is 
compensated.  The  second,  and  by  far  ibe  more  ancient  method,  is  rather 
more  complex,  and  at  lirst.  sight,  not.  very  intelligible.  A  great  number  of 
earthen' jars  are.  prepared,  into  each  of  which  is  poured  a  few  ounces  of 
crude  vinegar;  a  roll  of  si  i  eel -lead  is  ihen  introduced  in  such  a  manner  that 
it  shall  neither  touch  the  vinegar  nor  project  above  the  top  of  the  jar.  The 
vessels  are  next  arranged  in  a  large  building,  sidy  by  side,  upon  a  layer  of 
Stable  manure,  or,  still  bettor,  spent  tan,  and  closely  covered  with  boards. 
A  second  layer  of  tan  is  spread  upon  the  top  of  the  latter,  and  then  a 
second  series  of  pots;  these  arc  in  turn  covered  with  boards  and  decom- 
posing bark,  and  in  this  manner  a  pile  of  many  alternations  is  constructed. 
After  the  lapse  of  a  eousideraiue  time,  the  pile  is  taken  down  and  the  sheets 
of  lead  are  removed  and  carefully  unrolled  ;   i  hey  are   then  found  to  be  ill 

great,  part  converted   into  carl aie,  which  merely  requires  washing  and 

grinding  to  be  fit  for  uso.  The  nature  of  this  curious  process  is  generally 
explained  by  supposing  the  vapor  of  vinegar  raised  by  the  high  tempera- 
ture of  the  fermenting  matter,  merely  to  act  as  a  carrier  between  the  car- 
bonic acid  evolved  from  the  tan,  and  the  lead  oxide  formed  under  the  in- 
fluence of  the  acid  vapor,  a  noni.val  acetate,  a  basic  acetate,  and  a  carbonate 
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hoing  produced  in  succession,  and  ilia  action  gradually  travelling  from  the 
surface  inwards.  The  quantity  of  acetic  acid  used  is,  ill  relation  to  the 
lend,  quite  trilling:,  and  cannot  directly  cni.t.ibiuo  to  Hie  production  of  the 
carbonate.  A  preference  is  =.; ill  given  to  iinj  product  of  this  old  mode  of 
manufacture,  on  account  of  its  superiority  of  opacity,  or  body,  over  that 
obtained  by  precipitation.  Commercial  white  lead,  however  prepared, 
always  contains  a  certain  proportion  of  hydrate.  It  is  sometimes  adul- 
terated with  barium  sulphate. 

When  clean  metallic  lead  is  full  inn.  pure  water  and  exposed  to  the  air,  a 
white, .crystalline,  scaly  powder  begins  to  show  itself  in  a  few  hours,  and 
very  rapidly  increases  in  quantity.  This  substance  may  consist  of  lead 
hydrate,  formed  by  this  action  of  the  oxygen  dissolved  in  the  water  upon 
the  lead.  It  is  slighi  ly  soluble,  anil  nesy  be  rennily  ueteeled  in  the  water. 
In  most  eases,  however,  the  fitniiaiion  of  tliis  deposit-  is  due  to  the  action 
of  the  carbonic  acid  dissolve!  in  ii. a  water:  it  consists  of  carhonato  in 
combination  with  hydrate,  and  is  nearly  insoluble  in  water.  When  common 
river  or  spring  water  is  snbsdit  uted  for  the  pure  liquid,  this  effect  is  less 
observable,  the  little  sulphate,  almost,  invariably  present,  causing  the  depo- 
sition of  a  very  thin  hut  closely  adherent  f.lm  of  lead  .sulphate  upon  the 
surface  of  the  metal,  which  protects  it  from  further  action.  It  is  on  this 
account  that  leaden  cisterns  are  used  with  impunity,  at  least  in  most  Cases, 
for  holding  water:  if  the  latter  were  (piste  pure,  it  would  be  speedily  con- 
taminated with  lead,  and  the  cistern  would  he  toon  destroyed.  Natural 
water  highly  charged  wish  carbonic  acid  cannot,  under  any  circumstances, 
be  kept  in  lead  or  passed  through  leaden  pipes  with  safety,  the  carbonate, 
though  very  insoluble  in  pure  water,  being  slightly  soluble  in  water  con- 
taining carbonic  acid. 

The  soluble  salts  of  lead  behave  with  reagents  as  follows:  — 
Caustic  potash  and  sella  precipitate  a  ivhiie  hydrate  freely  suluble  in  ex- 
cess. Ammonia  gives  a  similar  white  precipitate,  nut  soluble  in  excess, 
Tho  carbonates  of  potassium,  .imii-n-m,  and  nuimmiu-m,  precipitate  lead  car- 
bonate, insoluble  in  excess.  Siiiji/titric  teid  or  a  utijihn/,.  causes  a  h  hi  to  pre- 
cipitate of  lead  sulphate  insoluble  In  nitric  acid,  i/i,-dn,i/i n  sulphide  and 
ammonium  sulphide  throw  dnwn  black  lead  sulphide.  Lead  is  readily  de- 
tected before  the  blowpipe  by  fusing  the  compound  under  examination  on 
charcoal  with  sodium  carbonate,  when  a  bead  of  metal  is  easily  obtained, 
which  is  recognized  by  its  chemical  a-  well  as  physical  properties. 

An  alloy  of  2  parrs  of  lead  and  1  of  tin  constitutes  pimidiris'  solder;  these 
proportions  reversed  give  a  more  fusible  compound,  called  fine  solder.  The 
lead  employed  in  the  manufacture  of  shot,  is  combined  ivit.il  a  little  arsenic. 


GROUP  IV.  — IRON  METALS. 

IEOH. 

Atomic  weight,  56.     Symbol,  Fe  (Ferrura). 

This  is  the  most  important  of  all  metals:   there  arc  few  substances  to 

which  it  yields  in  interest.,  when  it  is  considered  how  vary  intimately  the 

knowledge  of  its  properties  and  uses  is  connected  Willi  human  civilization. 

Metallic  iron  is  of  exceedingly  rare  occurrence  :  it  has  been  found  at  Canaan, 

in  Connecticut,"  funning  a  vein  all  on:  ;  wo  inches  think  in  mica-slate;  but  it 
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invariably  enters  into  the.  composition  of  those  extraordinary  stones  known 
to  fall  from  the  air.  Oil! led  ■ut-ewrites.  Isolated  masses  of  soft  malleable  iron 
also,  of  large  dimensions,  lie  loose  noon  ihe  surface  of  (lie  earth  in  South 
America  and  elsewhere,  ami  are  presumed  to  have  had  a  similar  origin: 
these  latter,  in  common  with  the  iron  of  I  he  undoubted  meteorites,  contain 
nickel.  In  an  oxidized  condition,  the  presence  of  iron  may  be  said  to  he 
universal:  it  constitutes  it  grout  part  of  the  common  coloring  matter  of 
rocks  and  soils;  it  is  contained  in  plants,  and  forms  an  essential  component 
of  the  hleod  of  the  animal  body.  It  is  also  very  common  in  the  state  of 
bisulphide.  Pure  iron  may  be  prepared,  according  to  Mitseherlioh,  by 
introducing  into  a  Merino  crucible  <i  parts  of  fine  iron  wire  cut  small,  and 
I  part  of  black  iron  oxide.  This  is  covered  wiih  a  mixture  of  white  sand, 
lime,  and  potassium  carbonate,  in  the  proportions  used  for  glass- m;k in g, 
and  a  cover  being  olosciy  applied,  the.  onirihle  is  exposed  to  a  very  high 
degree  of  heat.  A  button  of  pure  metal  is  thus  obtained,  the  traces  of  car- 
bon "and  silicium  present  in  the  wire  having  boon  removed  by  the  oxygen 
of  the  oxide. 

Pure  iron  has  n  white  color  a.nd  perfect  lustre  :  if.  is  extremely  soft  and 
tough,  and  has  a  spcc.ilie  gravity  of  7-8.  lis  crystalline  form  is  probably 
the  cube,  to  judge  from  itppearanoos  now  ami  thou  exhibited.  In  good  bar- 
iron  or  wire,  a  disliiiol  Ithious  texture  nitty  always  he  observed  when  the 
metal  has  been  attacked  by  rusting  or  by  the  application  of  an  acid,  and 
upon  the  perfection  of  (his  fibre  tuucli  of  its  sirene/th  and  valuo  depends. 
Iron  is  the  most  tenacious  of  all  (hit  metals,  a  wire  i,  of  an  inch  in  diame- 
ter bearing  a  weight  of  00  lbs.  It  is  very  dillicult  of  fusion,  and  before 
becoming  liquid  passes  through  a  soft,  or  pasty  condition.  Pieces  of  iron 
pressed  or  hum  me:  oil  to  gel  Iter  in  this  siate  cohere  into  a  sin, ":lt!  mass  :  the 
operation  is  termed  n-el/Hny.  and  is  usually  performed  by  sprinkling  a  little 
sand  over  the  heated  metal,  which  combines  with  the  superficial  film  of 
oxide,  forming  a  fusible  silicate,  which  is  subsequently  fnveeil  out  from 
be  two  en  the  pieces  of  iron  by  lite  pressure  up  plied  :  el  ran  sitr  faces  of  otelal 
are  thus  presented  to  each  other,  and  union  lakes  place  without  difficulty. 

Iron  does  not  oxidize-  in  dry  air  at  common  tcmperuiures :  heated  to  red- 
ness, it  becomes  covered  with  it  sea1;1  cua'iug  of  thick  oxide,  and  at  a  high 
white  heat  burns  brilliantly,  producing  the  same  substance.  In  oxygen  gas 
the  combustion  occurs  with  still  greater  case.  The  finely  divided  spongy 
metal" prepared  by  reducing  the  red  oxide  with  hydrogen  gas  takes  fire 
spoilt uuetui sly  in  i he  air.  Pure  water,  free  from  air  ami  carbonic  acid,  'hies 
not  tarnish  a  surface  of  polished  iron,  hut  the  combined  agency  of  free 
oxygen  and  moisture  speedily  leads  to  the  production  of  rusl.  which  is  a 
hydrate  of  the  sesquioxide.  The  rusting  of  iron  is  wonderfully  promoted 
by  the  presence  of  a  little  acid  vapor.  At  a  red  heat,  iron  decomposes 
water,  evolving  hydrogen,  ami  passing  into  the  black  oxide.  IKlu'.c  sul- 
phuric and  hydrochloric  acids  dissolve  it  freely,  with  separation  of  hydro- 
gen. Iron  is  strom;! v  magnetic  up  to  a  red  heat,  when  it  loses  all  traces  of 
that  remarkable  property. 

Iron  is  a  lei  rail,  forming  two  classes  of  compounds;  namely,  the/frroife 
)■/,-..,,;, „.(..,,/ j,  in  which  it  is  bivalent,  e.g.,  i'e'-'Clj,  l''o"0,  Fe"S()4,  &e„  and 
the  ferric  e.!i!np'i'::iilx,  in  which   if  is  really  quailrivaioni.  thougii  i.ppareni'iV 

Fe"'0L 

trivalent,  e.g.,  W'CL  or    I  ;  *V".03;   r'e"ySO,)3,  &e. 

Fe'"Cl3 

Chlorides. —  The  ni-Moride.,  or  Ferram  chloride,  .Fe('l3.  is  formed  by  trans- 
mitting dry  hydrochloric  aci'l  pas  over  rod-hoi  tallio  iron,  or  by  dissolv- 
ing iron  in  hydrochloric  acid.  The  hitler  solulion  yields,  when  duly  con- 
centrated, green  crystals  of  the  hytlraied  dicbloride  f'el.U,,,  lull.,  ;  they  aro 
very  soluble  and,  Ji-lUjiicspejii-,  and  rapidly  oxidize  in  the  ixif. 
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The  trichloride,  or  Ferric  eWorld-.,  lre,!''c.  is  usually  prepared  by  dissolving 
ferric  oxide  in  hydrochloric  acid.  Tin;  solution,  evaporated  to  !i  syrupy 
consistence,  deposits  red  hyd:-ai  cd  crystals,  winch  arc  very  soluble  in  water 
and  alcohol.  It  forms  double  sal's  w ii.li  potassium  chloride  and  sal-ammo- 
niac. When  evaporated  to  dryness  yml  strong!)  healed,  much  of  the  chlor- 
ide is  decomposed,  yielding  scsquioxidc  and  hydrochloric  acid:  the  remain- 
der sublimes,  and  aliocwards  condenses  in  the  I'unu  of  small  brilliant  red 
crystals,  which  deliquesce  rapidly.  Anhydrous  ferric  chloride  is  also  pro- 
duced by  the  action  of  chlorine  upon  the  heated  metal.  The  solution  of 
ferric  chloride  is  capable  of  dissolving  a  large  excess  of  recently  precipi- 
tated ferric-  hydrate,  by  which  it  acquires  a  much  darker  color. 

Ioijides.- —  Ferrous  hdide,  l-'i'.l ,,  is  mi  important  medicinal  preparation:  it 
iseasily  made  by  digesting  iodiin-  with  rai.tr  and  metallic  iron,  The  solution 
U  palo-green,  and  yields,  on  evaporation,  crystals  ■■escmbling  those  of  the 
chloride,  which  rapidly  oxidise  uti  exposure  in  air.  I.I  is  best,  preserved  in 
is  of  iron.  —  Ferric  iodide,  FeaIc,  is  yellowish- 

Iron  Oxides.  —  Three  oxides  of  iron  are  known,  namely,  ferrous  oxide, 
FoO,  and  ferric  oxide.  !'"t-2f.>-,,  analogous  to  the  chlurides,  and  an  interitii- 
diiite  oside,  usually  called  magnetic  ir'in  oxide,  uoulaittmg  FesO,,  or  FcO. 
FeaOa.  A  triosii.le.  t'ct).,.  is  supposed  to  exist  in  a  class  of  salts  called  fer- 
rates, but  it  has  not  been  isolated. 

Monoxide  or  Ferrous  oxide,  h'eO.  — This  is  a  very  powerful  base,  neutraliz- 
ing acids,  and  isoituirphous  with  magnesia,  sine  oxide,  &c.  It  is  almost 
unknown  in  the  separate  stale,  from  its  extreme  prouoness  to  absorb  oxy- 
gen and  pass  into  the  sesijuioxide.  Wiieu  a  ferrous  salt  is  mixed  with 
caustic  alkali  or  ammonia,  a  bulky  whitish  precipitate  of  ferrous  hydrate 
falls,  which  becomes  nearly  black  when  boiled,  Ihe  water  being  separated. 
This  hydrate  changes  very  rapidly  w  lien  exposed  to  the  air,  becoming  green 
and  ultimately  red-brown.  The  soluble  ferrous  salts  have  commonly  a 
delicate  pale-green  color  and  a  nauseous  metallic  taste. 

Sexqtiioxidc  or  Ferric  oxide,  Vi-fli-  ~~  -^  feeble  base,  isomorphous  with  alu- 
mina. It  oocurs  native,  most  beautifully  crystallised.  i,.s  specular  iron  ore, 
in  the  Island  of  Elba,  and  elsewhere  :  also  as  red  and  brown  hematite,  the 
latter  being  a  hydrate.  1't  is  ari.irieiutly  prepared  by  precipitating  a  solution 
of  ferric  sulphate  or  chloride  Willi  excess  of  ammonia,  and  washing,  dry- 
ing, and  igniting  the  yellowish  brown  luilrate  thus  produced;  fixed  alkali 
must  not  bo  used  in  this  operation,  as  a  portion  is  retained  by  the  oxide. 
In  fine  powder,  this  oxide  has  a  full  red  color,  and  is  used  as  a  pigment, 
being  prepared  for  the  purpose  by  calcination  of  ferrous  sulphate;  the  tint 
varies  somewhat  wilh  the  temperature  to  which  it.  has  been  exposed.  The 
oxide  is  unaltered  in  1  lie  fire,  although  easily  reduced  at  a  high  temperature 
by  carbon  or  hydrogen.  .It  ilissolves  in  acids,  wilh  difficulty  after  strong 
ignition,  forming  a  series  of  reddish  suit*,  which  have  an  acid  reaction  and 
an  astringent  taste,      ferric  oxide  is  not.  acted  upon  by  the  magnet, 

Triferro-telrozide,  Fe.rroso  ferric  oyidf.,  fe^'i  =T  ^eO.Fe.llj,  also  called  black 
iron  oxide,  magnetic  oxide,  and  Inadxinnf.. — A.  natural  |!i.'oduct,  one  of  the 
most  valuable  of  the  iron  ores,  often  found  In  regular  oetohedral  crystals, 
which  are  magnetic.  It  may  be  prepared  by  mixing  due  proportions  of 
ferrous  and  ferric  salts.  precipitating  them  with  excess  of  alkali,  and  then 
boiling  the  mixed  hydrates;  the  latter  then  unite  to  a  black  sandy  sub- 
stance, consisting  of  minute  crystals  of  tiie  magnetic  oxide.  This  oxide  is 
the  chief  product,  of  the  mida.iion  uf  iron  at  a  high  temperature  in  the  air 
and  in  aqueous  vapor.    It.  is  incapable  of  forming  definite  salts. 

Feubates.  — When  a  mixture  of  one  part  of  pure  ferric  oxide  and  four 
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parts  of  dry  nitre  is  heated  to  full  redness  for  an  hour  in  a  covered  cruci- 
ble, and  the  resulting  brown,  porous,  deliquescent  masa  is  treated  when 
oold  with  ice-cold  water,  a  deep  atuel  hysiino-red  solution  of  potassium  fer- 
rate is  obtained.  The  same  salt  may  be  more  easily  prepared  by  passing 
chlorine  gas  through  a  strong  solution  of  poiash  in  which  recently  preoipi-- 
fated  fcrrie  hydrate  is  suspended ;  it  is  then  deposited  us  a  black  powder, 
wbieh  may  be  drained  upon  a  tile.  It  consists  of  }''cO,K2  or  Fe03.OKs, 
Tho  solution  of  the  suit  gradually  decomposes,  f.tpii  in  the  eold,  and  rapidly 
when  heated,  giving  n!V  oxygen  and  depositing  sk-H.eji;; oxide.  The  solution 
of  potassium  ferrate  gives  ao  precipitate  with  sails  of  cuioiuni,  magnesium, 
or  strontium,  but  when  misurl  with  a  ban  mi;  sail,  it  yields  a  deep  crimson, 
insoluble,  barium  ferrate.  FoOJ'a,  or  l?t;(L.  I'uO,  which  is  very  permanent. 
Neither  the  hydrogen  salt,  nor  ferric  acid,  FeO,Ii2,  nor  the  corresponding 
anhydrous  oxide,  Fe03,  is  known  in  the  separate  state. 

Ferrous  Sulphate,  SO,Fe".TOn3,  SOj.FeO.70H,.-- This  beautiful  and 
important  salt,  commonly  o.i'dod  green  vitriol,  iron  vitriol,  or  copperas,  may  be 
obtained  by  dissolving  iron  in  dilute  sulphuric  aciil :  it  is  generally  prepared, 
however,  and  on  a  very  large  scale,  by  contact  of  air  and  moisture 
with  eommon  iron  pyrites,  which,  by  ul.isorpi.iiiu  of  oxygen,  readily  fur- 
nishes the  substance  in  question.  Heaps  of  this  material  are  exposed  to 
the  air  until  tho  decomposition  is  sid'icicntly  advanced:  the  salt  produced 
is  then  dissolved  out  by  water,  and  the  solution  made  to  crystallize.  It 
forms  largo  green  crystals,  of  the  composition  above  suited,  which  slowly 
effloresce  and  oxidize  in  the  air:  it  is  soluble  in  about,  twice  its  weight  of 
cold  water.  Crystals  cor:! aimer;  ■■!  and  also  -  molecules  of  water  have  been 
obtained.  Ferrous  sulphate  forms  don  tile  salts  with  i  be  sulphates  of  potas- 
sium and  ammonium,  containing  (SO.,'lJ'VKa.iiOii2,  and  (S04)sPe"(NH4),. 
b'OIIj,  isomorphous  with  the  corrcsjiemiii:^  magnesium  salts.. 

FEKHrc  Sulphate,  fSO^isl'V"2,  or  IW>3.  Ke  ,03.  is  prepared  by  adding  to 
a  solution  of  the  ferrous  suit,  exactly  one  iialf  as  niueh  sulphuric  acid  as  it 
already  contains,  raising  the  liquid  to  the  boiling-point,  and  then  dropping 
in  nitric  acid  until  the  solution  eca.ses  i.o  luael;en  by  such  addition.  The 
red  liquid  thus  obtained  furnishes,  en  evaporation  to  dryness,  a  buff- colored 
amorphous  muss,  which  dissolves  vory  slowly  when  put.  into  water.  With 
the  sulphates  of  potassium  and  ammonium,  this  sill-  yields  eempouuds  hav- 
ing the  form  and  caitst.it  niioii  of  alums;  I  he  potassium  salt,  for  example, 
has  the  composition  i&l\).,l:ts'"K.l2ult2.  The  crystals  are  nearly  destitute 
of  color;  they  are  decomposed  by  water,  and  sometimes  by  long  keeping 
in  the  dry  state.  These  salts  are  hest  prepared  riy  exposing  to  spontaneous 
evaporation  a  solution  of  ferric  sulphate  to  which  potassium  or  ammonium 
sulphate  has  been  added. 

Ferrous  Nitrate  (XOj)aFc".  —  When  dilute  cai  1  nitric  acid  is  made  to 
act  to  saturation  upon  iron  monosulphide,  ami  toe  solution  is  evaporated 
in  a  vacuum,  pale-preen  and  very  soluble  crystals  of  ferrous  nitrate  are 
obtained,  which  are  very  subject  to  alteration.  .Ferric  nitrate  is  readily 
formed  by  pouring  nitric  acid,  slightly  diluted,  upon  iron:  it  is  a  deep-red 
liquid,  apt  to  deposit  an  insoluble  hasie  suit,  ami  is  used  in  dyeing. 

Ferrous  Carbonate.  COs.Fe"  or  CO,.Fc"0. —  Tho  whitish  precipitate 
obtained  by  mixing  solutions  of  ferrous  salt  and  alkaline  carbonate :  it 
cannot  be  washed  anil  dried  without  losing  curbonic  ucid  and  absorbing 
oxygen.  This  substance  occurs  in  nature  as  spat/inst  treoi  ore,  or  iron  spar, 
associated  with  variable  quantities  of  calcium  ami  magnesium  carbonates; 
also  in  the  common  cln,  iron-stun,',  (Vom  which  nearly"  all  the  British  iron 
is  made.      It  is   often   found   in  mineral  ,.,.;liers,  being  soluble  in  excess  of 
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carbonic  acid:   such  waters  hit  known  by  the  rusty  matter  thoy  deposit  on 
exposure  to  the  air.      No  ferric  on.vbonaic  is  known. 
The  pliasphales  of  iron  arc  all  insoluble. 

Iron  Sulphides.  — -Several  compounds  of  i  con  and  sulphur  are  described : 
Of  these  the  two  most  important,  arc  the  following.  The  monosralphidc,  or 
ferrous  ■utpkiili;  l-'eS,  is  a  blackish  brittle  substance,  attracted  by  Ihe  insj- 
ii(j|.,  I'cjirii  i.--:L  by  heating  logo:  her  iron  and  sulphur.  11  is  dissolve  i.l  by  dilute 
acids,  with  evolution  of  sulphuretted  hydrogen  gas,  and  is  constantly  cm- 
ployed  for  that  purpose  in  the  laboratory,  being  made  by  projecting  into  a 
red-hot  crucible  a  mixture  of  ^.l  parts  of  sulphur  and  4  parts  of  iron  fil- 
ings or  borings  of  oast-iron,  ami  excluding  ihe  ait  as  much  as  possible. 
The  same  substance  is  formed  when  a  bar  of  white-hot.  iron  is  brought  in 
contact  with  sulphur.  The  bisulphide,  FeSa,  or  iron  pyrites,  ia  a  natural 
product,  occurring  in  rooks  of  all  ages,  and  evidently  formed  in  many  cases 
by  the  gradual  deoxidation  uf  ferrous  su!]diai.ii  by  01  gauie  matter.  It  has 
a  brass-yellow  coloc,  is  very  hard,  not  attracted  by  (ho  magnet,  and  not 
acted  upon  by  dilute  acids.  When  it  ia  exposed  to  lieat,  sulphur  is  cu- 
pelled, and  an  intermediate  stdpiiide.  I't^Sj,  analogous  to  the  black  oxide, 
is  produced.  This  substance  id  so  occurs  iai  ive,  and  to-  the  name  of  magnetic 
pyrites.  Iron  pyrites  is  the  material  mra  chiotiy  employed  lor  the  manu- 
facture of  sulphuric  aeid;  for  this  purpose  the  minora.!  is  roasted  in  a  cur- 
rent of  air,  and  the  sulphurous  at: id  formed  is  passed  into  the  lead  cham- 
bers;  the  residue  consists  of  iron  oxide,  frequently  containing  a  quantity 
of  copper  large  enough  to  render  i  ho  extraction  ot"  that  i octal  remunerative. 

Compounds  of  iron  with  phosphorus,  cu.rhfM,  and  silkium  exist,  but  little 
is  known  respecting  them  in  n  definite  state.  The  carbonida  is  contained 
in  cast-iron  and  in  steel,  to  which  it  communicates  ready  fusibility;  tho 
silicium  compound  is  also  found  in  east-iron.  Phosphorus  is  a  very  hurt- 
ful, substance  in  bar  iron,  as  it  renders  it  brittle  or  euld-shOTt. 

Reactions  Ov  Ikoji  Salts.  —  Ferrous  suits  are  thus  distinguished: 
Caustic  ttUttdb's.  and  amnitniiii,  give  nearly  while  precipitates,  insoluble  in 
excess  of  the  reagent,  vapidly  becoming  green,  and   ultimately  brown,  by 

down  whitish  ferrous  carbonate,  also  very  subject  to  change.  Hydrogen, 
sulphide  gives  no  preeipilatc,  but  mraucuiuui  mdphiik  thrown  down  black  fer- 
rous sulphide,  soluble  in  dilute  acids.  Fdiusiuutfcrrofi/uidde  gives  a  nearly 
white  precipitate,  becoming  deep-blue  iiu  exposure  to  air. 

Ferric  salts  are  thus  characterized  : 

Caustic  fixed  u.UmIus  and  ■iuuu.uu.ia,  give  foxy-red  pre cipit ales  of  ferine 
hydrate,  insoluble  in  excess. 

The  carbonates  behave  m  a  similar  manner,  the  carbonic  acid  escaping. 

lliid{\i:ji:u  sulph.de  gives  a  nearly  white  precipitate  of  sulphur,  and  re- 
duces the  scsquioxido  to  monoxide.  A  in/.ioniujii  W/' ■'*"■'"  gives  a  black  pre- 
cipitate, slightly  soluble  in  excess.  Foijissiu.iu.  jh-mcynu-idc  yields  Prussian 
blue.  Tincture  or  infusion  of  i/,it/,->i!tts  strikes  intense  bluisli-bbick  with 
:.iie  most,  dil.r.e  «... L :i1  ions  of  ferric  sai.i  v. 


Iron  Manufacture. —  This  most  important,  brunch  of  industry  consist- 
now  conducted,  of  two  distinct  parts.  -  viz.,  tno  production  from  the  01 
a  fusible  carbonide  of  iron,  and  the  subsequent  dee.  mi  position  of  the 
bonide,  and  its  conversion  inio  pure  or  malleable  ii'on. 

The  clay-iron  ore  is  found  in  association  with  coal,  forming  thin  bei 
nodules  :    it  consists,  as  already  inciiliolico,  of  ferrous  carbonate  mixed  - 
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clay;  sometimes  lime  and  magnesia  are  also  present,  it  is  broken  in 
pieces,  and  exposed  to  heat  in  a,  furnace  resembling  a  lime-kiln,  by  which 
the  water  and  carbonic  acid  are  expelled,  and  the  ore  rendered  dark- 
colored,  denser,  and  also  magnetic:  it  is  then  ready  lor  reduction.  The 
furnace  in  ivhich  this  oporauoti  is  performed  is  usually  of  very  large  di- 
mensions, 50  feet,  or  more  in  height,  and  constructed  of  brickwork  with 
great  solidity,  the  interior  lining  lined  with  exeettent  tire-bricks:  the  shape 
will  be  understood  from  the  section  shown  in  fig.  173.     The  furnace  is  close 

Fig.  113. 


at  the  bottom,  the  fire  being  main  fa  in  oil  by  a  powerful  artificial  blast  in- 
troduced by  two  or  tree  tifiinr-pip's.  as  shown  in  the  .section.  The  mate- 
rials, consisting  of  due  proportions  of  coke  or  carbonized  coal,  roasted  ore, 
and  limestone,  are  const  unity  supnlic;!  from  she  top,  (he  operation  proceed- 
ing continuously  t.ighl.  and  day.  often  for  years,  or  until  the  furnace  is 
judged  to  require  repair.  In  the  upper  pari  of  the  furnace,  where  <he 
temperature  is  sill]  very  hlurh,  and  where  cotnbu.stiWlc  "mscs  abound,  the 
iron  of  the  Ore  is  probably  reduced  to  the  metallic-  state,  being  disseminated 
through  the  earthy  numer  of  the  ore.  As  the  whole  .sinks  down  and  attains 
a  still  higher  degree  of  heat,  I  lie  iron  becomes  converted  into  carbonide  by 
cementation,  while  the  silica  and  alumina  unite  with  the  lime,  purposely 
added,  to  a  kind  of  giass  or  .ilug.  nearly  free  from  iron  oxide.  The  carbon- 
ide and  slag,  both  in  a  melted  sin  to,  reach  at  tast.  I  he  bottom  of  the  furnace, 
where  they  arrange  themselves  in  the  order  of  their  densities:  the  slag 
flows  out  at  certain  apertures  contrived  for  the  purpose,  and  the  iron  is 
discharged  from  time  d>  linn:,  ami  suffered  to  run  into  rude  moulds  of  sand 
by  opening  an  orifice   at  the  bottom  of  the   recipient,  previously  stopped 
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wills  obiy.  Such  is  the  origin  of  crude  or  casi-iron,  of  which  i liovf.  are 
so v oral  variel.ios,  distinguished  by  diit'eronce.-  of  color,  hardness,  and  com- 
position, and  known  by  Mm  nam™  of  .'/■"«//,  iilvri/,  and  ™/(i  ii'on.  The  first 
is  for  most  purposes  the  best,  iis  it.  admits  of  being  filed  and  cut  with 
perfect  ease.  The  black  ami  pray  kinds  probably  coniain  a  mechanical 
admixture  of  grapliiic,  wfiioli  separates  during  solidification. 

A  great  improvement  has  been  made  in  I  l:e  above-  dosori.bed  process,  by 
substituting  raw  eoal  J'of  coke,  ami  h'o.iwing  list,  air  instead  of  cold  into  the 
furnace.  This  is  e  (fee  red  liy  causing  the  air,  on  leaving  the  blowing-machine, 
to  circulate  through  a  fvMl«iu  of  red-hot  iron  pi  pes,  until  its  temperature 
bccinnes  high  enough  to  melt  lead.  This  alteration  has  ali'oudy  eifected. 
a  prodigious  saving  in  fins],  witlu.uil,  il  appears,  any  injury  to  the  quality 
of  the  product. 

The  conversion  of  cast  into  liar  iron  is  effected  chiefly  by  an  operation 
eailed  puddiiny :  previous  to  which,  however,  ii.  common] y  undergoes  a  pro- 
cess called  r-yiiiiiir/.  It  is  remehed,  in  contact  with  the  fuel,  in  small  !ow 
furnaces  eailed  rfifiima,  while  aiv  is  blown  over  its  surface  by  means  of 
twycrcs.  The  etl'ecl  of  lids  oym  ration  is  to  deprive  the  iron  of  a  great  part 
of  the  carbon  and  silicium  si.ssoeiatod  with  it.  The  metal  thus  purified  is 
run  out  into  a  trench,  and  sudden'.y  cooled,  by  which  it  becomes  white. 
Crystalline,  and  exceedingly  hard  :  in  this  state  it  is  called  j??ie  metal.  The 
puddling  process  is  conducted  in  an  ordinary  revorhoi'atory  furnace,  into 
which  the  charge  of  line  metal  is  introduced  by  a  side  aperture.  This  is 
speedily  melted  by  the  Ilame.  and  iis  surface  c.jvorod  with  a  crust  or  oxide. 
The  workman  then,  by  the  aid  of  an  iron  tool,  diligenlly  stirs  the  melted 
mass,  so  as  intimately  to  mix  the  o.\ide  witli  I  he  metal :  he  now  and  then 
also  throws  in  a  little  water,  with  the  view  of  promoting  more  rapid  oxida- 
tion. Small  jets  of  blue  flame  stum  appear  upon  the  surface  of  the  iron, 
and  the  latter,  after  a  time,  begins  to  lose  its  fluidity,  and  acquires,  in 
succession,  a  pasty  and  a  granular  condition.  At  this  point  the  tire  is 
strongly  urged,  the  sandy-  riartloles  oui-e  more  cohere,  and  the  contents  of 
the  furnace  now  admit  of  being  formed  into  several  large  balls  or  masses, 
which  are  then  withdrawn,  and  placed  under  an  immense,  hammer,  moved 
by  machinery,  by  winch  each  becomes  <;uicr;ly  fashioned  into  a  rude  bar. 
This  is  reheated,  and  passed  between  grooved  easl-iro!)  rollers,  and  drawn 
out  into  a  long  bar  or  rod.  To  make  the  best  iron,  the  bar  is  cut  into  a 
number  of  pieces,  which  are  aflerwards  piled  ov  bo  and  together,  again  raised 
to  a  welding  heat,  and  Immmerod  or  rolled  into  a  single  bar;  and  this  pro- 
cess of  piling  oi'  juijr,:iinj  is  somoliiues  twiee  or  thrice  repeated,  the  iron 
becoming  greatly  improved  thereby. 

The  general  nature  of  the  change  in  Ihe  puddling  furnace  is  not  difficult 
to  explain.  Oust  iron  consists  essemially  of  iron  in  coriibimil  inn  with  car- 
lion  ami  silicium.  When  strongly  honied  with  iron  oxide,  those  compounds 
undergo  decomposil  ion,  the  carbon  and  silicium  be-on  ling  oxidized  at  the 
expense  of  the  oxygen  of  the  oxide.  .\s  this  change  lakes  place,  the  metal 
gradually  loses  its  fusibility,  hut  retains  a  certain  degree  of  adhesiveness, 
so  that  when  at  last  it  comes  nutter  the  tilt-hammec,  or  between  the  rollers, 
the  particles  of  iron  become  agglutinated  into  a  solid  mass,  while  tho 
readily  fusible  silicale  of  the  oxide  is  sipiee/.ed  out.  and  separated. 

All  111 e so  processes  are,  in  fireat  iiiilain.  performed  wii  h  conl  or  coke  ; 
but.  (lie  iron  obtained  is,  in  many  respects,  inferior  rn  thai  made  in  Sweden 
and  Russia  from  the  nnignet.ic  oxiiiu,  by  ihe  use  of  wood  charcoal,  —  a  fuel 
too  dear  to  be  extensively  employed  in  fin  >;'..- cud.  Plato  iron  is,  however, 
sometimes  made  with  charcoal. 

Steel.  —  A    very    remarkable    and    most    useful    substance,    prepared  by 

heating  iron  in  e  tint  act  wii  h  (than I.      liars  nf  Swedish  iron  are  imbedded 

in  charcoal  powder,  contained  in  a  largo  rectangular  crucible  or  chest,  of 
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Homo  substance  capable  of  resisting  flip  fire,  and  opposed  for  many  hours 
to  a  full  red  heat.  The  iron  lakes  up,  under  these  circumstances,  from 
1-3  to  1*7  per  cent,  of  carbon,  becoming  harder,  ami  at.  the  same  time 
fusible,  with  a  certain  diminution,  however,  of  nutllcability.  The  activo 
agent  in  this  cementation  process  is  jn-uhitbly  carbonic  monoxide:  the 
oxygen  of  the  air  in  the  crucible  combines  with  the  carbon  to  form  that 
substance,  which  is  afterwards  decomposed  by  the  boated  iron,  one  half  of 
its  carbon  being  abstracted  by  the  latter.  The  carbon  dioxide  thus  formtd 
takes  up  an  additional  dose  or'  carbon  from  the,  charcoal,  and  again  becomes 
monoxide,  the  oxygen,  or  rather  tin;  carbon  dioxide,  acting  as  a  carrier 
between  the  charcoal  and  the  metal.  The  product,  of  this  operation  is 
called  blistered  steel,  from  the  blistered  ami  roue-It  appearance  of  the  bars  : 
the  texture  is  afterwards  improved  and  equalized  by  welding  a  number  of 
these  bars  together,  and  dtawiug  the  whole  out  under  a  light  tilt-hammer. 

Some  chemists  have  recently  asserted  that  nitrogen  is  nooessary  for  the 
production  of  steel,  and  have,  in  fact,  attributed  h>  its  presence  the  peculiar 
properties  of  this  material  ;  others,  ugnin.  have  disputed  this  assertion. 
and  believe  that  the  transformation  of  iron  into  steel  depends  upon  the 
assimilation  oi'  carbon  only  ;  experimentally,  the  question  remains  un- 
decided. 

Excellent  si  eel.  is  obiai 1  by  fusing  gray   oisi-iron  with  tungsiic  oxide  ; 

the  Carbon  of  the  iron  reduces  the  tungstic  oxide  to  tungsten  (p.  424), 
which,  forms  with  the  iron  an  alloy  possessing  the  properties  of  steel.  The 
quantity  of  tungsten  thus  absorbed  by  ihc  iron  is  very  small,  and  somo 
chemists  attribute  the  properties  uf  the  so-called  tungsten  steel  to  the  gen- 
eral treatment,  rather  than  to  the  presence  of  tungsten. 

The  most  perfect,  kind  of  steel  is  that  which  has  undergone  fusion,  hav- 
ing been  cast  into  ingot-moulds,  and  ni'icnutnls  hammered:  of  this  all  tine 
cutting  instruments  are  made,  it  is  difficult,  to  forgo,  requiring  great  skill 
and  care  on  the  part  of  the  operator. 

Steel  may  also  he  made  directly  from  some  particular  varieties  of  cast- 
iron,  as  that  from  spathose  iron  ore  containing  a  little  manganese.  The 
metal  is  retained,  in  a  melted  state,  on  the  hearth  of  a  furnace,  while  a 
stream  of  air  plays  upon  it,  and  causes  partial  oxidation:  the  oxide  pro- 
duced reacts,  as  before  staled,  on  the  carbon  of  the  iron,  and  withdraws  a 
portion  of  that  element.  When  a  proper  degree  of  stiffness  or  pastiness 
is  observed  in  the  residual  metal,  it  is  withdrawn,  and  hammered  or  rolled 
into  bars.  The  wool!,  or  native  steel  of  India,  is  probably  made  in  this 
manner.  Annealed  east  iron,  sometimes  called  run-Hied,  is  now  much  cm- 
ployed  as  a  substitute  foe  the  more  costly  products  of  the  forge:  the  arti- 
cles, when  cast,  are  imbedded  in  powdered  iron  ore,  or  some  earthy  ma- 
terial, and,  after  being  exposed  to  a  moderate  red  hear,  for  some  time,  are 
allowed  to  cool  slowly,  by  which  a  very  cm  raordiua.y  degree  of  softness  and 
rnitUe.ibiUly  is  attained.  It  is  very  possible  that  some  lilile  do-carboni/ation 
may  lake  plnee  during  this  process. 

.IkHHemt:/-  tied  is  producci.i  by  forcing  atmospheric  air  into  melted  cast-iron. 
The  Carbon  being  o\idi/od  noire  readily  than  the  iron.  it.  is  converted  into 
carbon  monoxide,  which  escup.es  in  a  sufficiently  heated  state  to  take  fire 
on  coming  in  contact  with  aimospherie  nic.  Considerable  heat  is  generated 
by  the  oxidation  of  the  carbon  anil  iron,  so  that  the  temperature  is  kept 
above  the  inching  point  of  steel  during  the  whole  of  the  operation.  When 
the  decarhuratioti  ha-,  been  carried  far  enough,  the  current  of  air  is  stopped, 
and  a  small  quantity  of  while  pig-iron,  containing  a  large  amount  of  man- 
ganese, is  dropped  into  the  liquid  met  id.  1'his  serves  to  facilitate  the  sep- 
aration of  any  gas  retained  with  the  melted  metal,  which,  after  a  few 
minutes'  res;,  is  run  into  ingot-moulds. 

The  most  remarkable  property  of  steel  is  thai-  of  becoming  exceedingly 
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hard  when  quickly  cooled.  When  heated  to  redness,  and  suddenly 
quenched  in  cold  wafer,  steel,  in  fact,  boo-uues  capable  of  scratching  glass 
with  facility;  if  reheated  to  reitness.  mill  once  umre  ? ■:■  ft  to  cool  slowly,  it 
again  become-  nearly  as  snfi  as  ordinary  iron  ;  ="iinl  he  two  on  these  two  con- 
ditions, any  required  degree  of  liiiiili.i-.~H  m;iy  he  attained.  The  articles, 
forged  into  shape,  are  hrst hardened  in  the  manner  described;  they  are 
then  tempered,  or  bit  do'rit  by  exposure  to  a  pi-uper  degree  of  annealing  heat, 
which  is  often  judged  of  hy  the  color  of  the  thin  film  of  oxide  which  ap- 
pears on  the  polished  surface.  Thus,  a  temperature  of  about  221°  C. 
(430°  F.),  indicated  by  a  faint  straw  color,  gives  I  he  proper  temper  for 
raiors:  that  for  scissors,  penknives.  So.,  is  romprisod  between  243°  C. 
(-170°  F.)  ami  i'54u  C.  {4lj()u  1'.),  ami  is  indiciiieil  by  a  full-yellow  or  brown 
tint.  Swords  and  wateh-springs  require  tn  be  softer  ami  more  elastic,  and 
must  be  heated  to  2S8=m;.  [Ml!0  J.'.)  or  i!iio°  C.  1 500°  F,),  or  until  the  surface 
becoiLics  deep  blue.  Attention  to  these  colors  has  now  become  of  less  im- 
portance, as  niclal  baths  arc  ofieii  substituted  for  lite  open  lire  in  this 
operation. 


Atomic  weight,  58-8,     Symbol,  Ni. 

Nickel  is  found  in  tolerable  abundance  in  some  of  the  metal-bearing 
Teins  of  the  Saxon  mount  o  ins,  io  iVesi  phulia,  lle-sia,  Hungary,  and  Sweden, 
chiefly  as  arsenide,  the  Jiiipftriik-l-d  of  mineralogists,  so  called  from  its 
yellowish-red  color.  The  word  nkld  is  a  term  of  detraction,  having  been 
applied  by  the  old  German  miners  to  what  was  looked  upon  as  a  kind  of 
false  eojiper  ore. 

The  artificial,  or  perhaps  rather  merely  fusel,  product,  called  spelts,  is 
nearly  the  same  substance,  and  may  be  e  in  ploy  oil  as  a  source  of  the  nickel- 
salts.     This  metal  is  found  in  meteoric  iron,  as  already  mentioned. 

Mokel  is  easily  prepared  by  exposing  lite  oxalate  to  a  high  while  heat, 
in  a  crucible  lined  with  charcoal,  or  by  reducing  one  of  the  oxides  by 
means  of  hydrogen  at  a  high  temperature.  It  is  a  while,  malleable  metal, 
having  a  density  of  8-8,  a  high  melting-point,  and  a  less  degree  of  oxida- 
bility  than  iron,  since  if  is  but  Iiii.;c  attacked  by  dilute  acids.  Nickel  is 
strongly  magnetic,  hut  loses  this  property  when  heated  to  350°, 

Nickel,  from  ils  resemblance  io  in..n  and  cobalt,  is  regarded  as  a  tetrad, 
although  it  forms  only  one  chloride,  in  which  it  is  bivalent,  and  no  oxygen- 
sails  analogous  to  the  ferric  salts. 

Nickel  CnLomoi;,  Ni'-'Ol,. — This  compound  is  easily  prepared  by  dis- 
solving oxide  or  carbonate  of  .nickel  in  hydrochloric  a.eid,  A  green  solu- 
tion is  obtained  which  furnishes  crystals  of  the  same  color,  containing 
water.  When  rondo  ceil  anhydrous  by  heat,  I  he  chloride  is  yellow,  unless 
it  contains  cobalt,  in  which  case  it.  has  a  tint  of  green. 

Nickel  Oxides.  —  Nickel  fori  us  I  wo  oxides  analogous  i  o  I  he  two  principal 
oxides  of  iron. 

The  m>nt!».;.ik,  Ni''0,  is  prepared  by  hooting  ihe  nit  rale  to  redness,  or  by 
precipitating  a  soluble  nickel  sa't  with  caustic  poinsh,  ami  washing,  drying, 
and  igniting  the  apple-green  hydrated  otitic  thrown  down.  It  is  an  ashy- 
gray  powder,  freely  soluble  in  acids,  which  it  completely  neutralizes,  form- 
ing salts  isomorphous  with  those  of  magnesium  and  the  other  members  of 
the  same  group.  Nickel  salis,  whon  hvdvnted,  have  usually  a  beautiful 
cincrald-greiiii  color;   in  the  anhydrous  stale  ihcy  are  yellow. 
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The  sesquiozide,  Nia03,  is  a  block  insoluble  sidi-tunee,  prepared  by  pass- 
ing chlorine  through  iln:  hydrntod  moijoxi.iie  ,-us.pendod  in  water ;  nickel 
chloride  is  then  fovmed,  and  tin;  oxygen  of  i.ho  ox.iuo  decomposed  is  trans- 
ferred to  a  second  portion.  It  is  also  produced  when  a  salt  of  nickel  is 
mixed  with  a  solution  of  b!  each:  e.g- powder.  Tin;  sesquloxide  is  decomposed 
by  heat,  and  evolves  chlorine  when  treated  with  hoi.  hydro chloric  acid. 

Nickel  Sulphate,  SOjNi.TOH,.— This  is  the  most  important  of  the  nickel- 
salts.  It  forms  greou  prismatic  crystals,  which  require  ;-!  parts  of  cold  water 
for  solution.  Crystals  with  (>  molecules  of  water  have  also  been  obtain  ed. 
It  forms  with  the  sulphates  of  potassium  and  ammonimn  beautiful  double 
salts,  (S0,)jNi"K.(iOll.;,  ;iIS<l  .■S0.,);iM/-'(.NH|).()0II;i,  isomorphous  with  the 
correspond big  magnesium  salts. 

When  a  strong  solution  uf  oxalic  ncul  is  mixed  with  sulphate  of  nickel,  a 
paie  bluish  green  jircoipi  I  ui  c  of  oxalate  falls  utter  some  lime,  very  little 
nickel  remaining  in  solution.  The  oxalate  ean  thus,  be  obtained  for  pre- 
paving  tlie  metal. 

Nickel  CarbokM'i1,,  C(\j"Ni.  —  When  solution1;  of  nickel  sulphate  or  chlor- 

ii.le  and  of  sodium  eai'JjomiJO  are  mixed,  a  pa  to-green  pi-coipiluie  falls,  whidi 
is  a  combination  of  nickel  carbonate  and  hydrate.  It  is  readily  decomposed 
by  heat. 

Pure  tiickel-aalis  arc  co;r.'euie;i''y  Ysreyiared  on  ilie  small  seale  from  crude 
speiss  or  kupfernickol  by  tin;  following  |in,eess:  The  mineral  is  broken  into 
small  fragments,  mixed  with  from  one  fourth  to  half  its  weight  of  iron 
filings,  and  the  whole  dissolved  in  nilromuriatio  acid.  The  solution  is 
gently  evaporated  to  dryness,  the  residue  treated  with  boiling  water,  and 
the  insoluble  iron  arsenate  removed  by  a  tiller.  The  liquid  is  then  acidu- 
lated with  hydrochloric  acid,  treated  wiih  hydrogen  sulphide  in  excess, 
which  preeipitai.es  rhe  copper,  and,  after  libra  r  ion.  hoi  led  with  a  little  nitric 
aeid  to  bring  back  the  iron  to  the  slate  of  sesouioxide.  To  the  cold  and 
largely  diluted  liquid  solution,  acid  sodium  ciiibeiiaic  is  gradually  added, 
by  which  the  ferric  oxide  may  be  completely  separated  without  loss  of 
llickel-salt.  Lastly,  the  tillered  solution,  boiled  with  sodium  carbonate  in 
excess,  yields  an  abundanl  pule  green  preoipdulo  of  nickel  carbonate,  from 
which  nil  the  other  compounds  may  lie  prepared. 

The  precipitate  thus  obbiincd  may  .-[ill,  however,  contain  cobalt,  the 
separation  of  which  is  not.  yery  easy.  Several  methods  of  separating  these 
metals  have  been  proposed,  the  best  of  which  i.s,  perhaps,  that  of  H,  Rose, 
The  mixed  oxides  or  oarboimte.s  being  dissolved  in  excess  of  hydrochloric 
aeid,  the  solution,  largely  diluted  with  water,  is  super-saturated  with  chlor- 
ine gas,  whereby  the  cobalt  monoxide  is  coo  verted  into  sesqutoside,  while 
the  nickel  monoxide  remains  unaltered.  The  liquid  is  next  mixed  with 
excess  of  recently  preoipiiaiod  barium  earbonnie,  left  to  stand  lor  twelve 
to  eighteen  hours,  and  shaken  up  from  time  to  lioie.  The  whole  of  the  cobalt 
is  thereby  thrown  down  as  sesquioxide,  while  the  nickel  remains  in  solu- 
tion, and  may  be  precipitated  as  hydrate  by  potash,  after  the  barium  also 
contained  in  the  solution  has  been  removed  by  precipitation  with  sulphuric 

Nickel-salts  are  well  characterized  by  their  behavior  with  reagents. 

Caustic  tdlailii.s  give  a  pale  apple -green  precipitate  of  hydrate,  insoluble 
in  excess.  Amvuiiin  alfords  a  si  mi  hie  precipitate,  which  is  soluble  in  excess, 
with   deep  purplish-blue  color.      Po iasa:  ■■■■.-  ami  ■■■<■■■  ■■■■/rinnuiles  give  pale- 

green  precipitates.  A»i-in<mi.i::ii  enr)m;in(p.,  a  similar  precipitate,  soluble  io 
excess,  with  blue  color,      futa-vihun  /•■rn,ciin:iit!ii  gives  a  geeeuish-wdiite  pre- 

'For  other  modes  of  "-p;ir;iring  nickel  on.l  n -Iki  It,  *ee(i  runt  iii'siriiiiilbook,  vol.  v.  pp.  355-360; 
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eipitate.  Potassium  cyanide  produces  a  green  pri^ipi  rale,  wliicli  dissolves  in 
an  excess  of  the  precipitant  to  sin  umber- colored  liquid,  and  is  reprecipitated 
by  au  addition  of  hydrochloric  acid.  Jlyd.-r.ytu  zuijihitl?.  occasions  no  change, 
if  the  nickel  bo  in  combination  will)  a  strong  mud.  Ammonium  sulphide  pro- 
duces a  Mad;  precipitate  of  nickel  sulphide,  which  dissolves  slightly  in 
excess  of  the  precipitin!  wilh  dark-brown  color.  Nickel  sulphide  when 
once  precipitated  is  insoluble  in  dilute  hydrochloric  acid ;  it,  is  soluble  in 
nitromuriatic  and  in  hot  nitric  acid. 

The  ehief  uso  of  nickel  in  t.he  arts  is  in  Urn  preparation  of  a  white  alloy, 
sometimes  called  German  silver,  made  by  melting  together  100  parts  of  cop- 
per, 60  of  sine,  and  40  of  nickel.  This  alloy  is  very  malleable,  and  takes  a 
high  polish. 


Atomic  weigh!.,  bft-H.      Symbol,  do. 

This  substance  bears!,  hi  many  respects,  ri  close  resemblance  to  nickel:  it 
is  often  associated  with  the  hitter  in  nature,  and  may  be  obtained  from  it* 

A  cobalt-salt  free  from  nickel  may  be  prepared  by  Hose's  process  jusl 
described.  The  precipilatc,  consisting  of  cobalt  scstpiioxide  mixed  with 
barium  carbonate,  is  boiled  wilh  hydrochloric  acid  to  reduce  the  cobalt 
sesquioxide  to  monoxide,  and  dissolve  it.  as  a-  chloride  together  with  the 
harium.  The  latter  metal  is  then  prcciphared  by  sulphuric  acid,  and  from 
the  filtered  liquid  the  cobalt  may  be  precipitated  as  hydrate  by  potash. 
A  solution  of  cobalt  tree  from  nickel  may  also  be  obtained  by  precipitating 
the  mixed  solution  with  oxalic  acid  ;  tin:  whole  of  the  nickel  is  thereby 
precipitated,  together  uirb  a  small  portion  of  the  cobalt,  leaving  pure 
cobalt  in  solution. 

Cobalt  is  a  white,  britllo.  very  tenacious  metal,  having  a  specific  gravity 
of  8-S,  and  a  very  high  nielli  eg  pain  I.  Ii  is  unchanged  in  (lie  air,  and  bul 
feebly  attacked  by  dilute  hydrochloric  ami  sulphuric  uoids.  It  is  stronglj 
magnetic. 

Cobalt  forms  two  classes  of  salts,  analogous  in  oomposition  to  the  ferrous 
and  ferric  salts;  but  the  cobakic  sails,  in  which  tne  metal  is  apparently 
trivalent.  arc  very  unstable. 


Chlorides. — The  dkhioridf  a:-  CohnHiiu.i  riii.oridc.  Co"012,  is  easily  pre- 
pared by  dissolving  the  oxide  in  hydrochloric  acid ;  or  it  may  he  prepared 
directly  from  cobiilt-.'/Umce,  i.hc  native  arsenide,  hy  a  process  exactly  similar 
to  that  described  in  the  case  of  nickel,  it  forms  a  deep  rose-red  solution, 
which,  whon  sufficiently  strong,  deposits  hydratod  crystals  of  the  same 
color;  when  the  liquid  is  evaporated  by  heat  to  a  very  small  bulk,  it.  de- 
posits anhydrous  crystals,  which  are  blue:  Ibese  hit  it  r  by  contact,  with 
wilier  again  dissolve  to  a  red  liquid.  A  dilute  solution  of  cobalt  chloride 
constitutes  the  well-ktiowu  lihte  Ki/ni/inilifiii;  in.'; .-  characlers  written  on  paper 
with  this  liquid  are  invisible,  from  their  paleness  of  color,  until  the  salt 
lias  been  rendered  auhydmus  by  exposure  to  heat,  when  the  letters  appear 
blue.  On  laying  ii  aside,  moisture  is  absorbed,  and  the  writing  once  more 
disappears,  (Ireen  sympathetic  ink  is  a- mixture  of  the  chlorides  of  cobalt. 
and  nickel. 

The  trickle-ride,  or  Cohnilie.  rkion.de,  Co.,fl^,  is  obtained  in  solution  by  dis- 
solving the  sesquioxide  in  hydrochloric  acid,  and  in  small  quantity  by 
saturating  a  solution  of  the  dichloride  with  chlorine  gas.     The  liquid  has 
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Oxides. — Cobalt.  Covins  I  ■■■,  o  oiidcs  analneous  io  tho.-:e  of  nickel,  also  two 
or  throe  of  intermediate  coniuosiiion  but  not  very  veil  defined.  Tiie  i«on- 
DiiVfc,  or  CobaUoiu  nsyil.:.,  Co/'O,  is  a  gray  ponder,  very  soluble  in  acids,  and 
is  a  strong  base,  isomorphous  wirh  magnesia,  affording  falls  of  a  fine  red 
tint.  It  is  nreparcd  by  precipitating  cobudous  hil1|i1jm Li-  or  i.-l:  -i:ri. [.■  v,  ii h 
sodium  carbonate,  and  washing,  dry  i  r.;r.  iind  igniting  I  be  precipitate.  When 
the  cobalt-solution  is  mixed  will!  caustic  potash,  a  beautiful  blue  precipitate 
fails,  which,  when  healed,  becomes  violet .  and  at  length  dirty  red,  from  ab- 
sorption of  osvjfii  nod  ii  change  in  <ln:  state  of  liydration. 

The  sesgtiioxidc,  or  CoUill.ii-  lu-.iile.,  Co.,03.  is  a  black,  insoluble,  neutral 
powder,  obtained  by  mixing  solutions  of  ooluill  ami  chloride  of  lime.  It 
dissolves  in  acids-,  yielding  I  In:  cobaltic  salts. 

Coballoto-cobttltic  <u-.ii/e.,  Co;!Oj,  ana  logon,  to  the  maunetie  oxide  of  iron,  is 
formed  when  eobaiUms  nil  rait;  or  oxalate,  or  hydraied  cobaltic  oxide,  is 
heated  in  contact  with  the  air.      According  10  J'Ycmy,  it  is  u  salifiable  base. 

Another  oxide,  of  acid  character,  is  said  to  be  obtained  in  tins  form  of  a 
potassium  salt  by  fusing  Iho  [m-moxifle  or  fosqnio^ide  with  potaeaium  hy- 
drate. A  crystalline  salt  is  thus  formed  consisting,  according  to  (-chwarzen- 
berg,  of  BCo.OyK.O,  8Aq. 

ConALTOTJS  St  LflliiE,  SOjfio/'.TOII, — This  full  fornix  red  crystal",  re- 
quiring for  solution  21  pans  of  cold  water:  they  are  identical  in  form  with 
those  of  magnesium  sulphate.  1 1  coml dues  villi  f  he  sulplnucs  of  potassium 
l,  forming  double  salts,  uhieh  contain,  as  usual,  (>  molecules 


.  Cobaltous  Cunt  una  tu.— The  alkaline  carbonates  produce  in  solutions 

of  cobalt,  a  paic  pea  oh  -bloss< -n  In  rod   precipitate  of  combined  carbonate 

and  hydrate,  containing  3  CoHjO^COjCo. 

AmmoNIACai  Coiialt  Co.uroo.vns. —  C'ibalious  sa'fa  !  rented  with  ammonia 
in  a  vessel  protected  from  the  air,  unites  with  the  ammonia,  forming  com- 
pounds which  may  he  called  i<iiii/tt<ni<i-it..'it;i;<.-<<i:  .'■-.' f'rs.  Most  of  thorn  contain 
6  molecules  of  ammonia  to  1.  molecule  of  I  he  cobalt  salt ;  thus  the  chloride 
contains  CoCla.6NHa.  Aq. ;  the  nitrate,  Co;N(y:vf>iMI3.  2  Aq.  They  are 
generally  erystalliiablc  and  of  a  rose-color,  soluble  without,  decomposition 
in  ammonia,  but  decomposed  by  water,  with  formation  of  a  basic  salt.  H, 
Rose,  by  treating  dry  eoba'.i  chloride  with  ammonia-gas,  obtained  the  com- 
pound CoCls.4tJH3;  and  in  like  manner  an  amnionio-sulphate  has  been 
formed  containing  .SO,Co.6KIi„. 

When  an  ammoniaeal  solution  of  cobalt  is  exposed  to  the  air,  oxygen  is 
absorbed,  the  liquid  turns  brown,  and  new  sails  are  formed  containing  a 
higher  oxide  of  cobalt  (either  Oo.,0;l  or  CoO?),  ami  therefore  designated 
generally  as  peroxi-lh'-d  tnn:<to!<i<i-e<,l,ti!.!  .villi.  .Several  of  them,  containing 
dirt'eroui  bases,  are  often  formed  al.  the  same  time. 

Most  of  the  peroiidized  ammonia-cobalt  salts  are  composed  of  cobaltic 
salts  united  with  two  or  more  molecules  of  ammonia.  The  composition  of 
the  normal  sails  may  be  illustrated  by  the  chlorides,  as  in  the  following 
Ublet  — 

CosC!j .  4NH, 
CojCl,  .  6NH, 
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Octammonio-cohiikio  (or  i'liseo-eobaltic) 
chloride CoaCfl« .    8NH, 

ilecaminonio-cobaltio    (rosco-    and  pur- 

pureo-eobaliie)  chloride      .  .         .     Coa016  .   10NTfa 

itodecamaiouio-cobaliic  (or  luteo-cobal- 

tio)  chloride Co.Cl,.  12NH,. 

Tlie  formula  of  the  corresponding  normal  nitrates  are  deduced  from  the 
preceding  by  subslil  ui  ing  Ni  t,  for  CI ;  i  hose  of  the  sulphates,  oxalates,  and 
other  bibastc  salts,  by  substituting  .SO,,  c,!)^  &c,  for  Clj.  Thus  decammonio- 
eobaltie  sulphate  —  Cojf^Oj^.ltfNIi,.  There  are  also  several  acid  and  basic 
sats  of  the  same  ainiuonia.-miiloculcs.  Further,  there  in  it  class  of  salts  con- 
taining the  elements  of  nitrogen  dioxide  or  niria.isyl,  SO,  in  addition  to  :iui- 
monia,  e.  g.,  decaminoyan-nitroso  ohuitir.  m  j:/:n!M;-,;..-hiilhi:  oii/chloridc,  CosCl,0. 
IONHj.NjOj.  Lastly,  tYiisnj-  bus  obtained  amuiouiaoal  compounds  [oxy- 
uobt/iitf  mills)  containing  s  ill  is  of  cobalt  001  responding  to  the  dioxide.1" 

Cobaltous  salts  h&vo  tlie  folio  wins;  character!! : 

Solution  of  jmiitsh  gives  a  him-  precipitate,  changing  by  beat  to  violet  and 
rod.  Ammonia  gives  a  blue  preeipilate,  soluble  with  difficulty  in  excess, 
with  brownish-red  col. a'.  Sniiium  e-jrlniiulf  alfords.  a.  pink  prcrlpiiafe.  Am- 
monium carbonate,  a  siniikr  compound,  soluble  in  excess.  Potassium  fcmi. 
cyanide  gives  a  grayish -green  precipitate.  PoUtxsiimi  cyanide  affords  a  yel- 
low ish -brown  prcoip:.bile.  which  iiip.Hi>l vos  in  an  excess  of  the  precipitant. 
The  Clear  solutions,  after  boiling,  may  be  mixed  ivit.li  hydrochloric  acid 
without  giving  a  pi'co'piiaie.  Jdyiro^rr,  si:jp!,i,i,-  produces  no  change,  if  the 
cobalt  be  in  combination  with  a  strong  acid.  Ammonium  »>,t,>lti<!r.  throws 
down  black  sulphide  of  cobalt,  insoluble  in  dilute  hi  drochlorie  acid. 

Cobalik  salts,  formed  by  dissolving  cobaliie  oxide  in  acids,  give  with 
potash  a  dark-brown  precipilale  of  h  yd  ruled  eobaltio  ox  id?  ;  with  ammonia 
a  brownish-red  solution  ;  with  the  fund  uik-uli/u  eni-boniiics  a  green  solution, 
which  deposits  a  small  i|uauti(y  of  cuballie  osido;  with  aiiimomuiii  sulphide 
(after  saturation  of  the  free  aeid  by  ammonia)  a  black  precipitate. 

Oxide  of  cobalt  is  remarkable  for  I  he  magnificent  hi  lie  color  it  communi- 
cates to  glass:  indeed,  Ihisis  a  character  by  which  lis  presence  may  be  most 
easily  detected,  a  very  small  portion  of  the  sub-iance  to  bo  examined  being 
fused  with  boras  on  a  loop  of  platinum  wire  before  the  blowpipe ;  the  pro- 
duction of  this  color  bolt,  in  the  inner  and  in  the  outer  name  distinguishes 
cc!i ii ii  f:  om  uli  oilier  metals. 

The  substance  called  sm.ii.lt,  used  as  a.  pigment,  consists  of  glass  colored 
by  cobalt:  it  is  thus  made : —  The  cobalt  ore  is  roasted  until  nearly  free 
from  arsenic,  and  then  fused  with  a  mixture  of  potassium  carbonate  and 
quarts- sand,  free  from  oxide  of  iron.  Any  nickel  that  may  happen  to 
be  contained  in  the  ore  then  subsides  to  the  bottom  of  the  crucible  as  arsen- 
ide: this  is  the  spr.isx  of  which  mention  has  already  been  made.  The  glass, 
when  complete,  is  removed  and  puureii  into  eohl  water;  it  is  afterwards 
ground  to  powder  and  elutriated.  ColtiU-<rti i-wj.riiw  Is  a  fine  blue  color 
prepared  by  mixing  Id  pan  s  of  freshly  ■precipitated  alumina  with  2  parts  of 
cobalt  phosphate  or  arsenate  :  this  in  i  Mine  is  dried  and  slowly  heated  to  red- 
ness. By  daylight  the  color  is  pure  blue,  bat  by  artificial  light  it  is  violet. 
A  similar  compound,  of  a.  tine  green  color,  is  formed  by  igniting  zine  oxide 
with  cobalt-salts.    Xajff.r  is  the  roasted  cobalt  ore  mixed  with  siliceous  sand. 

*  For  the  prepnriitiiKi  unit  |i  :■.'.]'  irtti-:  cf  sit  -V;i.   -n':-.  srr  IVillt'i  Dho.ierruy  uf  Chemistry, 

gLtjHW-     *****        •—*«— te*.«—rfa-«-«i^  Btatmun,™. 
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MANGANESE. 
Atomic  weight,  55.     Symbol,  Mn. 

Manganese  is  tolerably  abundant  in  nature  in  ;m  oxidized  stale,  forming, 
or  entering  into  Die  composition  of.  several  iulcresliug  minerals.  Traces 
of  this  subs t autre  are  very  frenaumtly  found  in  the  wishes  of  plants. 

Metallic-  manganese,  or  perhaps,  strictly,  manganese  carbouinc.  may  be 
prepared  by  [liu  following  process:  -Too  carbonate  is  falein.it  in  mi  uncti 
vessel,  by  which  it  becomes  converted  into  a  den;.!  brown  powder:  this  is 
imimatciv  mixed  with  a  Ibiio  charcoal,  si  ml  about  one-tenth  of  its  weight 
of  anhydrous  borax.  A  charcoal  crucible  is  next  prepared  by  fining  a. 
Ilcssnui  u  r  I  'ornish  crucible  with  moist  charcoal  powder,  introduced  a  HI  tic 
at  a  time,  and  rammed  as  hard  as  possible.  A  smooth  cavity  is  then  scooped 
in  the  centre,  into  which  the  abov-e-ineiiiitiued  iisixtui-o  is  compressed,  and 
covered  with  charcoal  powder.  The  lid  of  Hie  crucible  is  ilicn  fixed,  isnd 
the  whole  arranged  in  a  very  j'o»  crful  ■,vind-fuvnnre.  The  heat  is  slowly 
raised  until  the  crucible  becomes  rod-hot,  after  which  it.  is  urged  to  ils 
maximum  for  an  hour  or  more.  YVlieil  co'n.i,  the  crucible  is  broken  up,  and 
the  inet.Sillio  button  of  manganese  extracted. 

Doville  has  lately  prepared  pun;  manganese  by  reducing  pure  manganese 

oxide  with  an  insullici ■  a  mm  lily  of  sugar  charcoal  in  a  crucible  made  of 

caustic  lime.  Thus  prepared,  metallic  manganese  possesses  a  reddish  lustre 
like  bismuth;  it  is  very  bard  and  brittle,  and,  when  powdered,  decomposes 
water,  even  at.  I  he  lowest  leinporiiture.  Iiilule  sulphuric  acid  devolves  it 
with  great  ener^Y,  ovowing  hydrogen.  Iliiiunrr  produced  metn'ilc  man- 
ganese from  manganese  and  sodium  fluoride  by  moans  of  sodium.  The 
metal  obtained  by  this  process  scratches  glass  and  hardened  steel,  and  has 
a  specific  gravity  of  7-13. 

Manganese,  from  iis  general  relations  to  the  metals  cf  the  iron  group,  is 
usually  vega.nl ed  as  a  tetrad,  forming  a  dkdiluride  and  tridiloiide  a/minium, 
to  the  iron  chlorides,  together  with  oxides  and  other  compounds  of  corre- 
sponding constitution.  1!  is  also  said  to  form  a  heptaeldorido,  Mn,Cllt,  or 
MnCl, 

J,  according  to  which  it  should  be  regarded  as  an  octad;  but  the  com- 
nOl, 
position  of  this  compound  is  nut  \<:ry  we'.',  i-ialdi-bcd. 

Manganese  Ciiloiuiies. —  The  dfchlmlih  or  Murigiirioiin  chloride  maybe 
prepared  in  a.  state  of  purity  from  the  dark -brown  liquid  residue  of  the 
preparation  of  chlorine  from  manganese  dioxide  ami  hydrochloric  acid, 
wdiicti  oil  en  a.ecutuulates  in  ;  he  [liberal  cry  to  a  considerable  extent,  in  Die 
course  of  investigation:  from  the  pure  chloride,  the  carbonate  and  all 
other  sails  can  he  conveniently  obtn  ined.  Tin;  liquid  referred  lo  consists 
chiefly  of  the  mixed  chlorides  of  man  gun  esc  and  iron  :  ills  lilt  e  red,  evapo- 
rated to  perfect  dryness,  and  I  he  residue  is  slowly  heated  to  dull  ignition  in 
an  ean.heti  vessel,  with  constant  stirring.  The  icon  chloride  is  [bus  either 
volatilized,  or  converted  by  the  remaining  water  into  insoluble  sesoui  oxide, 
while  the  manganese  salt  is  unaffected.  On  treating  the  grayish-looking 
powder  thus  obtained  with  water,  the.  manganese  chloride  is  dissolved  out, 
and  may  he  separated  by  filtration  from  the  iron  oxide.  Should  a  trace  of 
the  Utter  yet  regain,  it  may  be  got  rid  of  by  boiling  the  liquid  f( 
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minutes  with  a  little  maiigntic.se  carbanaic.  The  solution  of  the  chloride 
hag  usually  a  delicate  pink  l.-u.i.i-,  which  becomes  \e;y  iniiuife.-it.  when  the 
salt  is  evaporated  to  dryness.  A  strong  solution  deposits  rose-colored  ta- 
bular crystals,  which  oonia.iu  4  molec nics  of  water;  they  are  very  soluble 
and  deliquescent.  The  ehloride  is  fusible  at  a  red-heal,  is  decomposed 
Blightly  at  thai  temperature  by  oiiulaef  with  air,  and  is  dissolved  by  alco- 
hol, with  which  it  forms  a  eryslalU/.ahle  compound. 

The  Iriehiuride,  or  ilijaiyunic  i:hi.„,'ih,  Mm.,i'!c,  is  lot-mod  when  precipitated 
manganese  oxide  is  immersed  in  cold  liiinii;  hydrochloric  acid,  the  oxide 
then  dissolving  quietly  without,  evoluiion  of  gas.  Heat  decomposes  the 
trichloride  iuio  I  lie  mono-chloride  ami  free  chlorine. 

■  ffeptachloride,  Mn3Clu(?).  —  When  potassium  permanganate  is  dissolved 
in  strong  sulphuric  acid,  and  fused  sodium  chloride  is  added  by  small 
portions  at  a  time,  a  gree-iish-ye'!ow  gas  in  given  oil',  which  condenses  atO° 
to  a  greenish-brown  liquid.  This  compound,  when  exposed  to  moist  air, 
givea  off  fumes  colore'..]  purple  by  permanganic  acid,  and  is  instantly  de- 
eomposed  by  wafer  into  poimaiigamc  and  hydrochloric  acids.  It  is  regarded 
by  Dumas,  who  discovered  it,  as  Hie  hop  fa  chloride  of  maiiganeso ;  but  H. 
Itose  regards  it  as  an  oxyehiorid''.  .M n< .'!.> f ..  analogous  to  chromic  osy- 
chloride,  a  view  which  is  eoiTohoriilcl  by  its  mode  of  formation. 

Fluorides  of  manganese  have  been  formed  analogous  to  each  of  these  chlor- 


Mabqanesr  Oxides.  —  Manganese  forms 
stituted  as  follows  :  — 

.  four  well-defined  oxide 

Monoxide,  or  Manganous  oxide 
Trimangano-tetr  oxide,  or  Manganost 

Pesquioxiilo,  iir  Manganic  oxide    . 

.      MnO 

.-m:ui!r;i!iic  oxhle    MiijO, 
Mn,0, 

The  first  is  a  strong  ba-e,  the  third  n  weak  base:  Ihe  second  and  fourth 
are  neutral;  the  second  may  lie  regarded  as  ;i  compound  of  the  first  and 
third,  .^Inl.t.MiijOj.  There  are  also  several  oxides  intermediate  between 
the  monoxide  ami  dioxide,  occurring  a.s  nuiural  n  line  nils  or  ores  of  manga- 
nese. Manganese  likewise  tonus  two  series  of  oxygen  sails,  cabled  iiaiii/ja- 
tiiU.f  and  p?.niianjjttritsles,  the  composition  of  which  ;uay  be  iliuslratcd  by 
the  potassium  salts,  viz.  : 

Potassium  manganato  .  .     MnO^K     =  MnO,,OK, 

Potassium  permanganate  .  Mti,,OeKa  =  MnsO,.OK,. 

The  oxides,  Mn03  ami  Mii/I,.  Corres]  ion  ding  to  1 1:  esc  suits,  are  not  known. 

Monoxide  or  MiinyuHviis  oxide,  Midi.  -  -  V,  hen  manganese  carbonate  is  healed 
in  a  stream  of  hydrogen  gas.  or  vapor  of  water,  carbon  dioxide  is  disen- 
gaged, and  a  greenish  powder  left  behind,  which  is  liic  monoxide.  Pre- 
pared at  a  dull  red  heat,  only,  the  monoiide  is  so  prone  to  absorb  oxygen 
from  the  air,  that  il  cannot  be  removed  from  the  tube  without  change;  but 
when  prepared  al  a  higher  temporal  are,  it  appears  more  stable.  This  oxide 
is  a  very  powerful  base,  being  isoinondiovas  with  magnesia  and  zinc  oxide; 
it.  dissolves  quietly  in  dilute  acids,  iieutrulmiig  them  completely  and  form- 
ing salts,  which  have  often  a  beaut  ii'ul  pink  color.  When  alkalies  are  added 
to  solutions  of  these  compounds,  the  while  hvdratod  oxide  first  precipitated 
speedily  becomes  brown  by  passing  into  il  higher  slate  of  oxidation. 

Sesquioxids  or  Minir/mii?.  or..(,'<>,  Jlu.,0.,. —  Tills  compound  occurs  in  nature 
as  braunite,  and  in  the  stale  of  hydrate  as  manganite:  a  very  beautiful 
crystallized  variety  is  found  at.  llefeld,  in  Hie  liartz.  It  is  produced 
artificially,  by  exposing  the  hydrated  monoxide  to  the  air,  and  forms 
the  principal  part  of  the  residue  left  in  the  iron  retort  when  oxygen  gas  is 
prepared  by  exposing  the  native  dioxide  to  a  moderate  red-lieut.     The 
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color  of  the  Besquuixirin  is  brown  or  black,  according  to  its  origin  or  mode 
of  preparation,  h  is  a  feeble  base,  jsumurpiious  wii h  alumina:  for,  when 
gently  beatedwit.il  diluted  sulphuric  acid,  ii  dissolves  to  a  rod  liquid,  which, 
on  the  addition  of  potassium  or  ammonium  sulphate,  deposits  octohcdral 
crystals  having  a  constitution  similar  to  that  of  common  alum:  these  are, 
however,  decomposed  by  water.  Si  run;;  nitric  acid  resolves  this  oxide  into 
a  mixture  of  monoxide  a::;!  dioxide,  tbe  lon::er  dissolving,  and  the  latter 
remaining  unaltered;  while  hot  oil  of  vitriol  destroys  it  Ijy  forming  man- 
ganoua  sulphate  anil  liberating  o.vygen  gas.  Utt  heating  it  with  hydro- 
chloric acid,  chlorine  in  evolved,  as  with  the  dioxhio,  hut  in  smaller  amount, 
Dioxide,  MnOj.  —  1'r.roxirfe  of  i>inn<ji;iu:tt..  Pi/rulns-ili.  --Tin;  most  common 
ore  of  manganese;  it  is  found  both  tussive  and  crystallized.  It  may  be 
obtained  artificially  in  the  anhydrous  state  by  gently  calcining  the  nitrate, 
or  in  combination  with  water,  by  adding  solution  of  blcaehing-powder  to  a 
salt  of  the  monoxide.  Manganese,  dioxide.  has  n  black  color,  is  insoluble  in 
water,  and  refuses  to  unite  with  acids,  U  is  decomposed  by  hot  hydro- 
chloric acid  and  by  oil  of  vitriol  in  the  same  manner  as  the  scsquioside. 
■  As  this  substance  is  an  article  ot  commerce  of"  considerable  importance, 
being.'  used  in  very  large  quantity  fur  milking  chlorine,  and  as  it.  is  subject 
to  great  alteration  of  value  from  admixture  of  the  sesquioxicle  and  several 
impurities,  it  becomes  desirable  to  possess  moans  of  assaying  different  sam- 
ples that  may  be  presented,  n-itli  a  view  of  resting;  iheir  fitness  for  the  pur- 
poses of  the  manufacturer.  One  of  the  best  and  most  convenient  methods 
IS  the  following:  — 50  grains  of  the  mineral,  reduced  to  very  fine  powder, 
are  put  into  the  little  vessel  employed  in  the  analysis  of  carbonates  (p.  800), 
together  with  about  ball'  art  ounce  of  cold  water,  and  1(10  grains  of  strong 
hydrochloric  acid  ;  50  grains  of  crystallized  oxalic  acid  are  then  added,  the 
cork  carrying  the  drying  tube  is  titled,  and  l.iie  tvbote  quickly  weighed  or 
counterpoised.  The  application  of  a  gentle  heat  suffices  (o  determine  the 
action ;  too  oxalic  acid  is  oxidized  into  water  and  carbon  dioxide,  which 
escapes  as  gas,  while  the  manganese  remains  in  solution  as  tuanganaus 
chloride : 

MnO.    +     C.O.H.     +    2HC1    =    MnOL     4-     20H,     +     2CO, 
M.iij,™*,:  Oxalic  Muquese  Carlson 

This  equation  shows  that  every  two  molecule h  of  carbon  dioxide  evolved 
correspond  to  one  molecule  of  manganese  dioxide  decomposed.  Now  the 
molecular  weight  of  this  oxide,  HI,  is  so  nearly  equal  io  twice  that  of  car- 
bon dioxide,  44,  that  the  loss  of  weight  sutl'crcd  by  the.  apparatus  when  the 
reaction  lias  become  complete,  ami  the  residual  gas  has  been  driven  off  by 
momentary  ebullition,  may  he  taken  to  represent  (he  quantity  of  real 
dioxide  in  the  GO  grains  of  i  he  saropic.  it.  is  obvious  that  the  apparatus  of 
Will  and  Presenilis,  described  at  page  307,  may  also  be  used  with  advantage 

Trimango-tctrozidc,  or  Red  manganese  oimU.  Mn30..,  or  probably  MnO.MnsOa. 
This  oxide  is  also  found  native,  as  hnu.sinannilo,  and  is  produced  ariili- 
cially  by  heating  the  dioxide  or  sosijuiojido  to  whiteness,  or  by  exposing 
the  monoxide  or  carbonate  to  a  red  beat  in  an  open  vessel.  It  is  a  reddish- 
brown  substance,  incapable  of  forming  salts,  and  acted  upon  by  acids  in 
the  same  manner  as  the  two  other  ox  ides  already  described.  Borax  and 
glass  in  the  fused  state  dissolve  this  substance,  and  acquire  the  color  of  the 
amethyst. 

Varvitiie,  Mn/1,,011,  or  MnO.SMntX.On,,  is  a  natural  mineral,  discovered 
by.  Mr.  Phillips  among  certain  sped  ulcus  of  manganese  ore  from  "Warwick- 
shire: it  has  also  been  found  a!  Ilefcid.  l!  much  resembles  the  dioxide, 
but  is  harder  and  more  brilliant,  lly  a.  strong  heat.,  laivtcite  is  Converted, 
into  red  oxide,  with  disengagement  ai'  aqueous  vapor  and  oxygen  gas, 
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Several  other  oxides,  intermediate  in  composition  between  the  monoxide 
and  dioxide,  also  occur  native  ;  they  n.ro  probably  mere  mixtures,  and  in 
many  oases  the  monoxide  is  more  or  loss  replaced  by  i.lie  corresponding 
oxtde.s  of  iron,  cobalt,  and  copper. 

Manoanocs  Sulphate,  S04\1  n.Vt'ill,.  — ^(1,.  UnO.Ttl.K,. — A  beautiful  rose- 
colored  and  very  soluble  salt,  isomorplmus  with  magnesium  sulphate.  It 
is  prepared  on  II  ie  large  scale  for  the  ase  of  the  dyer,  by  heating  in  a  close 
vessel  manganese  dioxide   ami  con],  ami   dissolving  the  impure  monoxide 

thus  obtained  in  sulphuric  acid,  with  addition  of  a  Utile  hydrochloric  acid 
towards  the  end  of  the  process.  The  solution  is  evaporated  to  dryness,  and 
again  exposed  to  a  red  heal,  by  which  ferric  sulphate  is  decomposed. 
Water  then  dissolves  out  the  pure  manganese  sulphate,  leaving  ferric  oxide 
behind.  The  salt,  is  used  to  produce  ji  permanent  brown  dye,  the  cloth 
steeped  in  the  solution  being  afterwards  passed  through  a  solution  of 
bleaching-powder,  by  which  the  monoxide  is  changed  to  insoluble  hydrate 
of  the  dioxide.  Manganese  sulphate  sometimes  evvslallizes  with  6  mole- 
cules of  water.  It.  forms  a  daub  to  suit  with  potassium  sulphate,  containing 
fSj01)!Mu"K2.6OHii. 

Manganksk  Caiusonati-:,  CO^Mii"  —  CO,Mn"0.  — Prepared  by  precipi- 
tating the  dichloride  with  an  aikallne  carbonate.  It  h  ail  insoluble  white 
powder,  sometimes  wit  ii  a.  bi::i'-coiored  lint,  Exposed  to  heat,  it  loses  carbon 
dioxide  and  absorbs  oxygen. 

MabOANATKS. — When  an  oxide  of  manganese  is  fused  with  potiisli,  oxygen 
is  taken  up  from  the  air,  and  a  deep  gtcrn  saline  mass  results,  which  con- 
tains potassium  miiii,'/'ni"li<,  MuO^K..  or  .\liiUa.OKr  The  addition  of  potas- 
sium nitrate,  or  chlorate,  facilitates  the  reaction.  Water  dissolves  this 
cry  readily,  and  (lie  .solution,  concentrated  by  evaporation  in  a 
i,  yields  green  crystals.  Barium  ■,n<iKjiul'.tie..  MnOJio",  is  formed  in 
a  similar  manner. 

Permanganates. — When  potassium  inanimate,  free  from  any  great  ex- 
cess of  alkali,  is  put  itiio  a  large  Ojuuul  ity  of  water,  ii.  is  resolved  into  hy- 
drated  manganese  dioxide  which  subsides,  and  potasshi/ii  pir-manyunfile., 
,Mn.,"Jv,.   ur  JliyL.OK,,  which    remains  in  solution,  forming  a  dcep-siurple 

8Mn04Ka  +  20II2  =  Mn02  +  iOKH  +  Mn.,0BK.s. 
This  effect  is  accelerated   by   heat.      The  changes  of  color  accompanying 

this  decomposition  are  very  remarkable,  and  have  procurer!  for  the  manga- 
nate  the  name  mineral  i-I>.ii.iiu:.Iiivii.;  excess  nf  alkali  hinders  the  reaction  in 
some  measure,  by  conferring  greater  stability  im  i.l.io  manganate.  Potas- 
sium permanganate  is  easily  prepared  on  a  considerable  scale.  Equal 
parts  of  very  finely  powdered  ms.Ngrmeso  dioxide  utul  potassium  chloride 
are  mixed  with  rather  more  than  one  part,  of  potassium  hydrate  dissolved 
in  a  little  water,  and  the  whole  is  exposed,  after  evaporation  to  dryness,  to 
a  temperature  just  short  of  ignition.  The  mass  is  treated  with  hot  water, 
the  insoluble  oxide  sepa.rafotl  by  tleca.ntntion,  and  the  deep-purple  liquid 
c.-  moon  s  rated  by  heat,  until  cry  Mais  form  up'm  its  surface  :  it  is  I  hen  le'l  to 
cool.  The  crystals  have  a.  dark-puryde  color,  and  are  not.  eery  soluble  in 
cold  water.  The  ma.ngrtnales  and  permanganates  arc  decomposed  by  con- 
tact with  organic  matter:  the  former  arc  said  lo  be  isomorphous  with  the 
Sulphates,  and  the  hitter  with  the  perehlorafes.  The  green  and  red  disin- 
fecting agenls,  known  as  Condy's  fluids,  are  alkaline  manga  nates  and  per- 
manganates. 

Ibidnijen. pa-mmi!ian,:ii\  of  PiMinnynmc  ar-.!,  "Mn.,t.),K,,  is  obtained  by  dis- 
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solving  potassium  permanganate  in  hydrofoil  sulphate  (>04II..'|  diluted  with 
one  molecule  of  v.-jier,  and  dis;illir,g  the.  Sii'iaion  ;i:  ii!F-'703.  'Permanganic 
acid  then  passes  over  in  violet,  vapors,  and  coniloiisiis  to  a  greenish-black 
liquid,  which  has  ft  mul  sialic  lustre,  ahsorhs  moisture  greedily  from  the  air. 
and  acts  as  a  most  powerful  oxidizing  agent,  ins.lam.ly  sotting  five  to  paper 
and  to  alcohol.* 

Manganous  sails  are  very  easily  ilisricgnislicd  5iy  reagents.  The  fixed 
cti.it.itic  alkalies  and  iinanwiiii  give,  white  precipitates,  insoluble  in  excess, 
quickly  becoming  brown.  The  zarhuuni.rs  y  the  fixed  ailalies,  and  carbonate 
of  ammonia,  give  white,  precipitates,  lmt  lit r !■  ■  subject  in  eluinge,  and  iusolu- 
blo  in  excess  of  carbonate  of  ammonia,  jh/ilre,i/eu  sulphide  gives  no  preci- 
pitate, but  ubhwih'm;  tutphith  throws  down  insoluble  tics'i- colored  sulphide 
of  manganese,  which  is  very  characteristic.  JVi.w/hm  ferrocyanide  gives  a 
white  ureo ipitate. 

Manganese  is  also  easily  detected  by  ihe  blowpipe :  it  gives  with  boras 
an  amethyst- colored  bead  in  the  outer  or  oxidizing  flame,  and  a  colorless 
one  in  the  inner  flame.  Heated  sjpon  platinum  foil  with  sodium  carbonate, 
it  yields  a  green  mass  uf  sodium  manganato. 


Atomic  weight,  1H0.      Symbol,  V. 

This  metal  is  found  in  a  few  minerals,  as  pitchblende,  which  is  an  oxide, 
and  uranite,  which  is  a  phosphate :  the  former  is  irs  principal  ore..  The 
metal  itself  is  isolated  by  cl t'u i>m i"--o :;i n.sr  the  chloride  with  potassium  or 
sodium,  and  is  obtained  as  a  black  coherent  powder,  or  in  fused  white 
malleable  globules,  according  to  the  manner  in  which  the  process  is  eon- 
ducted.  Il  is  permanent  in  ihe  air  at  ordinary  temperatures,  and  docs  net 
decompose  water  ;  but  hi  the  pulverulent  stum  ir  talics  fire  nt.  207°,  burning 
with  great  splendor  and  ibi  ming  a  dark-preen  oxide.  H  unites,  also,  very 
violently  will]  chlorine  and  with  sulphur. 

Uranium  forms  two  classes  of  compounds :  v'u.. .  the  urartnvs  compounds. 
in  which  it  is  bivulont,  e.g.,  Y."C\,.  U"(),  U"S<).,.  kc„,  and  ihe  uranic.  com- 
pounds, in  which  it  is  apparently  trii:i[cnt,  like  iron  in  the  ferric  com- 
pounds, e.g. : 

W",0"v  W\0"f\,  U"'!0"I(N03)3,  U'",0",(S04)'/. 
There  are  also  two  oxides  iidormedhLto.  between  urnnous  and  nvanic  oxide- 
There  is  no  chloride,  bromide,  iodide,  or  fluoride  corresponding  to  uvanie 
oxide,  such  as  U2<";le  :  neither  are  there  am'  normal  ura.nie  oxysalls  analo- 
gous to  the  normal  ferric  salts,  such  as  U"-',(.\"Oa:s.  i:'-"2(S04)"s,  &c. ;  but 
all  the  uranic  salts  contain  the  group  I.1./.).,,  which  may  be  regarded  as  a 
bivalent  radical  {uranyl;,  uniting  with  acids  in  the  usual  proportions  and 
forii.ing  normal  sails;    thus: 

Cranio  oxide  or  Uranvl  oxide  .  .  .      (TJ!Os)"0 

Cranio  oxychbuidc  or  Uiainvl  chloride  .  ■:  I 'J.).,  ■'■'(  '\, 

Uranic  nitrate  or  liranvl  nitrate      .  .  .      (U.,1!.,  ■■'   Si),-., 

Uranic  sulphate  or  Uranyl  sulphate     .  .  (V~fi.,)"(m^)". 

This  view  of  the  composition  of  the  uranic  salts  is  not,  however,  essential, 
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Chlorides.  . —  'Urat'oas  I'hifrr  !'!•■.  !"•'■'■  '1 ,.  is  formed,  with  vivid  incandescence, 
(iy  burning  motniiin  uranium  in  chierine  gas.  also  In-  igniting  nr:iuous  oxide 
ill  hydrochloric  acid  ga.s.  ).(  Cry, si  ailie.es  in  dark  green  regular  OCI  ohodrons, 
inid  dissolves  easily  in  water,  fornibg  an  emerald-green  solution,  which  ia 
decomposed  when  dropped  into  boiling  water,  giving  o'T  hydrochloric  acid 
and  yielding  brown  precipitate  of  hydrate!  uranons  oxide.  It  is  a,  power- 
ful deoxidizing  agent,  i-tsLluc-iiig  gold  and  silver,  converting  ferric  salts  into 
ferrous  suits,  &o. 

{'rank  oxychl.oridp  or  Urnn'/l  rJilvrii!,:  T.,0. ,<"!,,  is  formed  v.-lien  dry  chlorine 
gas  is  passed  over  rod-hot  uranons  oxide,  si™  an  orange-yellow  va  por.  v  hi  Hi 
solidifies  to  n  yellow  crystalline  fusible  masc,  easily  soluble  in  water.  It 
forms  doable  s:dts  '.villi  ilie  chlorides,  of  (lie  alkali-metals,  tlie  potassium 
salt,  for  example,  having  the  composition  lb,0,Cl5.:!KC1.20Hr 

Oxibhh.—  Urantnu  oxide,  U"0,  formerly  mistaken  for  metallic  uranium, 

is  obtained  by  heating  the  oxide,  V3>.)v  or  uranie  oxalate,  in  a  current  of 
hydrogen,  li.  is  a  brown  |.iowi.icr.  somciimrs  highly  crystalline.  In  (ho 
finely  divided1  state  it  is  pyrophorie.      It  dissolves  in  aeids,  forming  green 

Uranoso-umnk  oxide,  U30,  =  UO.U.O,.  —  TMa  oxide,  analogous  to  the 
magnetic  oxide  of  iron,  forms  the  chief  condiment  of  pitchblende.  It  is 
Obtained  artificially  by  igniting  the  moral  or  uranons  oxide  in  contact  with 
the  air,  or  by  gentle  ignition  of  uranic  oxide  or  uranic  nitrate.  It  forms  a 
dark-green  velvety  powder,  of  specific  gravity  71  to  7*3.  When  ignited  .in 
hydrogen,  or  with  sodium,  charcoal,  or  sulphur,  it  is  reduced  to  uranons 
o.xiile.  When  ignited  alone,  it  yields  a  black  oxide,  V/l..  which  is  most 
probably  a  mixture  of'  uranoso-nrauic  and  itrunous  oxide.  Ijrauoso-itrnn  ic 
oxide  dissolves  in  strong  ■■  tophi,  lie  or  hydrochloric  acid,  yielding  a  mixture 
of  n ran o us  and  manic  salt  ;   by  nitric  acid  it  is  oxidized  to  uranie  nitrate. 

Uremic  oxide,  or  Uraojfl  oxide,  DaQj  =  :  L'..< '.,:  "(>. — ■  Uranium  and  its  lower 
oxides  dissolve  in  nitric  acid,  forming  uranie  nitrate ;  ami  when  this  salt  is 
heated  in  a  glass  tube  tii!  it  begins  to  decompose,  at.  'ZW,  pure  urauio 
oxide  remains  in  t.lic  form  of  a  chamois-yellow  powder.  Uranic  hydrate, 
U3Oa.:i01I2,  cannot,  be  pre.pareil  by  precipitating  a.  uranic  salt  with  alkalies, 
inasmuch  as  the  precipitate  always  carries  down  alkali  with  it ;  hut  it.  may 
he  oh  i  allied  by  cm  no  ratine;  a  solution  of  uranic  nitrate  in  absolute  alcohol 
at  a  modera.i.e  li unl,  (ill,  at  a.  eoi-laiu  degree  of  eooeeol  rat  ion,  nil  i-ous  ether, 
aldehyde,  and  other  vapors  are  given  oil',  and  a  ,-pougy  yellow  mass  remains, 
which  is  the  hydrate.  In  a  vacuum  at  ordinary  temperatures,  or  at  100° 
in  the  air,  it  gives  oil'  half  ils  venter,  leaving  ihc  in  on  oh  yd  rule.  L",03.01l.,. 
This  hydrate  cannot  lie  deprived  of  all  its  water  without  exposing  it  to  a 
heat  sufficient  to  drive  off  part  of  the  oxygen,  and  reduce  it  to  uraiioso- 

Uranie  oxide  ami  lis  hydrates  dissolve  in  acids.  Forming  the  uranic  sails. 
The  nitrate,  (U10,j"iMii,!,".li(lH,.  may  he.  prepared  from  pitchblende  by  dis- 
solving the  pulverized  mineral  ia  nitric,  aohl.  cvunoratiog  to  dryness,  adding 
water,  and  filtering;  the  liipiid  yields,  by  due  evaporation,  crystals  of 
uranie  nitrate,  which  nrc  pu;  iiied  by  ,i  i  eiietit  ion  of  the  process,  and,  lastly, 
dissolved  in  ether.      This  latter  sohuion  yields  Ihc  pi;rc  nitrate. 

Uranates. — Uranic  oxide  unites  with  the  more  basic  melallic  oxides.  The 
uranates  of  the  ulkali-meta's  are  obtained  by  precipitating  a  uranic  salt, 
with  a  caustic  alkali  ;  those  of  the  earth-metals  and  heavy  metals,  by  pre- 
cipitating a  mixture  of  a.  u runic  -(ill  and  a  sal!  of  the  other  metal  with  am- 
monia, or  by  igniting  a  double   carbonado   or  a.eetate  of  uranium  and  the 
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oilier  mciN.]  (ca'cio-uranic  acetate,  for  example)  in  coniaclwith  the  air. 
The  uranai.es  have,  for  the  most  pn i-i .  tins  composition  :>  1. i  .,(>,,.  MO.  They 
are  yellow,  insoluble  in  water,  soluble  in  adds.  Those  which  contain 
fixed  liases  are  noi  decomposed  at  a  red  heal;  but.  at  a  white  heat,  the 
uranie  oxide  is  reduced  fo  uranoso-uratsic  i . x i i.( e ,  or  by  i ;r; i i t i on  in  hydrogen 
to  uranous  oxide;  the  mass  olttainod  by  this  last  method  easily  takes  fire 
in  contact  Willi  the  air.  SniH'im.  oro:u<-e,  :il..l.,D3.iS'a,0.  is  ranch  used  for  im- 
parting a  yellowish  or  greenish  color  to  glass,  and  as  a  yellow  pigment  on 
the  glazing  of  porcelain.  The  "  uranium-yellow  "  for  these  purposes  is 
prepared  on  the  large  scale  by  voasttiiiji;  pitchblende  with  lime  in  a  rever- 
beratory  furnace;  trcntiug  the  resulting  enleium  tnannte  with  dilute  sul- 
phuric acid;  mixing  the  solution  of  uranie  sulphale  thus  obtained  with 
sodium  carbonate,  bv  which  the  uranium  ss  lirst.  precipitated  together  with 
other  metals,  but.  then  rcdisiolvoii.  tolerably  free  from  impurity,  by  excess 
of  the  alkali;    and   treating   she  lionid  with   diluic   sulphuric  odd  which 

■throws    down    hyi.lriil.eil    sodium    uranute,    ^li,03.N:iaO.(lAq.       A ' 

union!,-,  is  hut  slightly  soluble  in  puve  water,  and  quite  insoluble 
containing  sal-ammoniac:  it.  may,  therefore,  be  prepared  by  pre- 
ing  a  solution  of  sodiiins-urarsai.e  wills  that  salt.  It  occurs  in  cor 
aa  a  fine  deep-yellow  pigment.,  also  called  "uranium  yellow."  This  salt 
when  heated  io  redness  leaves  pure  i:ranosa-uranic  oxide,  and  may,  there- 
fore, serve  us  ihc  raw  material  for  ihc  preparation  of  other  uranium  com- 
pounds. 

UtiiBvit-i  salts  form  green  Pol  uti-:--ii!~.  I'.rom  v.  hi  eh  riimi/i:  oUcolits  Uirow  down 
a  red- brown  gelatinous  precipitate  of  uranous  hydrate;  idknlvnc  carbimales, 
green  precipitates,  which  dissolve  in  excels,  especially  of  ammonium  ear- 
bonato,  forming  green  solutions!,  Anunotriom  sulpiuik  forms  a  black  preci- 
pitate of  iiL-iitioii.i  su'pbide;   hidrno'-o  sii':/>  i>-:o'>\  no  precipitate. 

Uranie  salts  arc  yellow,  ami  yield  with  auntie  nhWilks  a  yellow  precipitate 
of  alkaline  uranal'e,  insoluble  in  excess  of  the  reagent.  Alkaline  carbonates 
form  a  yellow  pvecipbute  consisting  of  a  carbonate  of  uranium  and  the 
alkali-metal,  solnb'e  in  excess,  especially  of  acid  ammonium  nv  piiiassiuiil 
carbonate.  Amianiiiinn  su/'/i/o'/if  forms  n.  black  precipitate  of  uranie  sul- 
phide. Hydrogen  s'Oyhiile  forms  no  precipitate,  bul  reduces  Hie  uranie  to  a 
green  uranous  sail,      I'oiosstooi  j't-.rro'iooiuo-:  Covins  a  red-brown  precipitate 

All  uranium  compounds,  fusel  v.iih  p'.n^h-jrus  sot!  or  borax  in  the  outer 
blowpipe  flam.o,  produce  a  cleitr  yell.iw  glass,  which  becomes  gveenish  on 
cooling.  In  the  inner  ilatne  the  glass  assiuees  a.  green  color,  becoming  still 
greener  on  cooling.  The  oxides  of  uranium  sire  not.  reduced  to  the  metallic 
slate  by  fusion  with  sodium  carbonate  on  charcoal. 

Uranium  compounds  ave  used,  as  alve.udy  observed,  in  euiimel  painting, 
and  for  the  staining  of  glas-i,  urairats  o\ide  giving  a  line  black  color,  and 
uvanic  oxide  a  delicate  greenish -yellow,  highly  tiuorrsccnt  glass.  Uranium 
salts  are  also  used  in  photography. 


INDIUM, 

Atomic  weight.  71.  Symbol,  In. 
This  metal  has  been  recently  discovered  by  Reich  and  Richtar,*  in  the 
sine-blende  of  Freiberg.  lis  spectrum  is  characterised  by  two  indigo- 
colored  lines,  one  very  bright,  and  move,  refrangible  than  the  bluo  line  of 
strontium,  the  other  fainler  but.  still  more  refrangible,  approaching  the  blue 
line  of  potassium.      It  was  the   production  of  this  peculiar  spectrum  that 
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led  to  the  dlsooYery  of  the  metal.  The  ore,  consisting  chiefly  of  blende, 
galena,  and  arsenical  pyrites,  was  roasted  to  expel  sulphur  and  arsenic, 
then  treated  with  hydruehUi/dc  :iciel,  ami  the  solution  was  evaporated  to 
dryness.  The  impure  /iue  chloride  Lhus  oblruiied  exhibited,  when  ex- 
amined by  the  spectroscope,  the  first  of  (lie  indigo  linos  above  mentioned. 
The  chloride  was  al'ccrwanls  obtained  in  :i  stare  of  greater  purity,  and 
from  this  tho  hydrate  and  the  metal  itself  wore  prepared.  The  first  line 
then  came  out  with  much  great  ci:  brilliancy.  at:u  lite  second  was  likewise 
observed 

Indium  has  Iiilherio  been  obtained  in  very  s;-;all  quantity  only,  so  that 
its  properties  hilve  been  but  impcri'ootly  studied.  It.  appears,  however,  to 
belong  to  the  iron  group.  The  metal  itself  is  .-it'  a  lead-gray  color,  soft, 
very  malleable,  and  marks  paper  like  lead.  11  dissolves  easily  in  hydro- 
chloric acid,  forming  a  deliquesce"!  chloride.  From  i  ho  solution  of  this  salt, 
it,  is  precipitated  by  aniuiimia  out!  potash  as  ;i  hydrate,  insoluble  in  excess 
of  cither  reagent.  Hydrogen  sulphide  'lues  not  pveeipii.ate  it  from  an  acid 
solution.  The  oxide  healed  en  charcoal  iVi:ii  soda,  yields  a  metallic  globule, 
which  when  reheated  oxidizes  io  a.  yellowish  powder.  The  compounds  of 
indium  impart  a  violet  tint  to  the  Haute  of  a  .11  onsen's  burner. 
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Atomic  weight,  122.     Symbol,  Sb  (Stibium). 

THIS  important  metal  is  found  chiefly  in  the  state  of  sulphide.  The  Ore 
is  freed  by  fusion  from  earthy  impurities,  rind  is  ui'lerwards  decomposed 
by  heating  with  mvi  ai'io  iron  or  potassium  carl; on a.te,  which  retains  the  sul- 
phur. Antimony  ims  a  bluish-whir  e  color  and  strong  lustre  ;  it  is  extremely 
brittle,  being  reduced  to  powder  with  tin;  utmost,  ease.  Its  specific  gravity 
is  6-8  j  it  melts  at.  a  temporal  urc  just  short,  of  redness,  mid  boils  and  vola- 
tilises at  a  while  heat..  This  metal  1ms  always  a  distinct  crystalline,  plnty 
structure,  but  by  particular  mrmno/eineiii  St  may  he  obtained  in  crystals, 
which  arc  rhombohedrrd.*  Antimony  is  not  o\;di/.-d  by  the  air  at  common 
temperatures  ;  when  strongly  honied,  jr.  burns  wir  li  a  white  name,  producing 
oxide,  which  is  often  d.opo.-ir  i'd  in  fieri  nt  if  id  crystals.  It.  is  dissolved  by  hot 
hydrochloric  acid,  with  evolution  of  hydrogen  and  production  of  chloride. 
Nitric  acid  oxidizes  ii.  to  amimonic  acid,  wiiieii  is  insoluble  in  that  liquid. 

Antimony  forms  two  classes  of  compounds,  tire  uiii  uuonious  compounds 
in  whichitistrivale.il,  a^Sb'^Cy  tib"-',,C).i,  >b'";S..,  So.,  and  the  autimonie 
compounds  in  which  it  is  i|uinqui.v:deut,  as  .SbH'l,.,  tS!>\,0..,  Sb'aS6,  &c. 

Chlouides.  —  The  trichloride  or  .  I  ■■  timmuout  chlorid  .  BbCl^  formerly  called 

hitler  of  antimony,  is  produced  when  hydrogen  sulphide  is  prepared  by  the 
action  of  Strong  hydrochloric  acid  on  antiinoiiioii?  suiphide.  The  impure 
and  highly  acid   solution    thus   obtain  oil    is  pi  it.  into  a  retort  and  distilled, 

until  each  .drop  of  the  condensed  product,  on  fulling  iuic.  tl queens  li.jiiid 

of  the  receiver,  produces  a  copious  white  precipitate.  The  receiver  is 
then  changed  and  the  distillation  ooni.iuued.  I.'i.re  aul.imonious  chloride 
then  passes  over,  and  solidifies  on  cuoiing  to  a  white,  highly  crystalline 
mass,  from  which  the  air  must,  be  earel'ully  excluded.  The  same  compound 
is  formed  by  distilling  uioiatiio  auiiuiouy  in  powioi-  w  ith  L'J  times  its  weight 
of  corrosive  sublimate.  Antimonious  chloride  is  very  deliquescent:  it  dis- 
solves in  siren);  hydrochloric  acid  wdiionl  decomposition,  and  the  solution 
poured  into  water  gives  rise  to  a  while  bulky  j  rocipilate,  which,  after  a 
short  time,  becomes  highly  oi-ysi:dl:jie.  and  assumes  a  pale  fawn-color. 
This  is  the  old  pom/a-  <>{  Aly<tr:iik;  it.  is  a  compound  of  trichloride  and  tr> 
oxide  of  antimony.  Alkaline  solid  ions  ex  I  laer  the  chloride  and  leave  the 
oxide.     Finely  powdered  antimony  I  brown  inio  chloi  ;ne  gas  takes  fire. 

The  peniacMoride,  or  Anlimanj/:  dilm-iiii-,  Sb("!5.  is  formed  by  passing  n 
stream  of  chlorine  gas  over  gent'y  keiiteil  met  id  lie  antimony  :  a  mixture  of 
the  two  chlorides  results,  which  may  be  separated  by  distillation.  The 
pentachlorido  is  a  colorless  volatile  liquid,  which  forms  a.  crystalline  com- 
pound with  a  sin  nil  portion  of  writer,  but  is  decomposed  by  a  larger  quantity 
into  fiijtiiiiimii!  and  hydrochloric  acids. 

*  tin  rteiMrnlyrdns  a  ro'lnlion  nv  1  part  ■:■(  Uirmr--e.i]elir  in  -I  w'-t  if  :iiitinn>vi.--iis  i- ] 1 1  =  --T i ■  - ■  ■  !:y 

.■vn.Ji  ..I    ml  :n..i,.    ,    ■    .1 i'i     i.  ■ |.ii.|iiti.i  \ n 

find  ca telling  (ire  "ilea  .ia.  i;.;-.i  or  :;:■::!<.  i:  :i!  .re.  ]':oivi-i.ia;-  et'  tin-  tO'i'iil  Society,  is.  70). 
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Antimojjioos  Hydride.    Akttmoretted  Eideooes.    Rtteine,  SbII3. — 

A  compound  of  aniitiiouy  aod  hydrogen  exisls,  lint  Tins  not  been  isolated: 
when  line  is  put  into  a  solution  of  ant  imoti  tons  oxide,  and  sulphuric  acid 
added,  part  of  the  hydrogen  eoiiitiincs  with  the  antimony,  and  the  resulting 
gas  burns  with  a  greenish  flame,  giving  rise  lo  while  fumes  of  antimonious 
oxide.  When  the  gas  is  conducted  I  li  i-oiijj:m  a  red-  ln.n  glass  tube  of  narrow 
dimensions,  or  burned  with  a  limited  supply  el'  air,  us  when  a  cold  porcelain 
surface  is  pressed  in  Id  tin:  Liinnc.  metallic  an1,  imouy  is  deposited.  On  pass- 
in;;  i!  curve-, i  of  autiinonetlcd  liy.lt  ogoti  tin  ough  a  solution  et"  silver  nit-rule, 
n  black  precipitate  is  obtained,  containing  isbAe3 :  from  ibc  formation  of 
this  compound  it  is  inferred  1 1mi  the  gas  him  tile  composition  Sbll3,  analo- 
gous to  ammonia,  phosphine,  and  a.rsiue.  There  are  also  several  analogous 
compounds  Of  antimony  v.iili  alcohol-radicals,  such  as  trimethyUtibinc, 
Sbfi./Hjij,  triclbjl-h!,;,,,,  ^b(C;Hs)j,  &e. 

OxniES. — Antimony  forms  two  oxides.  Sb/bj  and  i-^VV  analogous  to  the 
chlorides,  the  first,  being  a  basic  and  the  second  mi  acid  oxide,  also  an  inter- 
mediate  neutral  oxide,  Sb50v 

The  trioxido,  or  .ti<?/mv;;e.:fj  mj'ii",?,  Sh/>s,  occurs  native,  though  rarely,  as 
valentimte-  or  whila  aidimomi ,  in  shining  white  (rimet.ric  crystals;  also  as 
senartnontite  ia  regular  octahedrons:  it  is  therefore  dimorphous.  It  may  be 
prepared  by  several  methods  i  as  by  burning  mclnllio  antimony  at  the  bot- 
tom of  a  large  red- hoi  crucible,  ju  v.  hich  oast:  ii  is  obtained  in  brilliant  crys- 
tals; or  by  pouring  solution  of  nndmonious  chioride  into  water,  and  digest- 
ing the  resulting  precipil.ale  with  u  solution  of  sodium  carbonate.  The  oxide 
thus  produced  is  anhydrous ;  it  is  a  pale  bull'  colored  powder,  fusible  at  a 
red  heat,  and  volatile  in  :i  closed  vessel,  but  in  contact,  with  air  at  a  high 
temporature,  it  absorbs  oxygen  and  becomes  changed  into  the  tetroxide. 
"When  boiled  with  cream  of  tartar  lucid  potassium  I  art  rale),  it  is  dissolved, 
and  the  solution  yields  on  evaporation  crystals  of  ieirfttr-cmetic,  which  is 
almost  the  only  ant im unions  sail  that-  can  bear  admixture  with  water  with- 
out, decomposition.  An  impure  oxide  for  this  purpose  is  sometimes  pre- 
pared by  carefully  rc:.:ss:iur-;  toe  pnwdcrcd  sulphide  in  u  rovcrberatory  furnace, 
nace,  and  raising  the  heat.  at.  the  etui  of  Hie  process,  so  as  to  fuse  the  product: 
it  has  long  been  known  tun  lor  the  name  of  i/.'im  <;/'  tiniistwiiy,  or  vitrum  anli- 

Antimonions  oxide  likewise  acts  as  a  feeble  acid,  forming  salts  called  an- 
limoniU!!,  which  however  are  very  unstable. 

The  tetroxide,  or  Amhmmi.'st,  w-iiiiiviiir  <>:■-■',.',■■.  S!i.,i  ). .  yb/)s,  occurs  native 
as  cervantite  or  antimony  ochre,  in  aeicular  oiysinls,  or  as  a  crust  or 
powder.  It  is  the  ultimate  pro  duct  of  the  oxidation  of  the  metal  by 
heat,  and  air:  it  is  a  2  ray  is  b- wit  be  powder,  infusible,  and  non-volatile,  in- 
soluble in  water  and  acids,  except  when  recently  precipitated.  On  treat- 
ing it  with  tartaric  acid  (acid  poiassium  I  art  rate),  antimonious  oxide  is  dis- 
solved, antimonic  acid  remaining  behind;  and  when  a  solution  of  the 
tetroxide  in  hydrochloric  acid  is  graduai'y  dropped  into  a  large  quantity 
of  water,  antimonious  oxide  is  precipitated,  while  iiulimonic  acid  remains 
dissolved.  From  these  and  simi'ar  reactions  it  has  been  inferred  that  the 
tetroxide  is  a  compound  or'  1  be  I  rinxide  and  pentoxide.  On  the  other  hand, 
it  is  sometimes  regarded  as  a  distinct  oxide,  because  it.  dissolves  without 
decomposition  in  alkaiie-.  forming  -alt-  Jol'ren  culleil  m,ti,:>!'i.it:-x),  which  may 
be  oblainc.l  in  I  In:  solid  suite.  Two  polnssium  salts,  for  ex  am  pie.  have  biten 
formed,  containing  Sb,0., .  K,0  and  iiSb^  .  K,0 ;  and  a.  calcium  salt  2Sb101, 
SCaO,  occurs  as  a  natural  mineral  called  rr-mtine.  These  salts  may,  how- 
ever, be  regarded  as  compounds  of  ant.imonatcs  and  iintimonites  (contain- 
ing Sb/)3):  thus,  2!Sb,04.  Ka0)  —  (Sb.,Os .  K,0)  -f  (Sb„03 .  KsO). 

like  pentoxide,  or  Antigenic  oxide,  Sb/)5.  is  formed  as  an  insoluble  hydrate 

Hnslen  by  G00gle 


420  PENTAD  METALS. 

when  strong  nitric  acid  is  made  to  act.  upon  metallic  antimony;  and,  on  ex- 
posing this  hydrate  to  a  heal  short  of  redness.  U  yields  the  anhydrous  pen- 
toxide  as  a  pale  straw-colored  powder,  insoluble  in  water  and  acid.  It  la 
decomposed  by  :i  tea-Leal,  yielding  IIil'  tetroxide. 

Hydratod  anftinonie  usido  is  likewise  .jIUm im-'l  by  deootr.pofi:.g  antimony 
pentachloride  with  mi  excess  of  water,  hydrochloric  acid  being  formed  at 
the  same  time.  Tliu  hydiatcd  oxides,  cv  acids,  produced  by  the  two  pro- 
cesses mentioned,  .KttV'i-  in  ninny  of  Hick  proporiics,  and  especially  in  their 
deportment  with  bases.  Tin;  acid  produced  by  nitric  acid,  called  anlimmric 
acid,  is  monobasic.  produeitnr  normal  suits  of  the  form  Sbj05.M,0,  or 
SbO,M,  and  acid  soils  containing  !JSh,< b.M.,ti,  or  Sb/i^SbOjM.  The  other, 
called  miiantivinriic  <jt.;'!.  is  bibasio,  funning  normal  falls  containing  SbjOj. 
2MV0,  or  Sb,0,M4,  and  acid  salts,  containing  MSIUI. .  iiM.,0,  or  Sb206.  MsO, 
so  that  the  acid  motantimonates  are  isomeric  or  polymeric,  with  the  normal 
antimonatcs.  Among  the  inolautitiiouatos  an  acid  potassium  salt,  Sb206. 
KjO.TOH,  is  to  be  particularly  noticed  as  yielding  a  precipitate  with 
sodium  salts:  it  is,  indeed.  I  he  only  reagent  which  [irecipitat.es  sodium.  It. 
is  obtained  by  fusing  oniimoiiic  oxide  with  an  excess  of  potash  in  a  silver 
crucible,  dissolving  tin:  fused  ntass  in  a  small  quantity  of  cold  water,  and 
allowing  it  to  crystallize  in  a  vacuum.  The  crystals  consist  of  normal 
potassium  metantimor.fi  to,  ShJt-,.  ilKO.  and,  when  dissolved  in  pure  water, 
are  decomposed  into  free  potash  and  acid  jiie.ianlimonate. 

Snr.rHrDKs.  The  ti-iml/ihiih:  or  Aiiliinr.rjtins  ->;■■,■;.■.■■.'■;";•,  Sb2S3,  occurs  native 
as  a  lead-gray,  brinle  snbsia.nce,  having  a  radiated  crj  stalline  texture,  and 
is  easily  fusible.  It  may  be  prepared  an  ifio  billy  by  in  el  ling  together  anti- 
mony and  sulphur.  When  a  solution  of  tartar-emetic  is  precipitated  by- 
hydrogen  sulphide,  a  briek-rcd  preoipilatc  falls,  which,  is  the  same  sub- 
stance combined  with  a  little  wafer.  If  ihe  precipitate  be  dried  ami  genlly 
healed,  the  wafer  may  be  eiqadiod  wdthout  niher  ehange  of  color  than  a, 
little  darkening,  but  at  a  higher  temperature,  if  assumes  the  color  and 
aspect  of  the  native  sulphide.  This  remarkable,  clmuge  probably  indicates 
a  passage  from  the  amorphous  to  the  crystalline  condition. 

Vi'hen  powdered  antimoiiious  snlphide  is  boiled  in  :;.  solution  of  caustic 
potash,  it  is  dissolved  anlimonioits  o\lile,  and  potassium  sulphide  being 
produced,  tbo  latter  unites  with  an  additional  q  nan  lily  of  antimonious  sul- 
phide to  form  a  soluble  sulphur-sal i,  in  which  tbo  potassium  sulphide  is  the 
sulphur  base,  and  (he  aiilimouious  sailphido  is  the  sulphur  acid: 
3KsO  +  aSbjS,  =  Sb,08  +  SbjS3.  3KaS. 

The  antimonious  oxide  separates  in  s II  crystals  from  the  boiling  solu- 
tion when  the  latter  is  concern  rated,  and  the  sulphur- salt  dissolves  an  extra 
portion  of  antimonious  sulphide,  which  if  again  deposits  en  cooling  as  a 
red  amorphous  jioiviki,  containing  a  small  admixture  of  antimonious  oxide 
and  potassium  sulphide.  This  is  the  kenues  ni.ih<-ral.  of  the  old  chemists. 
The  filtered  solution  nii.soil  lvilli  an  acid  gives  a  potassium  salt,  hydrogen 
sulphide,  and  precipitated  antimonious  sulphide.  Kermes  may  also  be 
made  by  fusing  a  mixture  of  5  pans  antimonious  sulphide  and  3  of  dry 
sodium  carbonate,  boiling  li.c  mass  in  --I)  pa:  as  of  r.ai  er,  anil  lillcriug  wdiile 
hot:  the  compound  separaies  on  cooling.  The  compounds  of  aiitimouioiis 
sulphide  with  basic  sulphides  are  calico  si--!fih-an!iwj,i-'i<:.> ;  many  of  them 
occur  as  natural  minerals,  for  examine  :  idjikeuitc.  sb.,sf..  L'laS  :  feather  ore, 
8bjS,.2PbS;  bouSangcrite.  Sb.^.ol'bS  ;  fahlore,  or  lelrahedrite,  SbjS,. 4Cu,S, 
the  antimony  being  more  or  less  replaced  by  arsenic,  and  the  copper  by 
silver,  iron,  zlno,  and  mercury. 

The pcnttisjilpkidf.  or  Aniim-vric  nilph-itle.  Sb,H3,  formerly  called  sulphur  itu- 
ratam,  is  also  a  sulphur  acid,  i'onuin--   sails  eailed  sitlplnntiritoiiates,  most  of 
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winch  have  the  composition  Hri.„as .  fS.l  !.,:•!,  or  .Slk-.M.,,  analogous  to  the  normal 
orthophosphates  am!  arsenates.  '  When  lis  parts  finely  powdered  antimoni- 
ous  sulphide,  17  parts  dry  sodium  carbonate,  li!  purl  a  slaked  lime,  and  3£ 
parts  sulphur,  are  boiled  for  some  hours  in  a  quantity  of  water,  calcium 
Carbnnate.  sodium  am  intonate,  antimony  pent  asu)  pi)  hie,  a  ml  sodium  suiphide 
aio  produced.  The  first  is  insoluble,  ami  me  second  partially  so:  the  two 
last-named  bodies,  on  [he  contrary,  unite  lo  form  soluble  sodium  sulph- 
ajitimonate,  SuS^Kiij,  which  may  be  obtained  by  evaporation  in  beautiful 
crystals.  A  solution  of  this  substance,  mixed  ■.villi  dilule  sulphuric  acid, 
furnishes  sodium  sulphate,  hydrognu  siiiphido,  and  uniimouy  pentasulphide, 
which  falls  as  :i  golden-yellow  llnccuh.uil  precipitate. 

Tlie  sulpliantimonates  of  the  all;ali-metals  and  alkaline  earth-metals  are 
very  soluble  in  water,  ami  ei-ystalli/c  for  ihe  must  purl,  with  several  mole- 
cules of  water.  Those  of  the  heavy  metals  are  insoluble,  and  are  obtained 
by  precipitation. 

The  few  salts  of  aniimony  solid  do  in  water  are  disti  nelly  characterized 
by  the  orange  or  brick-red  preoipiiai  e  with  /■  '."/'it, ■■/■■.■  .■  ■!!!■/, hide,  which  is  solu- 
ble in  a  solution  of  ammonium  sulphide,  and  again  pi-eci pirated  by  an  acid, 

AntimOlliouS  chloride,  as  already  observed,  is  decomposed  by  water, 
yielding  a  precipitate  of  oxyeldoiide.  Tbc  precipitate  dissolves  in  hy- 
drochloric acid,  and  the  resulting  solution  gives,  with  jmianh,  a  white  pre- 
cipitate of  trioside,  si.ibihle  in  a  large  txuiiss  of  the  reagent.-  with  ammonia 
the  same,  insoluble  in  excess  ;  wil  li  }m/,i.*.iiiiui  or  smKitni  c-.i  rbonate,  also  a  pre- 
cipitate of  trioxide,  which  dissolves  in  excess,  especially  of  the  potassium 
salt,  but  reappears  after  a  while.  If,  however,  the  solution  contains  tar  time 
iisid,  the  precipitate  formed  by  pat  ash  dissolves  cas-ily  in  excess  of  the  alkali; 
ammonia  forms  but  a  ellghl  preoipital  9,  and  I  tie  preoi  pit&tea  formed  by  al- 
kaline carbonates  are  insoluble  in  excess.  The  last-mentioned  characters 
are  likewise  exhibited  l>y  a  solution  of  tartar-emetic  jpotassio-anr.imonious 
tartrate).  Zinc  and  trnn  precipitate  inn  i  tunny  from  its  solutions  as  a  black 
powder.  Copper  precipitates  it  as  a  shining  metallic  film,  which  may  bo 
dissolved  oil'  by  potassium  permanganate,  yielding  a  solution  which  will 
give  the  ciiaraeterisl  ie  red  precipitate  with  hydrogen  sulphide. 

Solid  antimony  compounds  Insed  upon  charcoal  with  sodium  carbenato  or 
potassium  cyanide,  yield  a  hvitije  globule  of  antimony,  a  thick  white  fume 
being  at  the  same  time  given  .iff,  ami  :  lie  ciiurcoa!  covered  to  some  distance 
around  with  a  white  deposit  of  oxide. 

Besides  its  application  to  medicine,  antimony  is  of  great  importance  in 
the  arts,  inasmuch  as,  in  combination  wit  h  lead,  it.  forms  lyp'.-mnUiL  This 
alloy  expands  at  the  moment,  of  sol idi lying,  and  lakes  an  exceedingly  sharp 
impression  of  tlie  mould.  It.  is  remarkable  that,  both  its  constituents  shrink 
under  similar  circumstances,  and  make  very  had  castings. 

Britannia  metal  is  an  alloy  of  11  pacts  tin  and  1  part  antimony,  frequently 
also  containing  smiill  quantities,  of  copper,  /inc.  or  bismuth.  An  alloy  of 
12  parts  tin,  1  part  antimony,  and  a  small  quantity  of  copper,  forms  a 
superior  kind  of  pewter:  Alloys  of  antimony  with  tin,  or  tin  and  lead,  are 
now  much  used  for  machinery-hearings  in  place  of  gun-metal.  Alloys  of 
antimony  with  niekel  and  with  silver  occur  as  natural  minerals. 

Antimony  trisulphide  enters  into  the  con, position  of  the  blue  signal-lights 
used  at  sea.* 

*  Blue  or  Bengal  light: 

I'v ■■■.iiiiiiiirate       .       .       ,  ejrarts 

Antimony  tri sulphide       .       .   '    .       ,       .       Ipart. 

All:a  fine  p..,vil,v,  mid  IiLOiiuilel.v  anv^d. 
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Atomic  weight,  75.      Symbol,  As. 

AnsENTC  is  somelimes  found  native:  ;t  occurs  in  considerable  quantity  as 
a  constituent  of  many  mineral.*,  cam  bind  I  wish  mcluis.  sulphur  and  oxygen. 
In  the  oxidized  stale  it  has  been  found  in  very  minute  quantity  in  a  great 
many  mineral  waters.  Tim  largest  proportion  is  derived  front  the  roasting 
of  natural  arsenide*  of  iron,  nickel,  ami  cobalt.  The  operation  is  con- 
ducted in  a  reverberator;-  furnace,  um.l  the  volatile  products  are  condensed 
in  a  long  and  nearly  horizontal  chimney,  or  in  a  kind  of  tower  of  brick- 
work, divided  into  numerous  chamliet-s..  'I'iie  crude  arsenious  oxide  thus 
produced  is  puriiicd  by  sublimation.  :ind  then  heated  with  charcoal  in  a 
retort ;  the  melal  is  reduced,  !ind  readily  sublimes. 

Arsenic  has  a  steel-gray  color,  iind  high  metallic  lustre:  it  is  crystalline 
and  very  brittle;  it  im-nishes  in  the  air.  but  may  he  preserved  unchanged 
in  pure  water.  Its  density,  in  the  solid  state,  is  5-7  to  fi-fl.  When  heated, 
it.  volatilizes  without  fusion,  and  if  air  lie  present,  oxidizes  to  arsenious 
oxide.  Its  vapor  density,  compare!  Willi  Hist  of  hydrogen,  is  ISO,  which 
is  t.wico  its  atomic  weight,  so  that  its  moiccule  in  the  gaseous  state,  like 
that,  of  phosphorus,  m-cupics  only  half  the  volume  of  a  molecule  of  hy- 
drogen (p.  2li8).      The  vapor  has  flic  odor  of  garlic. 

Arsenic  combines  wit  It  metals  in  Ihe  same  manner  as  sulphur  and  phos- 
phorus, which  it  resetiilnes,  especially  the  latter,  in  many  respects:  indeed, 
it  is  often  regarded  as  a  metalloid. 

Arsenic.,  like  nitrogen,  liona.ves  in  most  rcspcols  as  a  triad  element,  not 
being  capable  of  uniting  with  more  than  three  atoms  of  anyone  monad 
clement.  Thus,  it  forms  the  compounds  Asll,,  AsG3,  AsBr3,  &c,  out  no 
compound  analogous  to  the  pentaehlovide  of  phosphorus  or  antimony.  But 
just  as  ammonia,  Nil,,  can  take  up  the  elements  of  hydrochloric  acid  to 
form  sal-ammoniac,  Nif^l,  in  which  nitrogen  appears  quinquivalent,  so 
likewise  Can  arsenelted  hydrogen  or  nrsine,  As"'!!.,,  unite  with  the  chlorides, 
bromides,  &c.  of  the  radicals,  methyl,  ethyl,  &c,  to  form  salts  in  which 
Ihe  arsenic  appears  lo  be  ipiiutiuivulent,  e.  g.: 

Arsenethylium  bromide    .      .     .      As'H3(CjHs)Br.,  &c. 
Arse  nme  thy  Hum  chloride  .      .      .  As*H3(CH3)Cl. 
In    like    manner,    arsentrim ethyl,    As'"<CH,)„   unites  with   the   chlorides 
of  methyl  and   ethyl,  forming   the    compounds    Asv(01Jaj,<..'I   and  As*(CH3)3 
[C-H,)C1, 

Arsenio  likewise  forms  two  oxides,  viz.,  arsenious  oxide,  As'"/),,  and 
arsenic  oxide,  As-.,Or.  with  corresponding  acids  and  sails,  analogous  I o  phos- 
phorous and  phosphoric  compounds ;  the  arsenates,  in  particular,  are  iso- 
morphous  with  the  other  phosphates,  and  resemble  them  closely  in  many 
other  respects. 

Arsenious  Cki.OB.tde,  AbC13.  —  This,  the  only  known  chloride  of  arsenic, 
is  produced,  with  emission  of  heat  and  light,  when  powdered  arsenic  is 
thrown  into  chlorine  gas.  It.  is  prepared  by  distilling  a  mixlure  of  1  part 
of  metallic  arsenic  and  C  parts  ol'  corrosive  sublimate,  and  by  distil- 
ling arsenious  oxide  with  strong  hydrochloric  acid,  or  with  a  mixture  of 
common  Salt  and  sulphuric  acid.  It  is  a  colorless,  volalile,  highly  poisonous 
liquid,  decomposed  by  water  into  arsenious  and  hydrochloric  acids.  Arse- 
ninus  iodide,  As!,,  is  formed  by  liea.ting  mel.i.ilic  arsenic  ivilh  iodine:  it  is  a 
deep-red  crystalline  substance,  capable  of  sublimation.  The  corresponding 
bromtde  and  fluoride  are  both  liquid. 
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Hydpices.  —  Arsenic  forms  two  hydridee,  containing  2  and  3  atoms  of 
hydrogen  combined  with  1  atom  of  arsenic. 

The  trihydriib,  Araasious  iii/tli-'ul,:.  Arsrac-'scd  liydrnat-.n  oi'  Arsine,  AsHj, 
analogous  in  composition  lo  ammonia.,  phnsiiliinc,  and  stibine,  is  obtained 
pure  by  the  actum  nf  strong  hydrochloric  siuitl  on  an  alloy  of  equal  parts  of 
lino  and  arsenic,  and  is  produced  in  gre.i.ter  ov  less  proportion' whenever 
hydrogen  is  set.  free  in  cm  it  suit,  with  arsenious  acid.  Arsenelted  hydrogen 
is  a  colorless  gun,  of  specilic  gvuviiy  2-i','.*~>,  snjdill.y  soUiole  in  water,  and 
having  the  smell  of  garlic.  It  burns,  when  kindled,  with  a  blue  flame, 
generating  arsenious  aciil.  It  is  also  decomposed  hy  iransmission  through 
a  red-hot  tube.  Many  metallic  solutions  a  re  precipitated  hy  this  substance. 
When  inhaled,  it  is  exceedingly  poisonous,  even  in  very  minute  quantity. 
AsH, 

The  dihydridc.  AsH..,  or  rather  .\<„  II.  .-  I  .is  produced  by  passing  an 
AsH2 
electric  current  through  water,  the  negative  pole  being  formed  of  me  tall  ie 
arsenic:  also  when  potassium  or  sodium  arsenide  ;s  dissolved  in  water. 
It  is  a  brown  powder,  which  gives  off  hydrogen  when  heated  in  a  close 
vessel,  and  burns  when  heated  in  iiio  air.  It  is  analogous  in  composition 
to  iirsendimethyl  ov  eiieodyl,  As,(CB,)t, 

AttSF.jiTons  Oxinn,  Acid,  ami  Salts.  —  Arzcriiotis.  miilr,  Ass03,  also  called 
white  oxide  of  arsenic-,  is  produced  in  llu:  manner  already  mentioned.  It  is 
commonly  mot  with  in  the  form  of  a  heavy,  white,  glassy-looking  substance, 
with  smooth  eonclioi'dal  fracture,  i.hioh  lias  evidently  undergone  fusion. 
When  freshly  prepared  it  is  often  irnnsparent,  but  by  keeping  becomes 
opaque,  at  the  same  lime  sliediily  diminishing  in  density,  and  acquiring  a 
greater  degree  of  solubility  in  witter.  ]()!>  pn.ris  of  Hint  liquid  dissolve  at 
100°  about  11  -a  parts  of  the  opaque  variety  :  I  he  lar^esi  portion  separates, 
however,  on  cooling,  '.ravine-  about.  ;i  pairs  dissolved:  the  solution,  which 
contains  arsenious  acid,  feebly  reddens  litmus.  Cold  wafer,  agitated  with 
powdered  arseiiioos  o\id«.  takes  up  a,  si  ill  smaller  quantity.  Alkalies  dis- 
solve this  substance  freely,  forming  ai>enitcs;  compounds  with  ammonia, 
baryta,  strontia,  lime,  magnesia,  and  mangannus  oxide  also  have  been 
formed:  the  silver  salt  is  n  beauiiful  !  em  on-yellow  precipitate.  The  ar- 
senites  are,  however,  very  uusiab'o,  and  have  been  but  little  examined. 
Those  which  have  the  composition  As031,  or  As/ta.  M„0,  arc  generally  re- 
garded as  normal  salts;  there  are  also  arseailos  eoala.ining  AsjOrJl,,  or 
AsjOj.aMjO,  and  AsOaM„  or  As.,03 .  BM.,0,  besides  acid  salts.  Arsenious 
oxide  is  easily  soluble  in  hoi.  hyiirocbloi'ic  acid.  Its  vapor  is  colorless  and 
inodorous,  and  it.  crystallines  on  solidiiyine  jn  brilliant,  transparent  octo- 
liedrons.  The  oxide  o.r  acid  iise.lC  has  a  feeble  sweetish  and  astringent 
taste,  and  is  a  most  feavfnl  poison. 

AaSKsio  OxiriR,  Aen>,  ami  Salts.  —  "When   powdered  arsenious  oxide  is 

dissolved  in  hot  bydrooli'.nrio  aeid,  ami  oxidized  by  the  addition  of  nitric 
acid,  the  latter  being  added  as  long  as  red  vapnrs  are  produced,  the  whole 
then  cautiously  evaporated  to  compleie  dryness,  and  ilie  residue  heated  to 
low  redness,  arsenic  oxide,  As,').,,  remains  in  I  lie  form  of  a  wdiite  anhydrous 
mass  which  has  no  a  e  line  upon  iitmiis.  When  strongly  heated,  it  is  resolved 
into  arsenious  oxide  niel  free  oit^rn.  In  water  ii  dissolves  slowly  but  com- 
pletely, giving  a  Middy  arid  solution,  wiiicli.  on  beiiui;  evaporated  to  a 
syrupy  consistence,  deposits,  after  a  time,  hviirated  crystals  of  arsenic  acid, 
containing  2AsO.Ha.  Oil,,  ov  As,(\.  i'Oll, '—  Aij.  These  crystals,  when 
heated  to  100°,  give  off  their  water  i.f  crvsiaiU/ation  auu"  leave  trihydrated 
arsmk  acid,  A.s04lls.  or  As.,tl3.  :!OJ.l„;  at  i-IM°-  -IGCP  the  dihydrale,  As,,0,H41 
or  AsjOs.  2011,,  is  left ;   and  itl  :!o(l:  the  monohydrate,  As03H,  or  ASjOs.  0H2. 
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The  aqneous  solutions  of  the  three  hydrates  anil  of  tlic  anhydrous  oxide 
exhibit  exactly  the  same  characters,  and  ail  contain  f  lies  trill  yd  rate,  the 
other  hydrates  being  immediately  (jouvfi-tml  info  that,  compound  when  (lis- 
solved  in  water;  in  i.li Is  respect  iho  hydraies  of  arsenic  acid  differ  essen- 
tially from  those  of  phosphoric  acid  (p.  285). 

Arsenic  acid  is  a  very  powerful  acid,  forming  salts  is 
n  oif'HpHjui-liti  [v  phosphates  :  it  is  also  trihasie.  A  sodium 
12011.,,  utidistingui.-liable  in  appearance  from  common  sodium  phosphate, 
may  be  prepared  by  adding  I  ho  carbonate  r.iui  sol  u!  ion  of  arson  ie  acid,  until 
an  alkaline  reaction  is  apparent,  and  then  evaporating.  This  salt  also 
crystallizes  with  7  molecules  of  water.  Another  iiisenato,  AsO^No,.  120lla, 
is  produced  when  sodium  carhomile  in  excess  is  fused  with  arsenic  acid,  or 
when  the  preceding  .-alt  is  mixed  with  caustic  soda.  A  tliird,  AsOaH3rJa. 
OIL,,  is  made  by  substituting  an  excess  of  arsenic  acid  Cor  the  solution  of 
alkali.  The  alkaline  arsenates  which  con  fa  in  basic  waier  lose  the  latter  at 
a  red  heat,  but,  unlike  the  phosphates,  recover  it.  when  again  dissolved. 
'I' lie  arsenates  of  1  lie  alkalies  are.  sol  able,  in  water:  those  of  tin;  carl  lis  and 
other  metallic  oxides  are  insoluble,  but  are  dissolve:!  by  acid.  The  precip- 
itate with  silver  nitrate  is  highly  ehaiae:oristie  of  arsenic  acid:  it  is  red- 
dish-brown. 

Sulphides.  —  Two  salpoides  of  arsenic  are  bnown.  Die  tilsulpfii'te,  As,,?.,, 
occurs  native  as  I'aifyir.  It  is  formed  artilieially  by  heating  arsenic  acid 
with  the  proper  propori  ion  of  sulphur.  It  is  an  orange-ted,  fusible,  and 
volatile  substance,  employed  in  painting,  and  by  Hie  pyrotechnist- in  making 
white  fire.  The  t-i-iinlfihin'r  or  ,i,:<i-i:iuiin  .<nlt<ii it, V,  AslS3,  also  occurs  native  as 
Orpiment,  and  is  prepared  ariificially  by  fusing  arsenic  with  the  appropriate 
quantity  of  sulphur,  or  by  procipilaiing  a  solution  of  arsenious  acid  with 
hydrogen  sulphide.  Jt  is  a  golden-yellow,  crystalline  substance,  fusible, 
and  volatile  by  heat.  A  cold  solution  of  arsenic  acid  is  not  immediately 
precipitated  by  hydrogen  sulphide,  but  after  some  hours  the  solution,  satu- 
rated with  hydrogen  sulphide,  yields  a  light-yellow  deposit  of  sulphur,  the 
arsenic  acid  being  reduced  to  arscnious  acid,  which  is  then  gradually  con- 
verted into  lemon-yellow  ursenious  sulphide,  fn  boiling  solutions  the  pre- 
cipitation takes  place  immediately.  Tin;  mixture  of  sulphur  and  trisulphide, 
thus  produced,  was  formerly  regarded  as   a  pent asulphido,  corresponding 

The  disulphide  and  trisulphide  of  arsenic  arc  siilphru'-a.cids,  uniting  with 
other  metallic  sulphides  to  form  sulphur-suits.  Those  of  the  disulphide  arc 
called  h/pos-iityharsfniifs;  they  arc  but  little  known.  The  salts  of  arson ious 
sulphide  are  called  snlplmrncmlfs.  Their  composition  may  be  represented 
by  that  of  the  potassium  sails,  \iv...  As.sy.K.  or  As,*,,.  K^S ;  As,,S.K4,  or 
AssS,.2K8S,  and  AslijK3,  or  As.,F.,.BK.,S.  Of  these  the  bi basic  salts  are  the 
most  common.  The  sulpharscniles  of  the  alkali-metals  and  alkaline  earth- 
metals  are  soluble  in  water,  and  may  bo  prepared  by  digesting  arsenious 
sulphide  in  the  solutions  of  the  corresponding  hydrates  or  sulpli- hydrates ; 
the  rest  are  insoluble  and  are  obtained  by  precipitation.  Sulphur-salts, 
called  .iiilph'irsainli!'.  corro-ponding  in  composition  to  the  arsenates,  are  pro- 
duced, in  like  manner,  by  digesting  the  mixi  are  of  sulphur  and  arsenious 
sulphide,  precipitated,  as  above  mentioned,  from  a.vse.nic  acid,  in  solutions 
of  alkaline  hydrates  or  sulpli-iiydrat.es;  also  by  passing  gaseous  hydrogen 
sulphide  through  solutions  of  arsenates.  There  ure  three  sulph-arseriatcs 
of  potassium,  contain. hit'   AstsaK.  or  AsA  .  K„S;   AssS,,K.,,  ""    "  ,:l    ■' 

and  AsS4K,,  or  As,Ss .  o.K.S.  The  sulph-a 
alkaline  earth-metals  are  soluble  in  ----- 
obiaiiied  ]j v  precipitation. 


Arsenious  aeiil   is  distinguished  by   characters  which  eanno 

der  stood. 

Hiii'i-r  liiirnti;  mixed  with  a  solution  nf  arsenious  acid  in  wate  . 
no  precipitate,  or  merely  a  faint  eluiid :  nut  if  :i  little,  alkali,  or  a  drop  of 
ammonia,  be  added,  u  yellow  prceipii  n'.'.:  of  Mil  vol-  arsenite  immediately  liills. 
The  precipitate  is  exceedingly  soluble  in  excess  of  ammonia;  that  sub- 
stance must,  therefore,  be  added  with  great  caution;  it  is  likewiso  very 
soluble  in  nitric  a«id. 

Cuprii:  niil'plintn  give.-  no  precipitate  with  solution  nf  ingenious  acid,  until 
the  addition  lias  been  made  of  a  little  alkali,  when  a  brilliant  yellow-green 
precipitate   (Schcelu'a  yrcou)  falls,  which   also   is  very  soluble  in  excess  of 


IbidriKj'-.n  stdptiHt'  passed  iulo  a  sol nl  ion  nf  arsouions  acid,  to  which  a  few 
drops  of  hydrochloric  or  sulphuric  arid  have  been  added,  occasions  the  pro- 
duction of  n  copious  bright-yellow  precipitate  of  oriiiment,  which  is  dis- 
solved iviili  facility  by  iiriLiinjiiiii,  M.nil  rourecipitutcd  by  acids. 

Solid  arsenious  oxide,  heated  by  the  blowpjpo  in  a  narrow  glass  tube  with 
small  fragments  of  dry  charcoal.  aliVrds  a.  sublimate  of  metallic  arsenic  in 
the  shape  of  a  brilliant  siecl-paai y  met  alii  e  ring.  A  p.ovtion  of  this,  detached 
by  the  point  of  a  knife,  and  heated  in  a  secern!  gla.ta  lobe,  with  access  of 
air,  yields,  in  its  turn,  a  sublimate  of  colorless,  transparent,  ootohedral 
crystals  of  arsenious  oxide. 

All  these  experiments,  which  :hii>tht  give  demonstrative  proof  of  the 
presence  of  the  substance  in  (pieslien,  may  be  pcrformc-d  with  perfect  pre- 
cision and  certainly  upon  exceedingly  small  quantifies  of  material. 

The  detection  of  arsenious  acid  in  complex  mixtures,  con- 
taining organic  matter  anil  common  salt,  as  boor,  gruel,  soup,  Fig.  HI. 
So.,  or  the  fluid  couleuls  of  the  stomach  in  cases  of  poison 
ing,  is  a  very  far  more  difficult  problem,  but  one  which  is, 
unfortunately,  often  required  to  be  solved.  These  organic 
matters  interfere  completely  ivit.li  I. be  liquid  tests,  and  render 
their  indications  worthless.  Sometimes  the  difficulty  may  be 
eluded  by  a  diligent  search  in  the  suspected  liquid,  and  in  the 
vessel  containing  it,  for  fragments  or  powder  of  .so. id  arseni- 
ous oxide,  which,  from  its  small  degree  of  solubility,  often 
escape  solution,  ami  front  the  high  (tensity  of  the  substance, 
may  be  found  at  the  bottom  of  the  vessels  in  which  the  fluids 
are  contained.  If  anything  of  the  kind  be  found,  it  may  be 
washed  by  decant at.i on  wit  h  a  little  cold  water,  dried,  and  then 
reduced  with  charcoal.  Jt'or  the  latter  purpose,  a  small  glass 
tube  is  taken,  having  the  figure  represented  in  the  margin ; 
while  German  glass,  free  from  lead,  is  to  be  preferred.  The 
arsenious  oxide,  or  what  is  suspected  to  be  such,  is  dropped 
to  the  bottom,  ami  covered  wii  li  -pi inters  or  little  fragments  of 
charcoal,  the  tube  being  fillet.!  lo  the  shoulder.  The  whole  is 
gently  heated,  to  expel  any  moisture  that  may  be  present,  in  the  charcoal, 
and  the  deposited  water  wiped  from  the  interior  of  the  tube  with  bibulous 
paper.  The  narrow  part  of  the  tube  containing  the  charcoal,  from  a  to  b. 
is  now  heated  by  the  blowpipe  flame ;  when  red-hot.  the  tube  is  inclined,  so 
that  the  bottom  also  may  become  heated.  The  arsenious  oxide,  if  present, 
is  vaporised,  and  reduced  by  the  charcoal,  and  a  ring  of  metallic  arsenic 
deposited  on  the  cool  part  of  the  tube.  To  complete  (he  experiment, 
the  tube  may  be  melted  at  a  by  the  point  of  the  tlume,  drawn  off,  and 
closed,  and  the  arsenic  oxidi/cd  to  arsenious  oxide,  by  chasing  it  up 
and  down  by  the  heat  of  a  str.ull  spirit-lamp.  A  little  water  may  after- 
wards be  introduced,  and  boiled  in  the  lube,  by  which  the  arsenious 
oxide   will   be  dissolved,    and  to    this    solution   the   tests  of  silver  nitrate 
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and  ammonia,  copper  sulphate  anil  ammonia,  ami  hydrogen  sulphide,  may 
be  applied. 

When  the  search  for  solid  arsouious  oxide  fails,  the  liquid  itself  must  be 
examined;  a  tolerably  lini]iiil  solution  must  he  obtained,  from  wLicli  the 
arsenic  may  be  precipitated  by  hydro^n  sulphide,  ami  the  orpiment  col- 
lected, and  reduced  to  the  metallic  state.  It  is  in  the  first  part  of  this 
operation  that  the  chief  difbeuliy  is  found:  such  tu-panic  mixtures  refuse  to 
filter,  or  filter  so  slowly  as  to  vernier  Home  mot-hod  of  acceleration  indispen- 
sable.* Boiling  lviih  a  little  caustic-  poiasli  ov  acetic-  acid  will  sometimes 
effect  this  object.  The  following  is  an  outline  of  a  plan  which  has  been 
found  successful  in  a  -variety  of  cases'  in  which  a  very  small  quantity  of 
nrsenious  acid  had  been  purposely  added  io  .'in  organic  mixture:  —  Oil  of 
vitriol,  itself  perfectly  free  from  arsenic,  is  mixed  Willi  lite  suspected 
liquid,  in  the  proportion  of  shout,  a  measured  ounce  to  a  pint,  having  been 
previously  diluted  with  a  little  walov,  and  the  whole  is  boiled  in  a  flask  for 
half  an  hour,  or  until  a  complete  separation  of  solid  and  liquid  matter 
becomes  manifest.  The  acid  converts  any  starch  thai  may  be  present  into 
dextrin  and  sugar:  it  comple.L.cly  eoa -.-.Mates  albuminous  substances,  and 
casein,  in  the  case  oi"  milk,  and  brings  the  whole  in  a,  very  short  time  into 
a  state  in  which  filf.rat.ion  is  both  easy  and  rapid.  Through  the  filtered 
solution,  when  cold,  a  current  of  hydrogen  sulphide  is  transmitted,  and  the 
liquid  is  warmed,  to  facilitate  the  deposition  of  the  arsenious  sulphide, 
which  falls  iu  combination  with  a  large  quantity  of  organic  matter,  which 
often  communicates  to  it  a  dirty  color.  This  is  collected  upon  a  small  filter, 
and  washed.  It  is  next  irausfei-rcd  to  a  capsule,  sod  heated  with  n  mix- 
ture of  nitric  and  hydrochloric  acids,  by  which  the  in-panic  impurities  arc 
in  great  measure  cltsiroyeil,  and  the  arsenic  oxidized  in  arsenic  acid.  The 
solution  is  evaporated  to  dryness,  the  soluble,  part  taken  up  by  dilute  hy- 
drochloric aeid,  and  then  the  solution  saturated  with  sulphurous  acid, 
whereby  the  arsenic  acid  is  reduced  to  ihc  stale  of  arsenious  acid,  the  sul- 
phurous being  oxidized  to  sulphuric  acid.  The  solution  of  arsenious  acid 
may  now  be  pi-eci|, bated  by  hydrogen  sulphide  nil  bout,  any  dilhculty.  The 
liquid  is  warmed,  and  the  precipitate  washed  by  decantation,  and  dried. 
It  is  then  mixed  with  black  fiur-,  and  heated  in  a  small  glass  tube,  similar  to 
that  already  described,  with  similar  precautions;  a  rhig  of  reduced  arsenic 
is  obtained,  which  may  be  oxidized  to  arsenious  oxide,  and  further  ex- 
amined. The  black  flux  is  a  mixture  of  potassium  carbonate  and  charcoal, 
obtained  by  calcining  cream  of  tartar  in  a  close  crucible  ;  the  alkali  trans- 
forms the  sulphide  into  arsenious  acid,  the  charcoal  subsequently  effecting 
the  deoxidation.  A  mixture  of  anhydrous  sodium  carbonate  and  charcoal 
may  be  substituted  with  advantage  for  I  he  common  black  flux,  as  it  is  less 
hygroscopic. 

Other  methods  of  proceeding,  different  in  principle  from  the  foregoing, 
have  been  proposed,  as  that  of  the  late  Mr.  Marsh,  which  is  exceedingly 
delicate.  The  suspected  liquid  is  acidulated  with  sulphuric  acid,  and 
placed  in  contact  with  metallic  zinn:  the  hydrogen  reduces  the  arsenious 
acid  and  combines  with  Ihc  arsenic,  if  any  be  present.  The  gas  is  burned 
at.  a  jet,  and  a  piece  of  glass  or  porcelain  held  in  Ihc  flame,  when  any  ad- 
mixture of  arstnetiod  hydro-gen  is  at.  once  known  by  the  production  of  a 
brilliant  black  metallic  spot,  of  reduced  arsenic  on  the  porcelain;  or  the 
gas  is  passed  through  a  glass  tube  heated  at  one  or  (wo  places  to  redness, 
whereby  the  arson  et  ted  hydrogen  is.  decomposed,  a.  ring  of  metallic  arsenic 
appearing  behind  ihc  heated  oio-iiou  of  the  tube. 

It  has  been  observed  (page  Pl'.ij  thai,  atiliiuoncitod  hydrogen  gives  a 
similar  result.  Iu  order  to  distinguish  the.  two  substances,  the  gas  may  be 
passed  into  a  solution  of  silver  nitrate.      15oeIi   gases  give  rise  to  a  black 
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precipitate,  which,  in  Lhe  ease  of  amlm  on  cited  hydrogen,  c.  on  sis  ts  of  silver 
anlimonide,  AgjSti,  whilst,  in  the  case  of  jr. rson cited  hydrogen,  it  is  pure 
silver,  the  arsenic  being  tlitsii  converted  imo  arsenious  acid,  which  Com- 
bines with  a  portion  ol"  silver  oxide.  The  silver  arsenate  remains  dissolved 
in  the  nitric  acid  which  is  liberal  rat  by  the  precipitation  of  the  silver,  and 
may  be  thrown  down  with  its  characteristic  yellow 
color  by  adding  an  mien  in  ro  the  liquid  filtered  off  from 
the  black  precipitate.  The  black  silver  anlimonide, 
when  carefully  washed,  and  subsequently  boiled  with 
a  solution  of  tartaric  acid,  yields  a  solution  containing 
antimony  only,  [mm  which  hyd vogcd  sulphide  sepa- 
rates Hie  charitcl  erisi  ie  orange-yellow  precipitate  of  an- 
l.imonious  sulphide. 

A  convenient  form  of  Marsh's  instrument  is  that 
shown  in  fig,  1.75  :  it  consists  of  a  be.ul  tube,  bavins:  fv.  o 
bulbs  blown  upon  it,  titled  with  a  stop-cock  and  nar- 
row jet.  Slips  of  zinc  are  put  into  the  lower  bulb, 
which  ia  afterwards  tilled  with  the  liquid  to  bo  ex- 
amined. On  replacing  the  stop-cock,  closed,  the  gas 
collects  and  forces  the  liquid  into  the  upper  bulb, 
which  then  acts  by  its.  hydrostatic  pressure,  and  ex- 
pels i':i:  gas  through  i  bejel  -o  soim  as  the  slop-cook  is 
opened.  It  must  be  borne  in  mind  that  both  common 
zinc  and  sulphuric  ncid  ofien  ennt.nin  traces  of  arsenic. 
Mr.  Bloxam  -  lias  proposed  an  impoviaul  min.liti cation 

of  Marsh's  process  for  the  detection  of  arsenic  and  antimony  in  organic 
substances,  which  is  based  en  the  behaviur  of  solutions  of  these  metals 
under  the  influence  of  I  he  electric  current,.  Antimony  is  deposited  in  the 
metallic  state,  with  out  any  disengagement  of  aniimnneticd  hydrogen,  while 
arsenic  is  evolved  as  nrscnet.tod  hydrogen,  which  niny  be  recognized  by  the 
characters  ali-ciidy  indicated. 

A  slip  of  copper-foil  boiled  in  the  polsuued  liquid,  previously  acidulated 
with  hydrochloric  acid,  withdraws  the  arsenic,  anil  liceomcs  covered  with 
a  white  alloy.  By  h entitle:  flie  nictai  in  a  glass  tuiie.  the  arsenic  is  expelled, 
atat  oxidized  lo  ui.scnioos  acid,      'this  is  cabed  Itcitisch's  teat. 


BISMUTH. 
Atomic  weight,  210.      Symbol,  Bi. 

Bismuth  is  found  chiefly  in  the  metallic  stale,  disseminated  Ihroujrli 
Various  rooks,  from  which  jr.  is  sopacatcii  by  simple  exposure  to  heat.  The 
metal  is  highly  crystalline  and  very  bridle:  it  has  a  roddish-white  color, 
and  a  density  of  y-'J.  Crystals  of  greav  beauty  may  be  obtained  by  slowly 
cooling  a  considerable  mass  of  this  substance  until  solidification  has  com- 
menced, then  piercing  the  crusi,  and  pouring  out  the  fluid  residue.  Bis- 
muth melts  at  about  ^ti!}°  (.:.  (500"  V. ),  and  volatilises  at  a  high  temperature. 
If.  is  remarkable  as  being  file  most  dianuienotic  of  all  known  bodies.  It  is 
litilc  oxidized  by  the  nir,  bul.  burns  when  sinmgly  boated  with  a  bluish 
flame.      Nitric  acid,  soraewbnt  diluted,  dissolves  it.  freely. 

Bismuth  forms  three  classes  of  compounds,  in  which  it  is  bi-.  tri-,  and 
quinquivalent  respectively.  The  tri-oom pounds  are  the  most  stable  and 
the  most  numerous.  The  only  known  compounds  in  which  bismuth  is  quin- 
quivalent are  indeed  I  he  pentoxide,  i-ii.,0,,,  together  with  the  corresponding 
acid  and  metallic  salts.     Neverlheless.  bismuth  is  rceariled  as  a  pentad,  on 
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account  of  the  analogy  of  its  compound  wilh  those  of  .antimony.  Several 
bismuth  compounds  are  known  in  which  the  metal  it  apparently  bivalent, 
but  really  trivalent,  as  ; 

Bi"CL  Bi"0 

BLCL,  or   I  ;     Bi.O-  or    I       ,  &c. 

Bi"Cl3  Bi"0 

Chlorides.  —  The  h-iclhriih-.  or  ya^muf/i'ins  ei'lori'!-:  is  formed  when  bis- 
muth is  heated  in  a  current,  of  chlorine  gas,  and  passes  over  as  a  white, 
easily  fusible  substance,  which  readily  attracts  moisture  from  tlie  air,  and 
is  converted  into  a  crystallized  hydrate.  The  same  substance  is  produced 
when  bismuth  is  dissolved  in  mivonn.iriiU.ie  acid,  and  the  solution  evapo- 
rated. Bismullions  chloride  dissolves  in  vvu.tec  containing  hydrochloric 
acid,  but  is  decomposed  by  pure  water,  yielding  a  while  precipitate  of  oxy- 
chloride : 

BiCla  +  OH,  =  BiCIO  +  2HC1. 

The  dickloride,  Bi.,01r  produced  by  heating   ilie  trichloride  with  metallic 

bismuth,  is  a  brown,  cr>staL:ino,  easily  fusible   mass,   readily  decomposed 

by  water.      At  a   high    temperature  it  is  resolved  into  the  trichloride  and 

meiallic  bismuth. 

Oxides.  — The  trhn-i'lc,  or  tii-mmljiom;  oxide,  is  a  straw-yellow  powder,  ob- 
tained by  gently  igniting  the  neulral  or  basic  nitrate.  It  is  fusible  at  a 
high  temperature,  and  in  that  state  acta  towards  siliceous  matter  as  a 
powerful  flux. 

The  hydrate,  Bi'"JIO,.  or  Bi,03 ,  Oil,,  is  obtained  as  a  white  precipitate 
when  a  solution  of  Iiie  uitvale'is  decomposed  by  an  alkali.  Both  the  hy- 
drate and  the  anhydrous  oxide  dissolve  in  the  stronger  acids,  forming  the 
bismuthous  salts,  which  have  (he  composition  Hi"-'!!.,,  where  R  denotes  an 
acid  radical,  c.  ,,.,  Jii"'Cl3,  Hi '■'•';  is' Os:3,  ^i"V^°i!.v '  '^any  of  these  salts 
crystallize  well,  but.  cannot,  exist  in  soluiitin  unless  an  excess  of  acid  is 
present.  On  diluting  the  solutions  with  water,  a  basic  salt  is  precipitated, 
and  an  acid  salt  remains  in  solution. 

The  normal  mtrat,;  lii'"(NO;i')3 .  5Uif.„  ov  Ei/V, ,  Sr.  305 . 1(I0HS,  forms  large 
transparent  colorless  crystals,  which  arc  deeoiu  posed  hy  wuiev  in  the  man- 
ner just  mentioned,  yielding  an  aeid  solution  containing  a  little  bismuth, 
and  a  brilliant  white  crystalline  powi.lcc,  which  varies  to  a  certain  extent 
m  composition  according  to  !  lie  tempera rure  nun  the  quantity  of  water  em- 
ployed, but  frequonilv  consists  of  a  basic  nitrate,  lii  ,Oa.  N,05.  20Hr  or 
Bi"'{N03)j.Bi,Os,:it)l.l,  A  solution  of  bismuth  nitrate,  free  from  any 
great  excess  of  acid,  poured  into  a  large  quantity  of  eold  water,  yields  an 
insoluble  basic  nit-rale,  very  s.iniilav  in  appearance  to  iho  above,  but  con- 
taining rather  a  lavge  proportion  of  bismuth  oxide.  This  basic  nitrate  was 
once  extensively  employed  as  a  cosmetic,  but  if  is  said  to  injure  the  skin, 
rendering  ii  yellow  and  leatlior-like.      It  is  used  in  medicine. 

JiimtiMk  pentoutle.,  or  JlifnmiiJe  ly.del::.  —  Wlnui  bismuth  Irioxide  is  sus- 
pended in  a  strong  solution  of  potash,  and  chlorine  passed  through 
the  liquid,  decomposition  of  water  ensues,  hydrochloric  acid  being  formed, 
and  the  Irioxide  being  converted  into  the  pontoxlde.  To  separate  any 
trioxidc  that  may  huve  escaped  oxidation,  the  powder  is  treated  with 
dilute  nitric  acid,  when  the  hismnt.hic  oxide  is  left  as  a  reddish  powder, 
which  is  insoluble  in  water.  This  substance  combines  with  bases,  but  the 
compounds  are  not  very  well  known.  According  to  Arppe,  there  is  an  acid 
potassium  bismuthate  containing  Bi2KII06,  or  2Bi,06.  /  jf*Q.  The  pentoxida 
when  heated  loses  oxygen,  an  in  termed  tare  oxide,  Wi,04,  being  formed, 
which  maybe  considered  as  OismmAons  t,i;-.,iiuti:i:tc,  2Ri,04  ~-  Bi303.Bi306. 
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Bismuth  is  sufficiently  charaoieviicd  liy  the  decern position  of  His  nitrate 
and  chloride  and  by  water,  and  by  tin;  b'acli  precipitate  of  bismuth  sulphide, 
insoluble  ill  ammonium  sulphide,  which  its  solutions  yield  when  exposed  to 
the  action  of  hydrogen  sulphide. 

A  mixture  of  8  parts  of  bismuth,  0  parts  of  lead,  and  3  of  tin,  is  known 
under  the  name  of fuailJe  win/,  and  is  employed  in  raking  impressions  from 
dies  and  for  other  purposes  :   it  mulls  below  100°C. 

Bismuth  is  used,  in  conjunction  with  antimony,  in  the  construe  lion  of 
thermo-electric  piles,  these  two  metals  i-u  ji  1 1  i :  i  ;■;  the  opposite  extremes  of  the 
Ihernio-c'-cctric  Series. 


Atomic  weight,  ill -2.      Symbol,  V. 

VaNA1>itim  is  four, i.l,  in  small  ipiantitv,  in  some  iron  ores,  and  also  as  vana- 
date of  had.  It  Ills,  also  boon  discovered  in  the  iron  slag  of  Staffordshire, 
and  recently,  by  Roscoe."  in  birder  i.jhh utity  it)  thii  copper-bearing  beds  lit 
Alderlej  Edge  and  Motlntm  St.  Andrews,  in  Cheshire.  Metallic  vanadium 
remains  when  vanadium  nit  ride  is  Itemed  id  w idleness  in  ammonia  gas,  but 
it  does  not  appear  to  have  been  obtained  pure.  It  is  described  us  a  white, 
brittle  substance,  having  a  strong  lustre,  and  very  refractory  in  the  fire. 

Vanadium  was,  liii  lately,  regarded  :is  a  he.xad  metal,  analogous  to  lang- 
sten  and  molybdenum  ;  but  Ituseoe  lias  shown  tbat.  it  is  a  pentad,  belonging 
to  the  phosphorus  and  arsenic  group.  This  conclusion  is  based  upon  the 
composition  of  the  nxides  iind  iny  chlorides  ;  and  on  the  isomorphism  of  tlie 
vanadates  with  the  phosphates.  Tito  chlorides,  and  other  compounds  of 
vanadium  with  monad  chlorous  elements,  have  not  yv.l  been  obtained. 

Vanadium  Oxibks.  —  Vanadium  forms  four  oxides,  represented  by  the 
formula:,  Vfiit  V203,  V,04,  V.,0.,  analogous  ilierefore  io  lite  oxides  of  nitro- 
gen, excepting  that  lilt:  vanadium  oxide  analogous  to  nitrogen  monoxide  is 
not  yet  known. 

The  dioxide,  V.,Os,  which  wits  regarded  by  T.er/elius  as  metallic  vanadium, 
is  obtained  by  reducing  eii  her  of  the  higher  oxides  with  potassium,  or  by 
passing  the  vapor  of  vanadium  oxyt  t-ie- 1  deride,  j  VtH'ijj.  mixed  with  excess 
of  hydrogen,  through  a  combustion-lube  c  ordaining  red-hot  charcoal.  As 
obtained  by  the  second  process,  il  i'u.ms  a  light-gray  faltering  powder,  or 
a  metallically  lustrous  crystalline  crust,  having  a  specific  gravity  of  f>,(.i+, 
brittle,  very  difficult  to  fuse,  and  a  conductor  of  electricity.  When  heated 
to  redness  in  the  air.  it  takes  iire  and  bums  Io  black  oxide.  It  is  insoluble 
in  sulphuric,  hydrochloric,  ami  hydrofluoric,  acid,  but  dissolves  easily  in 
nitroniuriatic  acid,  forming  a  dark-blue  liquid. 

The  dioxide  may  be  pro  pared  in  sobu  ion  by  the  actum  of  nascent  hydro- 
gen (evolved  by  metallic  nine,  cadmium,  or  sodium- amalgam),  on  a  solution 
of  vanadic  acid  in  sulphuric  acid.  After  passing  through  all  shades  of  blue 
and  green,  the  liijuid  acquires  a  permanent.  lavender  Lint,  and  then  contains 
the  vanadium  in  solution  as  dioxide,  or  as  hijpo-ratfi'Roit*  salt.  This  com- 
pound absorbs  oiyg^n  more  rapidly  than  any  other  known  agent,  and 
bleaches  indigo  ami  other  vcgei/iblc  colors  as  iiuiekly  as  chlorine. 

Vanadium  dioxide  may  be  regarded  as  entering  info  many  vanadium 
compounds,  as  a.  tiiva.leul.  radical  i.iust  lilte.  ura.nyl  in  the  urani.e  compounds), 
and  may  therefore  be  called  vanadi/l. 

Vanadium  trioxidi:,  Ys03,  or    Vmmdijl  wnom  .<:<''/..■,    \  V,(l!),''0,  is  obtained  by 
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igniting  the  pcnloxldo  in  hydrogen  gas,  or  in  a  crucible  lined  with  char- 
coal. It  is  a  black  powder,  with  an  almost  metallic  lustre,  and  infusible; 
by  pressure  it  may  he  united  into  a  coherent  mass  which  conducts  elec- 
tricity. When  exposed  warm  to  the  air,  it.  glows,  absorbs  oxygen,  and  is 
converted  into  pentoxide.  At  ordinary  temperatures,  it  slowly  absorbs 
oxygen,  and  is  converted  iniu  letvoiine.  .Hy  ignition  in  chlorine  gas  it  is 
converted  into  vanadyl- 1  rioaloride  ar.d  vamMtiuiu-pcuiOiide.  It  is  insoluble 
in  acids,  but  nviy  be.  obtained  .:;t  solni  ion  by  the  reducing  action  of  nascent 
hydrogen  (evolved  from  metallic  magnesium)  on  a  solution  of  vanadic  acid 
in  mii] iiKiii-ie  acid. 

Vanadioua  oxide,  Vatiutlioji,  let, oxide,  or  Voiftil/tl  tlioriil, ,  V„04  =  (Vs0j)0r — 
This  oxide  is  produced,  cir.her  by  the  oxuialion  ol  the  dioxide  or  Irioxide, 
or  by  the  partial  reduction  of  the  pentoxide.  lly  allowing  the  trioxide  to 
absorb  oxygen  at.  ordinary  tempers i  ores,  the  lo.trov.ide  is;  obtained  in  blue 
shining  crystals.  It,  dissolve.-;  in  adds,  the  more  easily  in  proportion  as  it 
has  been  less  strongly  ignited,  forming  stiUsi  imis  of  i-o-iotdMiis  salt?,  which 
have  a  bright  blue  color.  The  same  solutions  are  produced  by  the  action 
of  moderate  reducing  agents,  such  as  sulphurous,  sulpb-hydric,  or  oxalic 
acid,  upon  vanadic  acid  in  solution  ;  a  [so  by  passing  air  through  acid  solu- 
tions of  the  dioxide  till  a  permanent  blue  color  is  attained.  With  the  hydrates 
and  normal  earbonnU-s  of  the.  ji.ad  td.ki.ti  teg,  r.iscy  form  a  grayish- white  precipi- 
tate of  liydrated  vanadious  oxide,  which  dissolves  in  a  moderate  excess  of 
the  reagent,  but  is  reprcoipiiatcd  by  a  large  execs-  in  the  form  of  a  vanadite 
of  the  alkali-metal. 

Ammonia  in  excess  produces  a  brown  procipbalo,  soluble  in  pure  water, 
but  insoluble  in  water  contain::;.'  ammonia.  — AmtHoiumn  sulphide  forms  a 
black-brown  precipitate,  soluble  in  excess.  —  TiucOtr,  of  iialh  forms  a  finely 
divided  black  preeipitalo.  which  gives  to  the  liquid  the  appearance  of  ink. 

Vauadium-tetroxi'lo  also  unites  with  the  more  basic  metallic  oxides, form- 
ing salts  called  i-.nniiditi-x,  at!  of  which  are  iusnloi.de,  except,  those  of  the 
alkali-metals.  The  relations  of  the  alkaline,  vauaditos  are  brown,  but  when 
treated  with  hydrogen  s'dphtde,  they  acquire  a  .splendid  red-purple  color, 
arising  from  the  formation  of  a  sulphur-sill.  —  Aeids  color  them  blue,  by 
forming  a  double  vanadioua  sait. ;  tincturr  ofr/aU.-i  colors  I  hem  blackish -blue. 
The  insoluble  vaniidii.es.  when  moistened  or  covered  with  water,  become 
green,  and  are  converted  into  vanadates. 

Vanadium  pento-ifde,  VomttUe.  oxide,  or  Ymuiilyl  Irioe/ide.  V30s  =  (V"a0,)03. 
This  is  the  highest,  oxide  of  vanadium,  li.  may  be  prepared  from  native 
lead  vanadate.  This  mineral  is  dissolved  in  nitric  acid,  and  the  lead  and 
arsenic  arc  jji-fci jjirui dii  by  hydrogen  sulphide,  which  at-  the  same  time  re- 
daces  the  vanadium  pentoxide  1o  led  re*  ide.  The  blue  filtered  sol  niton  is 
then  evaporated  to  dryness,  and  Ihe  residue  digesttal  in  ammonia,  which 
dissolves  out  the  vanadic  oxide  reproduced  during  evaporation.  In  this 
solution  .1  lump  of  sal  aiuiiioo.iao  is  put :  as  that,  salt  dissolves,  ammonium 
vanadate  subsides  as  a  white  powder,  being  scarcely  soluble  in  a  saturated 
solution  of  ammonium  chloride,  lly  exposure  to  a  le.mperature  below  red- 
ness in  an  open  crucible,  the  ammnnin  is  expelled,  and.  vanadic  oxide  left. 
By  a  similar  process.  Kosco  has  prepared  va-midio  oxide,  from  a  lime  precip- 
itate containing  ".  per  cenl.  of  vana.diuin,  obtained  in  working  up  a  poor 
cobalt  ore.  from  Mottram  in  Cheshire. 

Vanadium-  pentoxide  has  a  veddish-yellow  color,  and  dissolves  in  1000 
parts  of  water,  forming  a  light  yellow  solution.  It  dissolves  also  in  the 
stronger  acids,  forming  red  or  yellow  solutions,  some  of  which  yield  crys- 
talline compounds  (vanadic  sails)  by  spontaneous  evaporation.  It  unites, 
however,  witli  bases  more  readily  than  with  aetiis,  forming  sails  called  vttt-.t- 
deiUs.  When  fused  with  alkali  no  carbonates,  it  eliminates  3  molecules  of  car- 
bon dioxide,  forming  orihneotuidiites  analogous  to  the  or ihop'Josp hates  j   thus  : 
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3(C0S .  Na20)      4-      Vj05      =      V,0B .  SNa.,0      4-      8C0,. 
Sodium  car-  Vanadio  Sodium  ortlio-  Carbon 

bonate.  oxide.  vanadate.  dioxide. 

It  also  forms  mj-Jnvmmdnitv.    analogous  to  I  lie  niciaphosphates,  and 
series  of  acid  vanadates  or  anhyttrovanadaiet,  vis.: 

Lead  orthoranadate     .     (VO.),Pb"a  or   Y.O, .  3Pb"0 

Strontium  metnvanadate  (V'l.  i.,Sv"  or    VjOs  .     Sr"0 


vanadate       (V03),Wv"  .    Va()r  or  3V,05  .    Sr"0 
Strontium  trivanadate      (VOj^Sr"  .  2Val)s  or  3V,Os  .    Sr"0. 

Load  mctavanadate  occurs  native  as  dc-.hatitc;  the  orihovanndate  also, 
combined  with  lead  chloride,  as  vmiadinite  or  vansditi,  PbCls.  8(V04),Pbj, 
the  mineral  in  which  vanadium  was  first,  discovered.  Dasel-oimte  is  a  dU 
plumbic  vanadate,  V„0,l'b".,  or  V"s03.  2J'I>0,  analogous  in  composition  to  a 
pyrophosphate. 

The metavanadates  arc.  umslly  yellow  ;  some  of  Ihem,  however,  especially 
those  of  tho  alkaline  earl  h-mci.i'.s,  ami  of  nine,  Ciidininiii,  and  lead,  are  con- 
verted by  warming-  -either  in  the  soli'l  st.a.te,  or  under  wafer,  or  in  aque- 
ous solution,  especially  ■"  presents  of  a  free  alkali  or  alkaline  carhonate — 
into  isomeric  colorless  salts.  The  same  IraiLsfe-nnaiion' takes  place  also, 
though  more  slowly,  sit.  ordinsivy  lorri|.o.raturcs.  The  1110tav1n1adat.es  Of  al- 
kali-metal are  eolorluss.  The  nfid  vaiuidiiscs  arc  yellow,  or  yellowish-red, 
both  in  the  solid  suite  ami  in  solid  ion  :  hence  tho  solution  of  a  neutral  vana- 
date becomes  yo.U<uvish-i\vl  on  .idilitiun  of  an  acid.  'The  iiielavsinadar.es  of 
ammonium,  the  alkali -metals,  barium,  and  lead,  are  but  sparingly  soluble 
in  water;  the  other  uiotavnnadates  are  more  soluble.  The  alkaline  vana- 
dates are  moro  soluble  in  pure  wafer  than  in  water  containing  free  alkali 
or  salt.:  hence  they  tire  precipitated  front  their  solulions  by  addition  of 
alkali  in  excess,  or  of  salts.  The  vanadates  are  insoluble  in  alcohol.  Tha 
aqueous  solutions  of  vanadates  form  yellow  precipitates  with  antimony,  cop- 
per, lead,  and  mercury  salts  :  wlf.ii  tin?f>ire-  nf  r/nil-i,  the}  form  a  deep  bl auk 
liquid,  which  has  been  proposed  for  use  as  vanadium  ink. 

Hydro,}?)!,  sulphide  reduces  them  to  vatiadites,  changing  the  color  from  red 
or  yellow  to  blue,  and  form  ire:  a  precipitate  of  sulphur.  Ammonium  suljihid-: 
colors  the  solutions  In'own-red.  and,  on  adding  an  acid,  a  light-brown  pre- 
cipitate is  formed  consisting  of  vana.dic  sulphide  mixed  with  sulphur,  the 
liquid  at  the  same  time  fuming  blue,  lliidroeidune.  ue.id  decomposes  the 
vanadates,  with  evolution  of  chlorine  and  formatioti  of  vanadium  luti-oxide. 

Vanadium  Oxv(iui.oii.ini:s.  or  Vaxahyt,  Chlorides. —Four  of  these  corn- 
pounds  are  known,  vb..,  V'OCl,,  VOCls,  V001,  and  MflfX 

The  ozytrichlmidc.  Y(j"(J]a  ji'ormerly  rcgarde<t  as  vanadium  trichloride), 
is  prepared : 

(1 )  By  the  action  of  chlorine  on  the  ti'ioxide : 

3V,,Oa        +         01„        =        V,0,        +        4V0C13. 

(2)  By  burning  flits  dioxide  in  chlorine  gas,  nr  by  passing  that  gas  over  an 
ignited  mixture  of  the  tri  oxide,  tetroxbie,  or  pent  oxide,  and  condensing  tho 
■vapors  in  a  cooled  U-tubo. 

Vanadium  oxy trichloride,  or  viitiad',  1  t  richloi-ide,  is  a  "oblcti-yellow liquid, 
of  specific  gravity  1  -&41  at  M-o°  C.  (58°  !''.').  Boiling  point,  127°  C.  (260° 
F.).  "Vapor-density,  by  experiment.  6IO<;  by  ein'oulation,  6-119.  When 
exposed  to  the  air,  it.  emits  einnalnir-cnh-irei.1  vapors,  being  resolved  by  the 
moisture  of  the  air  imo  iiydnicldovie  and  vaaiailie  acids.  II  oxidizes  mag- 
nesium and  sodium.  Its  vapor,  passed  over  perfectly  pure  carbon  at,  a  red 
heat,  yields  carbon  dioxide;  and  when  passed,  '.ogether  with  hydrogen, 
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through  a  red-hot  tube,  yields  vanadium  trioxide.     These  reactions  show 
that  the  compound  contains  oxygen. 

The. other  oxychloridos  of  vanadium  are  solid  bodies  obtained  by  partial 

reduction  ol'  tin:  oxytrichlorhlc  ivit.li  /.iiiij  or  hydrogen. 

Vanadium  SoTPiinws.  — ■  Two  of  these  compounds  are  known,  analogous 
to  the  tetroxide  ami  pent-oxide ;  bolli  are  sulphur  an  ids.  'She  ietriisvljihide, 
or  VtfM«(&oMs  sulphide,  V2t>,,  is  a  black  substance  formed  by  heating  the 
tetroxide  to  redness  in  a  stream  of  hydrogen  sulphide;  also  as  a  hydrate 
by  dissolving  a  vanadious.  sail  in  excess  uf  an  alkaline  iiionusulphide.  and 
precipitating  with  hydrochloric  acid,  The  j'';ir!:i.<ii/ji/i.'(/ii,  or  Vanadic  ml- 
phide,  V2S6,  is  formed  in  like  manner  by  precipitation  from  an  alkaline 
"vanadate. 

Vanadium  Nitkides. — The  numcrrUrid?.,  VS,  is  formed  by  heating  the 
compound  of  vanadium  axyi.ridilur'i'le  wiiSi  ammonium  chloride  to  white- 
ness in  a  current  of  ammonia,  gas.  T:  is  :i  greenish-w  hi  to  powder  unalter- 
able in  tbe  air.  The  dinitridr.,  VS.,,  or  V.Xi-  is  obtained  by  exposing  the 
samo  double  sail  in  ammonia  gas  to  11,  meliorate  heat.  It.  is  n  blaok  powder 
strongly  acted  upon  by  nitric  aeid.  These  compound.-:  arc  of  importance, 
as  they  promise  to  yield  melallic  varuo.liui:!,  ami  thence  also  the  chlorides, 
bromide^.  &(:.,  of  that  metal. 

All  vanadium  compounds,  lu'iited  wirli  borax  or  phosphorus-salt  in  the 
outer  blow-pipe  flume  produce  a  clear  bead,  which  is  colorless  if  (.lie 
quantity  of  vanadium  is  small,  yellow  when  ii  is  hi  rye  ;  in  the  inner  flame 
the  bead  acquires  a  beautiful  green  color. 

Vanadie  and  chnnnic  acids  a.ve  the  only  acids  whose  solutions  are  red: 
they  aro  distinguished  i'rom  one  another  by  the  vanadie  aeid  becoming  blue, 
and  the  chromic  aeid  green,  by  deoxidation. 

When  a  solution  of  vamidic  acid,  or  an  acidulated  soluiion  of  an  alkaline 
vanai.iale.  is  siml.cn  up  with  other  containing  hydrogen  diiiside,  the  aqueous 
solution  acquires  a  red  color,  like  that,  of  ferric  acelalc,  while  the  ether 
remains  colorless.  This  reaction  will  serve  In  delect-  the  presence  of  I  part 
of  vanadic  acid  in  -lil.l.H.ii.i  par  Is  of  liipiid.  The  othe-r  reactions  of  vanadium 
in  solution  have  alroaay  been  described. 


TANTALUM. 
Atomic  weight.  182.  Symbol,  Ta. 
This  melalivas  discovered,  in.  WW,  by  Ekeberg,  in  two  Swedish  minerals, 
tantalite  and  y  ttro  tan  ta  lite.  A  very  similar  metal,  cUitmbitm,  had  been 
discovered  in  the  preceding  year  by  llatehetr,  in  cohimbitc  from  Massachu- 
setts; and  Wollaslon,  in  1S07,  on  cnnpisring  the-  compounds  of  these  metals, 
concluded  that  they  were  idomical,  a.n  opinion  which  was  fur  many  years 
received  as  correct;  but  (.heir  separate  idculity  has  been  completely  estab- 
lished by  the. research os  uf  It.  Hose  (commenced  in  1S4m},  who  gave  to  the 
metal  from  the  American  and  Bavarian  cohimbites,  the  name  Niobiliih,  by 
which  it  is  now  universally  known.  More  recently,  Marignac  has  shown 
that  nearly  all  lanialites  and  cobimbil  es  contain  bolli  tantalum  and  niobium 
(or  oolnmbium),  some  taulalafes,  from  Kimito,  in  Finland,  being,  how- 
ever, free  from  niooium.  and  some  of  (lie  Greenland  culumhites  coulaining 
only  the  latter  nielal  unmixed  with  tantalum.  In  all  these  minerals  tan- 
talum exists  as  a  tunUlale  of  iron  and  manganese ;  yltrolanialite  is  essen- 
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a,  containing  also  uranium,  calcium,  iron,  and 
also  contained  in  some  vurieiics  of  wolfram. 

,,,.,.,...   ,., ned  by  heating  the  tluoiantalate  of  potassium 

or  sodium  with  metallic  sodium  in  a  well -covered  iron  crucible,  and 
washing  out  the  soluble  suits  with  water,  ii  is  a  black  powder,  which, 
when  heated  ill  the  air,  bums  with  a  bright  light,  and  is  converted,  though 
with  difficulty,  into  tantalic  oxide.  It  ij  no!  attacked  by  sulphuric,  hydro- 
chloric, nitric,  or  even  nitro muriatic  acid.  It  dissolves  slowly  in  warm 
aqueous  hydrofluoric  acid,  with  evolution  of  hydrogen,  and  very  rapidly 
in  a  mixture  of  hydrofluoric  and  nitric  acids. 

Tantalum,  in  its  principal  compounds,  is  quinquivalent,  the  formula  of 
tantalic  chloride  being  Tail-,  thai  of  laiitalic  fluoride,  TnFs,  and  that  of 
tantalic  oxide  (whiehl  in  combination  with  bases,  forms  the  tantalatcs), 
Ta.0..  There  is  also  a  tantelouu  oxide,  said  to  have  lite  composition  TaOj, 
and  a  corresponding  sulphide,  TaSr 

Tantalic  Chloride. — TaCls  is  obtained,  as  a  yellow  sublimate,  by  ignit- 
ing an  intimate  mixture  of  tan  talk-  o\"ul«  ini'l  charcoal  in  a  stream  of 
chlorine  gas.  It.  lupins  to  volatile  at  144°  (!.  (2'Jl"  !■'.)  aud  melts  to  a 
yellow  liquid  at  221a  (.'.  (430°  1'Y]  Tin;  vapor-density  between  oW  and 
440°  (662°  and  824°  P.)  has  been  found  by  Deville  and  Troost  to  be  12-42 
referred  to  air,  or  178'!)  referral  to  hydrogen:  by  calculation,  for  the 
normal  condensation  In  two  volumes,  ii  is  lTii-75.  Tantalic  chloride  is  de- 
composed by  Witter,  yielding  hydrochloric  am!  tantalic  acids;  but  the  de- 
composition is  not  complete  even  at  the  boiling-heat. 

Tantalic  FLiioitnn'.,  Tat'.,  is  obtained  in  solution  by  treating  tantalic  hy- 
drate with  aqueous  hydrofluoric  acid,  The  solution,  mixed  with  alkaline 
fluorides,  forms  soluble  ei-vstalli/ablo  salis,  called  l:in-:uh.'/huiridea  or  ftuolan- 
talates.  The  potassium  , -ail,  TaK,!'.  or  T;i  1%.2ICI'',  cry.-ualli7.es  in  monoclinio 
prisms,  isomorphous  wii.h  (lie  corresponding  fluouiobatc. 

TANTALIC  Oxide,  Ta.,0..  is  produced  when  tantalum  hums  in  the  air,alsohy 
the  action  of  water  nn  taiLtalic  elLoridc.  aud  r:u>y  he  .separated  as  a  hydrate 
from  the  tantalatca  by  (lie  actum  of  acids,  it.  may  bo  prepared  from  lan- 
talito,  which  is  a  ratitalate  of  iron  and  umiio:aoese,  by  fusing  the  finely  pul- 
verized mineral  with  twice  its  weight,  of  potassium  hydrate,  digesting  the 
fused  mass  in  hot  water,  and  supersaturating  the  hl'crcd  solution  with  hy- 
drochloric or  nitric  acid :  hydrated  taulalie  oxide  is  then  precipitated  in 
whim  flocks,  which  may  be  purified  by  washing  with  water.* 

Anhydrous  tantalic  oxide,  obtained  by  igniting  the  hydrate  or  sulphate, 
is  a  white  powder,  varying  '"  density  'rom  "-Oiii  to  8-1H1-1,  according  to  the 
temperature  to  which  it  has  been  exposed.  Hoaiod  in  ammonia  gas  it 
yields  tantalum  nitride :  healed  wit.lt  euro  on  bisulphide,  if  is  eonverled  into 
tantalum  bisulphide.  It  is  insoluble  hi  all  acids,  and  can  be  rendered  solu- 
ble only  by  fusion  with  potassium  hydrate  or  carbonate. 

Hydraled  Tantalic  Oicidn,  or  TaiUaiic  acid,  obtained  by  precipitating  an 
aqueous  solution  of  potassium  la  ulaVilo  with  hydrochloric  acid,  is  a  snow- 
ii  niio  bulky  powder,  which  dissn'.yos  it;  hydrochloric  aim  hyiirolliusrie  acids; 
when  strongly  heated,  it  ;dows  mid  gives  off  water, 

Tantalio  oxide  unites  with,  bri-io  metallic  oxides,  forming  the  tantalatea, 
which  are  represented  by  the  formula;,  Tii,Os .  \t.,0  and  3Taa06.4M20,  the 
first  including  the  nafive  t.autabitcs.  such  as  ferrous  tantalato,  and  the 
second  certain  easily  orysiallizablc  tatiddaies  of  the  alkali-metals.  The 
tantalates  of  the  alkali-metals  are  soluble  in  water,  and  are  formed  by 
fusing  tantalic  oxide  with  caustic  alkalies:  I  hose  of  the  earth-metals  and 
heavy  iiietuls  are  insoluble,  and  are  formed  by  precipitation. 


^  of  preparation.  &eo  Walls's  Dictionary  ofGhendstry,v; 
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Tantalum  dioxide-,   or    Tanl-.ihus   oxid-c,  TaO.„  may  be  represented  by  the 
To"Oa  ' 

formula  1  ,  in  which   the  metal    is   sti".  quinquivalent.      It  is  produced 

ivos 

by  exposing  lan;ulic  oxide  to  an  intense  hcnl  in  a  crucible  1 :. :  1  i- ■  S  with  char- 
coal. It  is  a.  hard  ■.liii-L;-p:v:iy  substance,  which,  when  heated  in  the  air,  ia 
converted  into  tantalie  oxide. 

Hydrochloric,  or  s  << ';).'■  ora:  rrir),  added  in  excess  lo  a  solution  of  alkaline 
tantalate,  forms  a  precipbate  of  tantalie  acid,  which  rcuissolves  in  excess  of 
t.ho  hydrochloric,  but  nut  of  the  sulphuric  acid.  J'ahti-.Hium  ji:rr*c>/<:nid<', 
added  to  a  very  sli;rh11y  su:.iiulrin^l  solution  of  :in  alkaline  lantalalo,  forms 
a  yellow  precipitate  ;  the  ferri?-, i/un'nh,  a  wliiie  precipitate,  lufuxii.n  (i/gail* 
forms  ;l  lighi-yeTloM-  precipitate,  soluble  in  n!i<alies.  When  (anlalie  c.lih.uaiic 
is  dissolved  in  strong  sulphuric  acid,  ami  llion  ivalor  and  metallic  ianr  are 
added,  it  fine  blue   color  is  produced,  which  does  not  turn  brown,  but  soon 

Tantalie  oxide  fused  '.villi  microcosm  io  salt  in  either  hiowpipe  flame  forms 
a  clear,  colorless;  glass,  whieli  docs  not  turn  red  on  addition  of  a  ferrous 
salt.  With  lioras  it  also  forms  a  iriiM-piirait  glass,  which  may  be  rendered 
opaque  by  iuleiruptcd  blotvmg,  or  flaming. 


KIOBIXFM,  or  COLUMBIUM. 
Atomic  weight,  94.     Symbol,  Nb. 

This  metal,  disc-ovum!  in  1801  by  Hal  elicit,  in  American  columbiie,  exists 
likewise,  associated  with  tantalum,  in  oolunibiies  from  other  sources,  and 
in  most  taut al lies ;  also,  associated  wilh  yttrium,  uranium,  iron,  and  small 
quantities  of  other  metals,  in  Siberian  Saniarsbito,  urano-tantalite,  or 
ytiianhiionice  ;  also  in  j.v  luchlore.  cuxouitc,  ami  a  variety  of  pitcableio.le 
iVo.-i  rial fii-siiiilcii  in  Norway. 

The  metal,  obtained  in  iho  same  manner  as  tantalum,  is  a  black  powder, 
which  oxidizos  with  incandescence  when  healed  in  the  air.  It  dissolves  in 
hot  hydrofluoric  acid,  with  evolution    of  hydrogen,  and,  at  ordinary  tcm- 

Seratures,  in  a  mixture  of  hydrofluoric-  and  nitric  acid  ;  sb.nviy,  also,  when 
eatcd  with  strong  siilii'r.trlc  acid.  Il  is  oxidized  by  fusion  iviili  acid  potas- 
sium sulphate,  and  gradually  converted  into  potassium  niobate  by  fusion 
with  potassinru  hydrate  or  carbonate. 

Niobium  is  iiuineuivaleut,  and  :i,niis  onlv  one  class  or'  ooir.p.iunds.  minn-ly, 
a  chloride,  NbCl6;  oxide,  5I:,,06;    oxychlorido,  NbOCh,,  &o. 

NiobiC  Oxide,  Nb.,Os,  is  formed  wlien  the  metal  burns  in  the  air.  It  is 
prepared  from  eolumhit-e,  f"o-..  by  fusing  the  levigated  mineral  in  a  lilm  inn tu 
eiMciblc  wilh  G  or  8  parts  of  acid  potassium  sulphate,  removing  soluble  sabs 
by  boiling  the  fused  mass  will)  water,  digosiing  the  residue  with  ammonium 
sulphide  to  dissolve  tin  and  tungsten,  boiling  ivith  strong  hydrochloric  acid 
to  remove  iron,  uranium,  ami  or  ncr  met  a'.-,  and  finally  washing  with  water, 
Niobic  oxide  is  Thus  oblained  gouo.rally  mixed  with  tantalie  oxide,  from 
wdiieh  it  is  separated  hy  means  of  hydrogen  and  potassium  ttuorido,  HF.KF, 
which  converts  the  tarn  alum  into  sparingly  soluble  poiassium  tantofluoride, 
2KF.TaP5,  and  the  niobium  into  easily  soluble  potassium  nio  boxy  fluoride, 
■2KV  .  MtOF.-Aq. 

Niobic  oxide  is  also  produced  by  decomposing  r.iobio  chloride,  or  oxy- 
ohlori4e,  with  water  ;   when  pure  it  has  a  specific  gravity  of  4/4  to  4'5.      It 
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is  an  acid  oxide,  uniiing  with  basic  ijsiiU'5,  anil  forming  salts  colled  niobatts, 
some  of  which  ot-cnr  us  nu.ti.n-nl  minerals  :  cukimbiie,  for  example,  being  a 
ferro-oiangauous  oiobito.  The  jV(j:'-i.>«  ■■'■■■■-,,(  «.«, -v ,■.-'■■«  ■-.: l-.v ~ i ; l  1 1 L / e  readily,  and 
in  well-defined  forms.  Maritime  has  ofaame'l  the  salis  ilv.,0 .  3NbaOfi.  I6aq. 
crystallizing  in  inouoclinic  prisms  :  f?K2U.  7Xl),us  .  iiin.j.  in  pyramidal  mono- 
clinic  crystals;  SK,l) .  2.NbjOs .  l.laq.  in  rhomuoi'dal  prisms;  and  K,0, 
3Nb205.  5aq.  as  a  puivoruicii'l  precipuuto.  by  boiling  :l  solution  of  potassium 
tlioboxy-fluoride  with  potassium  Carbonate.  The  soiuum  niobates  are  crys- 
talline powders  wlsieli  doeompose  ilni-ina;  washing.  There  is  also  a  sodium 
and  potassium  niubacc,  cunfaiuiii;;  N.i.,U  .  JJi.,0  .  iiNb2Os  .  Daq. 

Niobic  Chloride,  SbOl,,  is  obtained,  together  with  the  oxychloride,  by 
heating  an  intiniate  mixture  of  niobic  oxide  ami.  charcoal  in  a  stream  of 
chlorine  gas.  It  is  yellow,  volatile,  and  easily  fusible,  lis  observed  vapor- 
density,  according  to  IKrvill.j  and  Troosl,  is  B-'i  referred  to  air,  or  J38-0 
referred  to  hydrogen  as  unity:  by  calculation  for  a  two-volume  condensa- 
tion, it  is  M  +  5-3u-o_  I35.75i  The  exyckiorjfy  KbOCl,,  is  white,  vola- 
tile, but  not  fusible  ;  its  specific  gravi'y.  referred  to  hydrogen,  is,  by  obser- 
vation, 114-06;  by  ealculation,  84  +  16  +  3  ■  35-5=  109.25,  Eutk  these 
compounds  are  eofivertcd  by  water  into  niobic  oxide. 

Niobic  Oxyfluohthh,  N1iOF3,  is  formed  by  dissolving  niobic  oxide  iu 
hydrofluoric  acid.  It.  unites  with  the  iluori'lcs  of  the  more  basic  nielala, 
forming  Halts   isoinorplious  with   the   tilanofluorides,    st, in uo fluorides,   and 

tungstoHuoridea,  1  atom  of  oxygen  iff  idesi:  salts  taking  the  place  of  2  atoms 
of  fluorine.  Marignae  has  obtained  live  potassium  uiobo.vyfiuoridos,  all 
perfectly  crystallized,  namely: 

BKF.NhOFj .  aq.,  crystallizing  in  iiiouorlinie  plates, 

SKF.NbOF,  "  cuboid  forms  (ayatcma  undetermined), 

SK.lIt'.NiiOFj  "  monoclinie  needles, 

6KF.:iNbi)l'3.  aq,  "  hexagonal  prisms, 

IK.'.fJXbOiv&io,.         •'  ti-icliuio  prisms. 

Palnssiurn  niiuo/luori'l-'.  f'K  l-'.>'bl',.  soparatos  in  -.'lining  monoclinie  nee- 
dles from  a  solution  of  the  firs, i,  of  [he  njoboxyiluoridcs  above  mentioned 
in  hydrofluoric  acid.  Ni:il)o.\v fluorides  of  aiiiiuouiiim,  sodium,  zinc,  and 
copper  have  also  been   obtained. 

The  isomorphism  of  these  sabs  with  the  stanniiilujvi'k's.,  titanofluorides, 
and  tungstofluorides.  shows  clearly  ilia!  the  existence  of  isomorphism  be- 
tween the  corresponding  compounds  of  any  two  elements,  must  not  be 
taken  as  a  decided  proof  that  those-  elements  are  of  equal  atomicity:  for 
hi  the  case  now  under  oonsideva?  ion,  ive  have  isoiiiot'pliotis  salts  formed  by 
tin  and  titanium,  which  arc  tetrads,  niobium,  which  is  a  pentad,  and  tung- 
sten, which  is  a  hexad. 

The  compounds  of  niobium  enimoi  easily  be  mistaken  for  those  of  any 
otlicr  metal  excepf  tantalum.  The  most  ehuracl  eristic  reactions  of  niobates 
and  tan:  si  a  tea  i>"itli  liquid  reagents  are  Uio  following  :  — 
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Hydrochloric  acid 
Ammonium  chloride  . 
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Niobates. 
.  White  precipitate,  i 

.   Precipitation    slow    and 


Tontalales, 
White  precipitate, 


Infusion  of  galla 


.    Orange-red  precipitate. 


NioVie  oxide,  heated  wii.ii  iiovax  In  tin;  ols'.lt  Vkuv-jiipe  flame,  forma  a 
Colorless  bead,  which,  if  tlie  oxide  is  in.  sufficient  quantity,  becomes 
Opaque  by  interrupt  oil  t.i!mviu!_'  ur  iliuuiiijr.  .Ill  in'n;rfco«iiiiu  salt  it  dissolves 
abundantly,  foruii:i^  n  cc'iivics*  l:u.':id  in  the  onto:-  iinme,  and  in  the  inner 
a  violet- colored,  or  it  the  bead  is  suluvated  with  the  oxide,  a  beautiful 
blue  head,  the  color  disappearing  in  the  outer  flam© 
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CHEOMIUM. 

Atomic  weigh/-.  Vl-o.     Symbol,  Cr, 

CHROMIUM  is  found  in  the  stale  of  osidt,  in  combination  with  iron 
oxide,  in  some  abundance  in  the  Shetland  islands,  and  elsewhere:  as 
lead ehro mate  it  constitutes  a  very  beautiful  mineral,  from  whieli  it  was 
first  obtained.  The  metal  itself  is  prepared  in  a  h. -ill'- fused  condition  by 
mixing  the  oxide  Willi  half  its  weigh!  of  charcoal-powder,  enclosing  the 
mixture  in  a  crucible  lined  with  charcoal,  and  then  subjecting  it  to  the 
v,.']","  highes!  heat  of  a  powerful  furnace. 

Deville  has  prepared  metallic  chromium  by  reducing  pure  chromium 
scsquloxide,  by  means  of  an  itisuiKc.ii.-iii  quantity  of  charcoal,  in  a  lime 
crucible.  Thus  prepared,  mciallio  chromium  is  less  fusible  than  platinum, 
and  as  hard  as  corundum.  It  is  readily  acted  upon  by  dilute  hydrochloric 
acid,  less  so  by  dilute  sulphuric  acid,  and  not  at  all  by  concentrated 
nitric  acid.  Fremy  nbiaincd  chromium  in  smalt  cubic  crystals,  by  the 
action  of  sodium  vapor  on  chromium  trichloride  at  a  red  heat.  The  crys- 
talline chromium  resists  the  acl  ion  of  concetti  rated  acids,  even  of  nitromu- 

Chromium  forms  a  hexfluoride,  (VFj,  and  a  corresponding  oxide, 
Cr"Os,  analogous  to  sulphuric  oxide  ;  also,  as  acid,  tjr04li2,  analogous  to  sul- 
phuric acid,  with  corresponding  sales,  the  ohroniates,  which  areisomorphous 
with  the  sulphate!;.  In  its  oilier  compounds,  cl  rotnium  resembles  iron,  form- 
ing the  chromic  compounds  Cr.,t'!l6.  Cli-.Oj.  &<:.,  in  which  it  is  apparently  triva- 
lent  but  really  quadrivalent,  ami  the  c  1 1  rouse  us  compounds,  CrCls,  CrO,  &c, 
in  which  it  is  bivalent. 

CllLORjnjss.  ■ — The  rliel.toriih:  or  (Utrimioit*  r.hltiriih:,  (IvClj,  is  prepared  by 
heating  the  violet-colored  trichloride,  oon;aiiiod  in  a  porcelain  or  glass 
tube,  to  redness  in  a.  current-  of  pcrk-ci'.y  dry  and  pure  hydrogen  gas  :  hy- 
drochloric acid  is  then  disengaged,  and  a-  w  hiic  foliated  mass  is  obtained, 
which  dissolves  in  water  with  great  elevation  of  temperature,  yielding  a 
bluo  solution,  which,  on  exposure  to  i  ho  air,  absorbs  o\vgcn  with  extraor- 
dinary energy,  acquiring  a  deep  green  coior,  and  passing  into  the  slate 
of  chromic  oxyehlori-lc,  Cr,Clfi.iJ,-:03.  Chromons  chloride  is  one  of  the 
most,  powerful  retluciug  or  din.-xiiii/ing  agents  known,  ]ireeipitating  calo- 
mel from  a  solution  of  mercuric  chloride,  ittstitinly  converting  In  tigs  tic  acid 
into  blue  tungsten  oiide,  and  precipitating  gold  from  a  solution  of  auric 
chloride.  It  forms,  with  ammonia,  a  sky  blue  precipitate  which  turns 
green  on  exposure  to  the  air ;  with  ami  suitiii  an-l  sal-ammoniac,  a  blue 
solution  turning  red  on  exposure  to  the  air  ;  ami  with  ammonium  sulphide, 
a  black  preeipiiatc  of  cli  rontons  sulphide. 

The  trkkbtriilii  or  Chisntnn  vJilortth ,  Cr,Cls.  is  obia.incd  in  the  anhydrous 
state  by  heating  to  redness  in  a  porcelain  lube  a  mixture  of  chromium  ses- 
quioxide  and  charcoal,  ami  passing  dry  chlorine  gas  over  it.  The  tri- 
chloride sublimes,  and  is  deposit  e-.l  in  the  coo!  parr  of  the  tube,  in  the  form 
37  *  "  437 
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of  beautiful  crystalline  [ilai.es  of  a  pa!e  violet  color.  It  is  totally  insoluble 
in  water  under  ordinary  circiimsiiuiees,  even  at  the  boiling-heat.  It  dis- 
ouWep,  however,  and  assumes  the  deep  green  livdralod  stale  in  water  con- 
taining tin  exceedingly  minute  quantity  of  ihc  iliclilocide  in  solution.  The 
hydration  is  marked  by  the  evolution  of  ninth  heal.  This  remarkable 
oftVet  must  probably  be  referred  to  tiic  class  of  actions  known  at  present 
under  the  name  of  catalysis. 

The  preen  hydratcd  chromic  chloride  is  e:;sily  formed  by  dissolving 
cliriimir  hydrate  in  hydriichin;  ie  acid,  or  by  boiling  lead  chromate,  ov  silver 
chroinate,  or  o.  soluti.jii  of  oh  iconic  m-id,  '^  iili  liY.Lr:'C  doric  acid  and  a  re- 
ducing agent,  ouch  as  alcohol,  or  sulphurous  acid,  or  even  with  hydro- 
chloric add: — 

2Cr08  +  12HC1  =  Cr,Cl8  +  60H,  +  CI,. 

The  solution  thus  obtained  exhibits  the  same  characters  as  the  chromic 
oxygen-salts.      When  evaporated  ii  leaves  a  darlt-gi'oon  syrup,  which,  when 

90H2.  The  same  solution  evaporated  in  a  taciturn  yields  green  granular 
cry  stills  containing  ( 'r,Cls.OHr 

FLUOltlDES. — The  lrljh<o;rl(.  or  Vhyr.mif  fiicritif,  Cr.,Ffi.  is  obtained  by 
treating  the  dried  sesquioxide  iviili  hydrofluoric  acid,  and  strongly  beating 
the  dried  mass,  as  a  dark-}!:  re  en  substance,  which  melts  at  a  high  tempera- 
ture, and  sublimes  when  sii'.l  more  strongly  healed,  i)t  shining  regular  oe- 
tohedrons. 

The  hcxfluoTide,  Cv¥g.  is  formed  by  d:st  i!;!ii{r  load  elironiate  with  fluorspar 
and  fuming  oil  of  vitriol  in  it  leaden  retort,  ami  condensing  the  vapors  in  a 
Cooled  and  dry  leaden  receiver.  It  then  oiiudens.es  to  a  blood-red  fuming 
liquid,  which  volatilizes  when  its  temperature  rises  a  few  degrees  higher. 
The  vapor  is  red,  and,  when  inhaled,  y:  rod  noes  violent  coughing  and  severe 
oppression  of  the  lungs.  The  hex  fluoride  is  decmuposed  by  water,  yield- 
ing hydrofluoric  and  chromic  acids.  A  fluoride,  intermediate  in  composi- 
tion between  the  two. just  described,  is  obtained  in  solution  by  decomposing 
the  brown  dioxide  by  hydrofluoric  acid.  The  solution  is  red,  and  yields  by 
evaporation  a  rose.- colored  sail,  which  is  reuissolved  without  alteration  by 
water,  and  precipitated  brown  by  a: 


xidfes  of  ir 

The  monoxide,  or  ChnniiMn  orul',  0r''O.  is  formed  on  adding  potash  to  a 
Bolution  of  chromous  chloride,  its  a  brown  precipitate,  which  speedily  passes 
to  deep  foxy-red,  with  disengagement  of  hydrogen,  being  converted  into  a 
higher  oxide.  Chromous  oxide  is  a  poweri'nl  base,  forming  pale-blue  salts, 
which  absorb  oxygen  with  extreme  aridity.  Polassio-cbromous  sulphate 
contains  (S04),-Ci-'>Ko,  lilts;  the  other  nieoiljers  of  the  same  group. 

Tric.hromic  trtfOj:idi\,  Cr^O,  —  t.'rO.Cr';U3.  is  the  active  mentioned  browni-h- 
red  precipitate  produced  l:y  the  act  ion  uf  water  upon  the  monoxide.  The 
decomposition  is  not  complete  without  boiling.  This  oxide  corresponds  with 
the  magnetic  oxide  of  iron,  mid  is  not.  salifiable. 

Scsquioxide,  or  Chromic  oxide,  l.'r„03. — When  mercurous  chromate,  pre- 
pared by  mixing  solutions  of  m  even  reus  nil  rare  and  potassium  chromate,  or 
bichromate,  is  exposed  to  a  red  heat,  it.  is  decomposed,  pure,  chromium  ses- 
quioxide,  having  a  fine  green  color,  remaining,  hi  this  slate  the  oxide  is, 
like  alumina  after  ignition,  insoluble  in  acids.  The  anhydrous  se'sqinoxide 
may  be  prepared  in  it  b caul i fully  crystalline  form  by  heating  potassium  bi- 
chromate, KaO.2Cr03,  to  lull  redness  in  an  earthen  ctucihle.      One-half  of 
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(■lie  chromium,  trioxidc  coulained  in  that  salt  then  suffers  decomposition, 
oxygen  being  disengaged  and  sest|u:o.xide  left.  The  melted  mass  is  then 
Heated  wiii)  waicr.  v.  Illi-Il  dissolves  (int.  neutral  potassium  ehi.omu.te,  and 
the  oxide  is,  lastly,  washed  ami  dried.  Chromium  ~ l ■  s ■  1 1 l L ^ i x i ■  1  i.  comniuiii.i.uiies 
a  fine  green  tint  to  glass,  and  is  used  in  enamel  painting.  The  crystalline 
sesquioxide  is  employed  in  Hie  manufacture  of  rn/ or-strops.  From  a  solu- 
tion of  chromium  se- qui  oxide  in  potash,  or  si  id  a.  si;vocn  gelatinous  hydra-ted 
sesquioxide  of  chromium  is  separated  on  slundiug.  When  finely  powdered 
and  dried  over  sulphuric  an  id.  it  consisls  of  Civ(l.g.0OI)2.  A  hydrate  may 
also  be  prepared  by  boiling  a  somewhat  dilute,  solution  of  potassium  bichro- 
mate strongly  acidulated  with  hydrochloric  acid,  with  si  a  all  successive  por- 
tions of  sugar  or  alcohol.  In  the  former  case  carbon  ilioxii.lo  escapes:  in  I  lie 
latter,  aldehyde  and  also  acetic-  anil  are  formed,  substances  with  which  we 
shall  become  acquaint  i:d  in  organic  chemisi  it  ;  and  I  lie  chromic  acid  of  the 
salt  becomes  converted  inlo  chvoiuium  i  rich  to  ride,  the  color  of  the  liquid 
changing  from  red  to  deop  green.  The  reduction  may  also  be  effected,  as 
already  observed,  by  hydrochloric  acid  alone.  A  slight  excess  of  ammonia 
precipitates  the  hydrate  from  this  solution.  It  has  a  pale  purplish -green 
color,  which  becomes  full  ;;r<'cn  or:  ignitiim:  an  extraordinary  shrinking  of 
volume  and  sudden  incandescence  arc  observe:.!  v.  hen  the  hydrate  is  decom- 
posed by  heat. 

('hrominm   sesquioxide   is   a,  feeble  base,  resembling,  and  i 
with,  iron  scsi/fiii  oxide  end  alumina  ;  ils  suits  (chromic-  salts)  have  a  groe 
purple  color,  and  are  said  to  be  poisonous.  ■ 

Chromic  tulpkalt.  (SiOJjCr.,,  is  pri-puicd  by  dissolving  the  hydrated  oxide 
in  dilute  sulphuric  aeid.  it  unites  wilh  the  sulphates  of  potassium  and 
ammonium,  giving  rise  to  magnifieicnl  double  sahs,  which  crystallize  in 
regular  octohedrons  of  a  deep  ohi  eel  -color,  and  posses-  a  constitution  re- 
sembling that  of  common  alum,  the  aluminium  i>eiu a;  replaced  by  chromium. 
The  ammonium-salt,  for  example,  has  the  composition  {$Qi).fh-'"\~8}li).Vl 
aq.  The  finest  crystals  a  re  obtained  by  spoilt  an  euus  evaporation,  Uie  solu- 
tion being  apt  lo  be  decomposed  by  heal. 

The  dioxide,  CrO;,  which  is,  perhaps,  a  cliroiuic  eliminate,  Cr03 .  Cva03, 
is  a  brown  substance  obtained  by  digest  ing  chromic  oxide  with  excess  of 
chromic  acid,  or  by  partial  rcduclion  of  chromic  acid  wiih  alcohol,  sulphur- 
ous acid,  &e. 

Chromium  TimiMiii:,  CrO,'.  ill  combination  with  water,  forming  C!:fo;ih 
acid,  CrOa.  OU,  _  Cr04U.,--,  (OCy'iOllV,  Whenever  ehromium  sesqui- 
oxide is  strongly  heated  ■■■,  ith  an  alkali,  in  contact  with  air,  oxygen  is  ab- 
sorbed and  the  trioxidc  generated.  Chromium  trioxidc  may  be  obtained 
nearly  pure,  and  in  a  .state  of  grunt  beamy,  by  mixing  100  measures  of  a 
cold  saturated  solution  of  potassium  bichromate  with  ];"i0  measures  of  oil  of 
vitriol,  and  leaving  the  whole  to  cool,  it  crystal li/.cs  in  brilliant  erimson- 
red  prisms:  the  mother-liquor  is  poured  oil',  and  the  crystals  are  placed 
upon  a  1  ilo  lo  drain,  Iming  closely  covered  by  a  glass  ov  lull -jar.*  It  is  also 
formed  by  decomposing  the  hexflunride  with  a  small  quantity  of  water. 
Chromium  trioxidc  is  voi^  deliquescent,  and  soluble  in  water:  the  solution 
is  instantly  reduced  by  contact  wiih  organic  matter. 

Chrumic  acid  is  bibasic  ami  analogous  in  composition  i0  sulphuric  aeid; 
its  salts  are  isomorphmis  wilh  the  corresponding  sulphates. 

Potassium  chromat,;  CrO^K2,  or  (Cri '!,)' -'iOK:^  —  This  salt  is  made  directly 
from  the  native  ekromjt-inni  ore,  which  is  :i  compound  of  chromium  sesqui- 
oxide and  ferrous  oxide,  analogous  (o  magnetic  iron  ore,  by  calcination  with 
nitre  or  with  potassium  carbonate,  or  with  cau.-l  ic  lime,  I  lie  ore  being  re- 
duced to  powder  ami  heated  far  a  long  lime  with  the  alkali  in  a  reverbera- 
*  Watington,  ilianeiri  of  the  Chemical  Society,  1. 18. 
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tory  furnaco.  The  product,  when  treated  with  waler,  yields  a  yellow  solu- 
tion, which,  by  evaporation,  deposits  anhydrous  crystal;  of  the  same  eolor, 
isomorphous  with  potassium  ..ailpuat  o.  I'ota^.-iiiiu  ciii-oiiiate  has  a  cool, 
bitter,  and  disagreeable  tasle.  a.ml  dissolves  in  :>,  |>!iiij  of  water  at  15-5°. 

Potassium  bichromate,  or  anlii/i/rwiiroiiiiiir,  ^('i'03.  K.,0,  or  CrO,Ka  .  CrOa.  ■ — 
When  sulphuric  acid  is  .added  to  i  1 1 1_-  preceding  suit,  in  moderate  quantity, 
one  half  of  tlie  base  is  removed,  ami  the  neutral  eliminate  converted  into 
bichromate.  The  new  sa.h.  of  which  immcn.se  ipiaritii  ies  are  m an ufac hired 
for  use  in  the  arts,  crystallizes  by  slow  evaporation  in  beautiful  red  tabular 
Crystals,  derived  from  a  prism.  It.  melts  when  bailed,  and  is  soluble  in  10 
parts  of  wafer:    ill"  solution  has  iin  m-id  reaction. 

Potassium  trickrmiur!i:,H  >(.),, .  K.,0,  or  (WI(K„.  l!CrO;;.  may  be  obtained  in 
crystals  by  dissolving  the  bichromate  in  an  aipieons  solution  of  chromic  acid, 
and  allowing  it  to  evaporate  over  sulphuric  acid. 

Lead  chromaie,  CrO^l'b".  —  On  mixing  solution;  of  potassium  chromaie  or 
bichromate  with  lead  nitrate  or  acetate,  a  brilliant  yellow  precipitate  falls, 
which  is  the  compound  in  question  ;  it  is  the  chreme-iielt'jtv  of  the  painter. 
Then  this  compound  is  boiled  with  lime- water,  ono  haif  of  the  acid  is  with- 
drawn, and  a  basic  lead  chromatc  of  an  orange -red  color  left.  The  basic 
chromate  is  also  formed  by  adding  lead  eliminate  to  fused  nitre,  and  after- 
ward* dissolving  oui  the  soluble  sails  by  wuusr :  the  product  is  crystalline, 
and  rivals  vermilion  in  beauty  of  tint..  The  yellow  and  orange  chrome- 
colors  are  Used  upon  ciol  li  by  tiie  m1  torn  ate  application  of  the  two  solutions, 
and  in  the  latter  case  by  passing  ilio  dyeii  siulf  jhioi.iih  a  bath  of  boiling 

Silver  chromate,  f'rO^Ai;,.  —  This  sail  precipitates  its  a  reddish -brown  pow- 
der when  solutions  of  polassiirm  chromate  and  silver  nitrate  are  mixed.. 
It  dissolves  in  ho!,  dilute  nitric  acid,  ami  separates,  on  cooling,  in  small 
ruby-red  pi aty  crystals.  The  ohroinaies  of  barium,  nine,  and  mercury  are 
insoluble;   the  first  two  are  yellow,  the  last  is  brick-red. 

ChuoMIUM  DltlxYrirciILonnn:,  CrfUX,  coinmonly  called  Cklorochromk 
acid.  —  When  3  pans  of  polassiiun  bichromate  and  ".'.  pa  its  of  common  salt 
are  intimately  mixed  and  introduced  into  a  sun. II  g!a~s  retort,  9  parts  of  oil 
of  vitriol  then  added,  ami  heat  applied  as  long  as  dense  red  vapors  arise. 
this  compound  passes  over  as  a  heavy  deep-red  hipiid  resembling  bromine: 
it  is  decomposed  by  water,  with  production  of  chromic  and  hydrochloric 
acids  It  is  analogous  to  the  so-called  ch'mromolyhdie,  chlorotungstie,  and 
chlorosulphuric  acids  in  composition,  and  in  the  products  which  it  yields 
when  decomposed.  It  may  he  regarded  as  formed  from  the  f.rioxide  by 
substitution  of  CI,  for  0,  or  from  chromic  acid,  fCrOa)"(OH)a,  by  substitu- 
tion of  Cla  for  (ON),:  also  a.s  a  compound  of  chromium  hexohlorido  (not 
known  in  the  separate  slate  I,  with  chromium  trioxide :  CrCl6 .  2Cr03  = 
SCrOjClj. 

1'miCHKOMio  An  ir>  is  oblaine:!,  ui-cording  tu  liarmswil.  by  mi  ting  chromic 
acid  with  dilute  hydrogen  oxide,  or  noia.ssium  biehvomaie  with  a  dilute  but 
very  acid  solution  of  barium  dioxide  in  hydrochloric  acid  ;  a  liquid  is  then 
formed  of  a  blue  color,  which  is  removed  from  the  aqueous  solution  by 
ether.  This  very  unstable  compound  lias  perhaps  the  composition  Cr2OsIls 
or  Cr„07.  OIIjj,  analogous  to  that  of  permanganic  aoid. 

Reactions  of  Cltrniri.ii/in.  crm/pm-nde.  ■  -  A  solution  of  chromic  chloride  or  a 
chromic  oxygen  sail  is  not  precipitated  or  changed  in  any  way  by  hydrogen 
sulphide.  Ammoii.nnn  nuq.li.iii.-  throws  down  a  grayish -green  precipitate  of 
chromic  hydrate.  Ciwiie  jhtd  a/lialir-s  also  prccipita.te  ilie  hydrated  oxide, 
and  dissolve  it  easily  when  added  in  excess,    .iinntorud,  the  same,  but  nearly 
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insoluble.  The  cnr'ir.>,'ilh-:  i>f  inii-tfpiion.  ?-:iliin:>,  am!  /ih-mimittm  also  throw 
down  a  green  precipilalc  of  hvdriiie,  slightly  fohibif  in  a  large  excess, 

Chroiuous  Salts  are  but  rarely  meth  with;  for  their  reactions,  see  Chro- 
mium dichloride,  p.  437. 

Chromic  acid  and  Us  salt  -  sire  easily  recognized  in  solution  by  forming  a 
pale  yellow  precipitate  wish  /atrium  ?ali.<,  li  right  yellow  with  lead  salts,  briek- 
red  with  mirrwin..  wits,  and  crimson  ndi.ii  ,-:oo:;t  .wl-l* ;  also  by  their  eapa- 
bility  of  yielding  ihc  green  sesquioxide  by  reduction. 

All  chromium  com  pounds,  ignited  with  a  o  uxi.it  re  of  nitre  and  an  alka- 
line carbonate,  yield  an  alkaline  chrotuato,  which  may  lie  dissolved  out  by 
water,  and  on  being    uemvali/ed    wim    acoiic    acid,  will  give  the  reactions 

The  oxides  of  chromium  and  t heir  *i'r«,  fused  willi  herns  in  either  blow- 
pipe flame,  yield  an  emerald -green  glass.  The  same  character  is  exhibited 
by  those  salts  of  chromic  acid  whose  bases  do  not.  of  themselves  impart  a 
decided  color  to  the  bead.  The  production  of  the  green  color  in  both 
flames  distinguishes  chromium  from  uranium  and  vanadium,  which  give 
green  beads  in  the  inner  flame  only. 


TUNGSTEN,  or  WOLFRAM. 

Atomic  weight,  181,     Symbol,  "W. 

TnNCSTEN  is  found,  as  ferrous  tiuigslatr,  In  the  mineral  wolfram,  tolerably 
abundant  in  Corn  wail  ;  m.-cas  ion  ally  also  as  calcium  ( uugslale  (schedifr.  or 
tungsten),  and  as  load  tung.-tatc  [tdicdttltu:).  Metallic  tungsten  is  obtained 
in  the  slate  nl"  a  dark  gray  powder,  by  -ti:i;:g!y  heating  fungstic  oxide  in 
a  stream  of  hydrogen,  hue  requires  for  fusion  an  exceedingly  high  tote' 
perature.  It  is  a  white  metal,  very  hard  and  brittle:  it  lias  a  density  of 
17-4.     Heated  to  redness  in  the   air,  it  takes  fire   and  reproduces   Lung- 

Tungsten  forms  two  classes  of  compounds,  in  which  it  is  quadrivalent 
and  sexvalent  respectively,  and  a  third  class,  of  liner mediate  composition, 
in  which  it  is  apparently  quinquivalent. 

Chlobidf.s,  —  These  compounds  are  formed  by  heating  metallic  tungsten 
in  chlorine  gas.  The  hf.!-r.hiji,-iik  or  .''.'.■;■ .■/.■!'<<■  chlnrhje,  Wt.-18,  is  also  produced, 
together  with  oKyehlorido,  by  the  action  of  chlorine  on  an  ignited  mixture 
of  tungstio  oxide  and  charcoal.  The  o^ycliloridcs,  being  more  volatile 
than  the  hexehloriile.  may  he  separated  from  :.t  by  sublimation.  The  hex- 
chloride  forms  dark  violcl  scale.-  or  fused  crusts  oaring  a  bluish-black  me- 
tallic iridescence.  By  contact  with  water  or  moisi  air,  it  is  converted  into 
hydrochloric  anil  tungstie  acids.  The  irtrarJilorkk,  Wl'lj,  is  formed,  accord- 
ing to  some  authorities,  as  :i  dark -red  compound,  wiieu  tungsten  is  heated 
in  chlorine  gas  ;  hul  according  to  others,  this  red  compound  is  a  penta- 
ohloride,  W,C1W  or  WCLj.'WClg,  the   tetrachloride  not  being  known  in  the 


Oxides. —Tungsten  forms  three  oxides,  1VO.,,  IV  0,.  and  \V'20E.  neither  of 
which  exhibits  basic  properties,  so  that  I  here  a.ve  no  tungsten  salts  in  which 
the  metal  replaces  i.hc  hydrogen  of  an  aeid,  or  takes  (lie  electro-positive 
part.  The  trio.xidc  exhibits  decided  aciil  i.etidotieies,  uniting  with  basic 
metallic  oxides,  and  forming  cryslallizable  sails  called  timystates.  The 
pentoxide  may  be  regarded  as  a  compound  of  the  other  two. 
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The  dioxide,  or  Ttmys/inn  n-xiik,  IV  03,  is  most  easily  prepared  by  exposing 
tungstie  oxide  to  hydrogen,  at  a  temperature  not  exceeding  dull  redness. 
It  is  a  brown  powder,  somel  imes  assuming  a  crystalline  appearance  and  an 
imperfect  metallic  lustre.  It  takes  live  when  healed  in  i-lits  air,  and  burns, 
like  tlie  metal  it-sell,  to  tungstie  oxide.      It.  tonus  a  (jctinito  compound  with 

Tlic  trioxide,  or  Tungs;k  ozi:h,  W()3,  is  mosl  easily  prepared  from  native 
calcium  tungstate  by  digestion  in  nitric  or  hydrochloric  acid,  the  soluble 
caleium-salt  thereby  produced  being  ■.v-aslied  out  with  water,  and  tho  re- 
maining tungstie  acid  ignited,  from  woii'ram  it  may  be  prepared  by 
repeatedly  digesting  (lie  mineral  in  strong  hydrochloric  acid,  ultimately 
with  addition  of  a  little  isiiric  acid.  10  dissolve  out  tlie  iron  and  manga- 
nese; dissolving  Hie  remaining  luugstic  acid  in  aipicous  ammonia;  evapo- 
rating to  dryness  ;  and  Inviting  tho  residual  ammonium  tungstate  in  con- 
tact, witli  the  air.  Tungstie  oxide  is  a  yellow  powder  Insoluble  in  water, 
and  in  most,  acids,  but  soluble  in  alkalies.  'I' lie  hot  solutions  of  the  result- 
ing alkaline  tungstate,  when  neutralized  with  an  acid,  yield  a  yellow  pre- 
cipitate of  timyxlK  ■iii'iiip/i-i/f/i-n!!  or  iung^fir  arid.  W04it.,.  or  W03.  OHj,  Cold 
dilute  solutions,  on  the  other  hand,  yield  with  acids  a  while  precipitate, 
consisting  of  tungstie  dihfdrite  or  liydnited  tn/i</.ilie  cwW,  W03 .  20 Ha,  or 
W04Hj,OHj.      Tungstie  acid  reddens  litmus  and  dissolves  easily  in  alkalis. 

Tangslates. — Tungstie  acid  unites  with  bases  in  various,  and  often  in 
very  unusual  proportions.  It  is  capable  of  exiting  also  in  two  isomeric 
modifications,  viz :  1.  Ordinary  Uni'/siK  urid,  which  is  insoluble  in  water, 
and  forms  insoluble  salts  with  all  metals,  except,  the  alkali -metals  and  mag- 
nesium; 2.  Melalnngsik  arid,  which  is  soluble  in  water,  and  forms  soluble 
salts  with  nearly  nil  metals.  Ordinary  tungstie.  aeid  forms  normal  salts 
containing  WO, M„  or  W03.  Ms0,  and  aeid  salts  containing  7W03.3MsO, 
which  may  perhaps  he  regarded  as  double,  salts  composed  of  diacid  and 
triacid  tungstatcs,  that  is,  as  2(^V03 .  11,0')  -j-  SW03 .  M,0.  The  tung- 
states  of  potassium  ami  sodium,  especially  the  latter,  are  sometimes  used 
as  mordants  in  dyeing,  in  place  of  slannaies  :  also  for  rendering  muslin 
and  other  light  fabrics  uninflammable.  Tungstous  tungstate,  WOs.WOr 
which  has  the  composition  of  t.t/ng.dcn  jin,.ii,i.kh-,  >VJ)S,  is  a  blue  sub- 
stance  produced  by    reducing    run:;stio   oxide   or    tmigslic  acid  with  line 

and  hydrochloric  acid  ;   also  by  heal  ing  moniuin  lungs t.ate  to  redness  in 

a  retort. 

Mttattmgitattt. — .These  salts,  which  have  the  composition  of  Ojuadacid 
tungstates,  4W03 .  Ms0,  are  formed  from  ordinary  i.ungstates  by  addition 
of  tungstie  acid,  or  by  removing  pan.  of  tlie  base  by  means  of  an  acid. 
They  are  for  the  most  part  soluble  and  crystalli/able.  By  decomposing 
barium  metat.ung stale  with  dilute  sulphuric  aeid,  and  evaporating  the 
filtrate  in  a  vacuum,  hydrai.ed  inci.alungsi.io  acid  is  obtained  in  t|undraiic 
oofohedions  apparently  containing  ■iWO;i,  0HS  +  31  aq. ;   it  is  very  .soluble 

Silicotungstates.* — By  boiling  gelaliuous  silica  with  acid  potassi am  tungs- 
tate, a  crystalline  salt  is  obtained,  having  the  composition  of  a  diacid  potas- 
sium tungstate,  6(2W0a  .  K;Oi,  or  12W03.  K.p6,  in  which  one  third  of  the 
potassium  is  replaced  by  silicium,  \i/..,  12W03.  Ks^iLl(t6.  so  that  the  silicium 
here  enters  as  a  basylous  element.  The  rcsuliinir  sidusio.n  yields  with  iner- 
curous  nitrate  a  precipitate  of  uiacuruus  xilinit'cuf/slii!*-:;  this,  when  decom- 
posed by  an  equivalent  t[ uau lity  of  hydrochloric  acid,  yields  a  solution  of 
hydrogen  silicotimtpd'tU:  or  .til-f.n/.'iiii/i-.lk  ,tdd;  ami  the  other  silicotungsiatos, 
which  are  nil  soluble,  ore  obtained  by  treating  the  acid  with  carbonates. 

SilicodccUiaujstk  add,  jUVV03  ,  HaSi!"- 06.  is  obtained  as  an  ammonium- salt 

*  Marignsc,  Ann.  Cliira.  Pl.ve.  [4]  iii.  5 ;  Walls's  Dictionary  of  Chemistry,  v.  013. 
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by  boiling  gelatinous  silica  with  soInt.ii.ni  of  acid  ammonium  tungstate  ;  find 
from  this,  the  acid  and  its  oilier  salts  may  lie  ubLaluod  in  the  same  manner 
as  the  preceding.  The  silicodceitungstutos  arc  very  unsiublo,  and  the  acid 
is  decomposed  liy  mere  evaporation,  depusiling  silica,  ami  being  converted 
into  tungsto-si&iii:  arid,  which  is  isomeric  with  silicotiingsiic  acid,  and  like- 
wise decomposes  carbonates.  All  three  of  theee  ttoida  ure  capable  of  ex- 
changing either  one-half  or  the  whole  of  their  basic  hydrogen  for  metals, 
thereby  forming  acid  and  neulral  sales;  silicotungsi  ie  acid  also  forms  an 
acid  sodium-salt  in  which  only  one-fourth  of  the  hydrogen  is  replaced  by 
sodium. 

Ttsnustek  Sulphides.  —  The  d:r,uty]i'nh',  or  7V«  7  .».'(■  H-i  f.aiy.hiils,  IV  S2,  in  ob- 
tained in  soft  black  needle-shaped  crystals,  by  igniting  tungsten,  or  one  of 
its  oxides,  with  sulphur. 

The  tris!tiphi(h\  or  Tuiyxtk  s<t7/>'h><{,<,  "tt'-y  is  formed  by  dissolving  tungstie 
acid  in  ammonium  sulphide,  and  precipitating  wilh  :in  acid,  or  by  adding 
hydrochloric  acid  to  the  solution  oL'  an  alkaline  tiingstate  saturated  with 
hydrogen  sulphide,  1't.is  a  lip  lit -brown  precipitate,  turning  black  when  dry. 
It  unites  easily  with  basic  mvtallii;  sulphides,  forming  the  nui-phuluiii/skiics, 
1VS4M,,  analogous  to  the  normal  t.ungstatos. 

Reactions  0fT11ngsi.cn  cmnpotmth. —  Soluble  lungslates,  or  metatung states, 
supersaturated  wit.li  sulphuric,  hydroelihirlo.  phespiiorie,  oxalic,  or  acetic 
acid,  yield,  on  the  introduction  of  a  piece  of  zinc,  a  beautiful  blue  color, 
arising  from  the  formation  of  blue  tungsten  oxide.  A  soluble  tungstate, 
mixed  with  ammonbaa  sulphui, ,  and  (lion  ivilli  excess  of  acid,  yields  a  light- 
brown  precipitate  of  i.ungsiie  siLliihide,  soluble  in  ammonium  sulphide. 
Ihidmncn  s'jlyh  :•.!-:  rleos  00c  precipitate  the  aeidulau-d  solution  of  a  tungstate, 
but  turns  it  blue,  owing  (o  the  funimliou  of  tin;  blue  oxide.  Ordinary  tung- 
states  give  with  potassium  ferrocs/amde,  afire  addition  of  hydrochloric  acid, 
a  brown  flocouiont  precipe  ate,  soluble  in  pure  water  free  from  acid  ; 
miigslu^es  give  no  precipitate.  .-IriV/v  added  to  solutbins  of  ordinary 
states,  throw  down  a  while  or  ycnVv,'  prcoipilate  of  tungstie  acid;  witn 
nictatnugstuios  no  precipitate  is  obtained. 

All  tungsten  compounds  form  culorlcss  bends  with  boras  and  phos- 
phorus salt,  in  tiie  outer  blowpipe  tianie.  Willi  huriix.  in  the  inner  flame, 
they  form  a  yellow  glass,  if  the  quantity  of  tungsten  is  somewhat  consider- 
able, but  colorless  with  a  smaller  quantity.  With  ji.'<ctphorta  salt  in  the 
inner  flame  they  form  a  glass  of  a  pure  bli.e  eel  or,  lilies*  metallic  oxides  are 
present,  which  modify  it;  in  presence  of  iron  the  glass  is  blood-red,  but 
the  addition  of  metallic  tin  renders  it  blue. 


Steel,  alloyed  wilh  a  sma''  quantity  of  tungsten,  acquires  extraordinary 
hardness.  Wootz,  ov  Indian  steel,  contains  tungsten.  Tungsten  has  also  a 
remarkable  effect  on  sice!  in  increasing  its  poiyer  nf  retaining  magnetism 
when  hardened,  A  horse-shoe  magnet  of  ordinary  steel  weighing  two 
pounds  is  considered  of  good  quality  when  it.  bears  seven  times  its  own 
weight;  but,  according  to  Siemens,  a  similar  magnet  made  with  steel  c 
tainiog  tungsten  may  lie.  made  lo  carry  twenty  times  its  weight  susp 
from  the  armature.* 

*  Journal  of  the  Chemical  Society.  July,  IS CS.     M  Series,  vol.  vi.p.  284. 
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eight,  92.  Symbol,  Mo. 
This  metal  occurs  in  small  qunntiry  as  sulphide  and  as  load  molyb date. 
Metallic  molybdenum  is  obtained  by  exposing  in.jlytii.tiu  oxide  in  a  eharcoal- 
lined  crucible  to  the  most  intense:  heat.  that,  uan  be  obtained.  It  is  awhite, 
brittle,  and  exceedingly  infusible  metal,  tuning  a-  density  of  8-6,  and  oxid- 
izing, when  heated  in  die  air,  to  molybdic  oxide. 

Chlorides.  —  Molybdenum  forms  throe   chlorides,  containing  MoCI2,  Mo, 

Cl6,  and  MoCl4.      The  i.~inu-hloride,  or  vtohibdk  chloride,  is   obtained  in  dark 

metallically  lustrous  crystals  hy  passing  chlorine  in  exoessover  gently  heated 

molybdenum;  when  heated  in   a   stream   of  hvdrogon,  it.  is  reduced  to  the 

MoCla 

dark  copper-Colored  ';-<"; /.,'<,)' !<;'■:,    ■  .      The  <.';<;. 'inon/r.  or  uro, ',...',  (/.,().<  <-!ii-;yide 

MoCl, 
is  obtained,  though  not  in  the  pure   state,  T>y  exposing  the  trichloride  to  a 
moderate  heat  in   an  atmosphere  of  cm  vboo  dioxide,  or  by  heating  metallic 
molybdenum  with  calomel.      In  solution  it  is  obtained  hy  saturating  hydro- 
chloric acid  with  molybdous  hydrate 

The  bromides  of  molybdenum  correspond  in  composition  to  the  chlorides  ; 
(litre  is  also  an  oxybrouiido  containing  Mov'lir202. 

Fluorides.  —  Molybdenum  forms  three  thioridcs,  WoFs,  MoF4,  MoF6, 
which  are  obtained  1 1 v  dissolving  the  corresponding  oxides  in  hydrofluoric 
aeid.  The  ke-cfiuoridc  is  not.  known  in  the  free  state,  but.  only  in  combina- 
tion with  basic  metallic  fluorides  and  molybdiiics ;  thus  there  is  a  po- 
tassium .salt  oontaiiiiiig  MoOjK,.  MoF8K,. 

Oxides. —  Molybdenum  forms  itie  three  oxides,  Mo"0,  Mo!,Oa,  and 
Mo"03,  besides  several  oxides  intermediate  between  die  last  two,  which 
may  bo  regarded  as  molybdic  molybdates. 

The  muiitr.dde,  or  Shd:tl--i'.'i's  ej,'n'-,  Mot),  is  pri'duced  by  bringing  die  di- 
oxide or  trioxide.  in  presence  of  onu  of  the  .stronger  acids,  in  contact  with 
tiny  of  the  me.ta.la  whiuh  decompose  water.  Tims,  when  zinc  is  immersed  in 
a  concern ra led  delation  nf  an  nlkiilinc  trick  In  I  ate  mi  zed  with  a  quantity  of 
hydrochloric  acid  sufficient.  10  I'edissolvo  I  lie  precipitate  first  thrown  down, 
zinc  chloride  and  molybdous  chloride  .are  formed.  The  dark-colored  solu- 
tion thus  obtained  is  mixed  with  a  large  quantity  of  caustic  potash,  which 
precipitates  a  tiiaek  hvdrnlcd  molyhdeus  oxide,  and  retains  the  line  oside 
in  solution.  The  freshly  precipitated  hydrate  is  soluble  in  acids  and  am- 
monium carbonate ;  when  heated  in  the  air  it.  burns  to  dioxide,  but  when 
dried  in  a  vacuum   ii  leaves  the  black  anhydrous  monoxide. 

The  dioxide,  or  Hfol'ihu'ic  oxide,  Mot),,  is  obtained  in  the  anhydrous  state  by 
beating  sodium  molybdate  with  Mai-ammoniac,  the  molybdic  trioxide  being 
reduced  to  dioxide  by  the  hydrogen  of  the.  ammoniacal  sail  ;  or,  in  the  hy- 
drate! state,  hy  digesting  nietnlliu  copper  in  a  solution  of  molybdic  acid  in 
hydroeiiloric  aeid.  imt.il  the  liquid  :iss;;mr.s  a  red  color,  and  ihen  adding  a 
largo  excess  of  ammonia.  Ttiu  anhydrous  dioxide  is  deep  brov.ni.  and  in- 
soluble in  acids:  the  hydrate  resembles  ferric  hydrate,  and  dissolves  in 
itcida,  yielding  red  solutions.      It  is  converted  into  molybdic  acid  by  strong 

Trioxide,  MoOa.  —  To  obtain  ibis  oxide  (commonly  called  Molybdic  acid), 
native  molybdenum  suluhide  is  roasted,  at  a  red  heal,  in  an  open  vessel, 
and  the  impure  molybdic  trioxide  thence  resulting  is  dissolved  in  ammonia. 
The  filtered  solution  is  evaporate..)  to  dryness,  and  the  salt  is  taken  up  by 
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water,  and  purified  by  crystallization.  .It  is,  la.-t.ly,  decomposed  "by  heat, 
and  the  ammonia  expelled.  The  li-ioxide  may  also  be  prepared  by  decom- 
posing native  lead  molybdate  with  sulphuric-  acid.  It  is  a  white  crystalline 
powder,  fusible  at  a  red  heal,  anil  diirhily  soluble  in  water.  The  solution 
contains  mrdybdic  ueid;  lint,  this  acid,  in-  hydrate,  is  not  known  in  the  solid 
State.  The  dioxide  is  easily  dissolved  by  alkalies,  and  forms  two  series  of 
salts,  Til.,  normal  or  twuiritl  nni/ii/tilau-",  lie  0,1 1...  or  Mod,,.  K.,0,  and  aiihydro- 
molybdates  or  bimulyhdaia,  MoOjiv, .  Mo03.  or  :f\loO,.  li.,<>,  the  symbol  11  de- 
noting a  univalent  metal.  The  neutral  moiybibn  es  of  ihe  alkali-metals  are 
easily  soluble  in  water,  and  tlieir  sn'.uiions  yield,  with  the  stronger  acids,  a 
precipitate  either  of  a  loss  soluble  biniolybuate,  or  of  the  anhydrous  tri- 
oxido. Tlie  other  niolyb  dates  arc  insolulili-,  and  are  obtained  by  precipita- 
tion. Lead  mulybdak;  Mo4Vb,  occurs  native  in  yellow  quadratic  plates  and 
octohedrons. 

SuLrniDES.  —  Molybdenum  forms  Three  sulphides,  TMriS2,  MoSs,  and  MoSj, 
the  last  two  of  whieli  are  at.: id  sulphides,  lormiug  sulphur-salts.  The  rft- 
sulphide,  or Molybdic.  mdpiiidf,  MoS„,  occurs,  native,  as  mohdidenite,  in  crystallo- 
laminar  masses,  or  tabular  crystals,  bavin.-*  a  strouir  metallic  lustre  and 
lead-gvay  color,  and  forming  a  p-:iy  streak  mi  nnpor  like  plumbago.  The 
same  compound  is  produced  artificially  by  heating  either  of  the  higher 
sulphides,  or  by  igniting  ihe  trioxble  with  sulphur.  "When  roasted  ill  con- 
tact with  the  air,  it  is  converted  into  trioxide. 

The  Irisulpkide,  HnS.,  commonly  called  t.ut]>l<nvinh/lidic  add,  is  obtained  by 
passing  hydrogen  sulphide  Into  a  concern  rated  so!  at  inn  of  an  alkaline  ino- 
lybdate,  and  precipitating  with  an  acid.  It  is  a  black-brown  powder, 
m  hich  is  dissolved  shiwly  by  alkalies,  more  easily  by  alkaline  suipliido  aul 
sulph-hyd rates,  forming  sulphur-suits  called  gtil/ihwiuh/litlalei.  Most  of 
these  salts  have  the  composition  Mo!-. It.,,  or  Mo^;i .  1!,S,  analogous  to  that 
of  the  molybdates.  The  sulphti-molybdates  uf  the  alkali-metals,  alkaline 
earth-metals,  and  magnesium,  are  soluble  in  water,  forming  solutions  of  a 
fine  red  color  ;    the  rest  are  insoluble. 

Tetramlphide,  MoS,,  —  This  is  also  an  aeid  sulphide,  forming  salts  called 
pergulphomolybdalcn,  the  general  formula  of  which  is  \loS.lt2,  or  M0S4. .  KSS. 
The  potassium-salt  is  obtained  by  boiling  the  sr.lplio-molybdat*  with  molyb- 
denum trisulphide,  washing  the  i-osiiliin^  jireoipitale  till  the  wash-waler 
gives  a  red  flocculcni  precipitate  wiili  hydrochloric  acid,  and  then  digest- 
in;':  the  residue  with  r.iild  K-nli-r,  whieh  dissolves  eut  potassium  )icrsalpho- 
molybda'c.  and  leaves  Ihe  disulphide.  The  solution  of  this  pola-sium  sa'.t, 
treated  with  hydrochloric  acid,  yields  a  dark-red  precipitate  of  molybdenum 
let  rasuip  aide,  which  dissuives  in  alkalies. 

Molybdenum  it;  solo-ion  is  ol;nraeicr;/e.d  as  follows: 

M'lbjbdows  sails,  oblaiucd  by  dissolving  timUhaous  o-iide  in  acids,  are 
opaque  and  almost  black.  They  yield,  with  hydror/ai  sulphide,  a  brown- 
black  precipitate  soluble  in  amnuumiui  sulphide  ;  with  atl.iiUen  and  alkaline 
rihhi,:r :(.'::.  a  iiro  r.ui  isli-ldaok  precipitate  of  u.nly  I  ■dons  hydrate,  e.i -:'.;.  -1  bible 
in  acid  potassium  carbonate,  or  in  ammonium  oaihoii.-ile  ;  with  potassium 
ft.rrocyaii.tde,  a  dark-lmnvn  precipitate;  iviih  itidiian  pht.xphale,  a  white  pre- 
cipitate. 

Solutions  of  molybdic  sails  lave  a  reddish-brown  color.  When  heated  in 
the  air,  they  have  a  tendency  to  become  blue  by  ovulation.  Tn  contact 
with  metallic  aitic.  they  first  blacken  and  then  yield  a  black  precipilate  of 
molybdous  hydrate.       Their  reactions  w  n  sulphide,  kts., 

are  similar  to  those  of  moiybdou,  salts ;   bat  the  precipitates  are  lighter  in 
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Mulylid'itt.5  are  colorless  unless  they  coiuiiin  a.  colored  base.  Solutions  of 
the  alkaline  molyhdatcs  yield  wiih  uciVfe  :i  precipitate  of  nmlybdio  li'ioxide, 
soluble  in  excess  of  the  precipitant.  They  arc  colored  yellow  by  hydrogen 
sulphide,  from  formation  of  a  sulphonieiybdaie  of  the  iilkdiii-inela!,  and  then 
yield  with  acids  a  brown  pj-ff:L [:-i I m ri.-  of  molybdenum  irisulphide.  This  is 
un  extremely  delicate  test  for  molybdie  acid,  They  torm  while  precipiiates 
with  the  salts  of  the  corlh-meiu':;,  and  precipilalcs  of  various  colors  with 
salts  of  the  heavy  -mttuls ;  e. ;/..  white  ivirh  lend  and  silver  sails;  yellow 
with  ferric  salts;  ilih.1  Yellowish- wliile  wilh  nieronvous  salts.  "When  vrtho- 
phoepkork  arid,  or  a  liquid  on'iii,io!:iL'  it,  is  added  lo  (lie  solution  of  ammo- 
nium molylaiai.e,  ioj;ctiiLT  willi  an  excess,  of  hydrochloric  acid,  [lie  liquid 
turns  yellow,  and  after  n  while  de|n>siis  a  yellow  precipitate  of  molybdie 
trioxide,  combined  uilh  small  quantities  of  phosphoric  acid  and  ammonia. 
This  precipitate  is  soluble  in  amuionia  ami  likewise  in  excess  of  the  phos- 
phate. The  reaction  is  iherefore  especially  adapted  for  the  detection  of 
small  quantities  of  phosphoric  acid.  The  pyrophosphates  and  mctaphos- 
phatea  do  not  produce   iho  yellow  precipitate.      yi-sci.iV;  iv.-id  gives  a  similar 

All  the  oxides  of  molybdenum  form,  with  honix,  in  the  outer  blowpipe 
flame,  a  bead  which  is,  yellow  while  hot,  and  colorless  on  cooling;  in  llio 
inner  flame,  a  dark  brown  bead,  winch  ':*  opaque  if  excess  of  molybdenum 
is  present.  J>y  loajj-contiuued  heating,  the  inolybdie  oxide  may  be  sepa- 
rated in  dark  brown  hakes,  (loaling  in  \h<s  clear  yeilnw  glass.  "With  phos- 
phorus ealt  in  the  outfir  flame,  all  uxides  of  molybdenum  give  a  bead  which 
is  greenish  while  hoi,  and  eoinvless  on  cooling ;  in  the  inner  flame  a  clear 
green  bead,  from  which  niolybuic  oxide  cannot  be  separated  by  continued 
heating. 
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PART   III. 

ORGANIC  CHEMISTRY. 


INTRODUCTION. 

THE  term  "Organic  Chemistry"  originally  denoted  (he  chemistry  of 
compounds  formed  in  the  bodies  of  piaui^  and  animals.  The  peculiar 
characters  of  the  compounds  thus  formal,  and  the  I'jiluro  of  the  earlier 
attempts  to  produce  II  mm  by  art  iliciul  man!,  led  io  I  he  erroneous  idea  that 
their  formation  win  due  to  a  mysterious  power  called  "vital  force,"  sup- 
posed to  reside  in  Ihe  living  orga.uiimi,  and  to  govern  all  the  changes  and 
processes  taking  place  within  it.  fn  accordance  wllh  this  idea,  the  chem- 
istry of  organic  confound*,  including  those  wdiicli  wore  formed  hy  artificial 
processes  from  the  products  of  vegetable  and  animal'  life,  was  erected  into 
ft  special  branch  of  chemical  science. 

Later  researches  have,  however,  shown  I  hat  si  la  rgc  n  umber  of  compounds, 
formerly  regarded  as  producible  only  under  the  iutluoneo  of  the  so-called 
vital  force,  may  be  forme!  eiiher  by  direct,  cmnbiruitiou  of  their  elements, 
or  by  chemical  transformation  of  inorganic  compounds. 

The  first  step  in  the  fornuinou  of  ocitanio  compounds  from  their  elements 
was  made  by  Wohler,  who  showed,  in  !£:■«,  that,  urea,  the  characteristic 
constituent  of  urine,  can  he  produced  by  nioleculal'  transformation  of  am- 
monium cyanate.  This  experiment,  "viewed  in  connection  with  the  fact 
established  about  twelve  years  afterwards,  that  cyanogen  (CN)  can  be 
formed  by  direct  combination  of  iis  elements,  is  oimelusivo  of  the  pos- 
sibility of  forming  a  product-  of  the  living  organism  from  inorganic  mate- 
rials. Marc  recently  it  lias  been  shown  that  elhino.  or  acetylene,  C,Hy 
can  Vie  produced  by  ihe  direct  com  bin  a  i  ion  of  carbon  and  hydrogen  ;  that 
this  compound  can  be  made  to  take  up  two  additional  atoms  of  hydrogen 
to  form  etheise,  CJh, :  and  thai,  this  taller  eompnaud  can  be  converted  into 
alcohol,  C2H60,  a  body  formerly  supposed  to  be  producible  only  by  the 
fermentation  of  sugar  ;  and  from  ibis  a  large  number  of  other  compounds 
can  be  produced  by  the  action  of  various  reagents.  The  researches  of 
Berlhelot,  Kolbe,  Wuriz,  and  olher  dist.isii.nii. shed  chemists  have  led  to  the 
discovery  of  a  large  number  of  other  eases  of  the  formation  of  organic 
compounds,  often  of  great  complexity,  from  suiisiances  of  purely  mineral 
origin,  and  ultimately  from  the  elements  ill  cm  selves.  The  division  of  com- 
pounds into  two  distinct  branches,  inorganic  and  organic  —  formed  accord- 
ing to  distinct  laws,  the  former  being  sir  I  Hi  chilly  producible  hy  direct  com- 
bination of  their  clement;,,  ihe  latter  only  under  the  influence  of  a  sup- 
posed vital  force  — must  therefore  lie  abandoned.  There  is,  indeed,  but 
one  science  of  chemistry,  of  which  the  si  udy  of  the  compounds  called  or- 
ganic forms  a  part. 

Organic  chemistry  is  in  fact  the  chemistry  of  eavlion-compounds,  and,  in 
ft  striotly  systematic  arrangement,  these  compounds  should  bo  described  in 
connection  with  the  clcmeni  enrhot.  ilseif.      I'm   Ihe  compounds  into  which 
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carbon  enters  arc  so  numerous.  Lhulr  eoiisrit  iillon  ami  the  transformations 
which  they  undergo  under  the  influence  of  heat  anil  of  chemical  reagents, 
are,  in  many  instances,  so  complicated,  [hat  it  is  found  best,  for  the  pur- 
poses of  instruction,  Jo  defer  1  lie i t  consideration  1111  the  other  elements 
ii.nil  thoir  compounds  have  been  studied. 

It  is  important,  in  this*  place,  io  mark  the  distinction  between  niyamc 
compounds  anil  organized Indies.  Organic  bodies,  such  as-  marsh  gas,  ethenc, 
benzene,  alcohol,  i-u^ar,  morphine,  &c,  are  diirinitc  chemical  compounds, 
many  of  which,  as  already  observed,  may  lie  formed  by  urliiioial  methods  : 
those  which  are  solid  can.  for  the  most  part,  be  crystallized ;  those  which 
are  liquid  exhibit,  constant  boiling  | ■  -- ■  i i 1 1 r-=  _  Organised  bodies,  on  the  con- 
trary, always  consist  of  mixtures  of"  several  definite  compounds.  They 
never  crystalline,  lnif.  exhibit,  a  fibrous  or  cellular  structure,  and  can  not  be 
reduced  to  the  liquid  or  gaseous  state  without  complete  decomposition. 
Lastly,  they  are  organs,  or  parts  of  organs,  win  oh  urn  essentially  products 
of  vitality,  and  there  is  not  the  slightest  prospect  of  their  ever  being  pro- 
duced by  artificial  means. 

The  study  of  the  composition  and  chemical  relations  of  organised  ho  dies 
belongs  to  a  special  department  of  the  science  called  "  Physiological  Chem- 
istry," which  bears  ibe  same  relation  io  Organic  Chemistry  that  Chemical 
Geology  bears  to  Mineralogy. 


Organic  compounds  contain,  [*<<;  (he  most  part,  only  a  small  number  of 
elements.  Many  consist  only  of  carbon  and  hydrogen.  A  very  large  num- 
ber, including  most  of  those  which  occur  ready  for  mod  in  the  bodies  of 
plants  and  animals,  consist  of  carl, on,  hydrogen,  and  oxygen;  others  con- 
sist of  carbon,  hydrogen,  mnl  nitrogen.  Others,  again,  including  most  of 
i.he  proximate  principles  of  the  an i mnl  organism,  consist  of  four  elements, 
carbon,  hydrogen,  oxygon,  and  nitrogen.  Some  contain  sulphur,  phos- 
phorus, chlorine,  and  metallic  elements;  in  fact,  artificially  prepared  car- 
bon compounds  may  contain  any  cleiitonls  whatever.  Moreover,  even  those 
which  contain  only  a  small  number  of  elements  oflen  exhibit  great  com- 
plexity of  structure,  in  consequence  of  the  accumulation  of  a  large  num- 
ber of  carbon-atoms  in  i  do  s e  molecule. 

Determination  of  Carluti  and  JL/drwu. —  The  quantities  of  these  ele- 
ments are  determines  by  burning  ■:-.  known  weigh!  of  tin:  body  to  be  examined, 
in  such  a  manner  as  to  convert  the  whole  of  the  carbon  into  carbon  dioxide, 
and  the  whole  of  the  hydrogen  into  water.  These  products  are  collected 
and  their  weights  determined,  and  from  the  data  11ms  obtained  the  quanti- 
ties of  carbon  and  hydrogen  presew  in  the  organic  substance  are  calcu- 
lated. When  nitrogen,  sulphur,  phosphorus,  chlorine,  &c,  are  present, 
special  and  separate  means  arc  resorted  to  for  their  estimation. 

The  method  to  be  described  for  the  determination  of  the  carbon  and 
hydrogen  owes  its  convenience  and  efficiency  io  ihe  improvements  of  Pro- 
fessor Liebig  ;  it  has  superseded  all  oilier  processes,  and  is  now  invariably 
employed  in  inquiries  of  the  kind.  Willi  proper  care,  (he  results  obtained 
are  wonderfully  correct ;  and  equal,  if  not  surpass,  in  precision  those  of 
the  best  mineral  analysis.  The  principle  upon  «  liioh  the  whole  depends  is 
the  following;  When  an  organic  substance  is  heiii.ert  with  the  oxides  of 
copper,  lead,  and  several  other  metals,  it  uudorejoos  complete  combustion 
at  the  expense  of  the  oxygen   of  the   oxide,  the   metal  being   at   the  same 
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time  reduced  either  completely,  or  to  a  lower  state,  of  oxidation.  This 
effect  takes  place  with  tin.'  greatest  ease  and  certainly  ivit.li  cupric  oxide 
(black  oxide  of  cnppori,  which,  although  unchanged  by  heat  alone,  gives 
up  oxygen  to  combustible  mutter  with  extreme  facility.  When  nothing  but 
carbon  and  hydrogen,  Of  rboso  bodies  togei  her  wit h  <i\\gen,  arc  present, 
one  experiment  suffices ;  (he  carbe:i  Mil  Ijj  drogeti  are  determined  directly, 
ami  the  oxygen  by  difference. 

It  is  of  course  indispensable  that  the  subslance  to  be  analyzed  should 
possess  the  physical  characters  of  porky,  otherwise  the  inquiry  cannot 
lead  to  any  useful  result  ;  if  in  the  solid  stale,  it.  must  also  be  freed  with 
the  most  scrupulous  tare  from  the  moisture  which  many  substances  retain 
with  groat,  obstinnoy.  If  it  wilt  hear  ilie  application 
of  a  moderate   heat,  litis   desiccation  is  very  easily  &ig-  l"o. 

nei!oui|>kslied  by  a  water  or  steam  bttth  :  in  other 
cases,  exposure  at,  common  temperatures  to  the  ab- 
sorbont  powers  of  a  large  surface  of  oil  of  vitriol  in 
the  vacuum  of  an  air-pump  must  lie  substituted. 

The  operation  of  weighing  the  dried  powder  i: 
conducted  in  a  narrow  open  tube,  about  '2>  or  3  incite! 
long  ;  the  tube  and  substance  are  weighed  together 
and,  when  the  latter  has  been  removed,  the  tube  with 
any  little  adherent  matter  is  re-weighed.  Thia 
weight,  sa'n.raeicd  from  the  former,  gives  the  weight 
of  the  substance  employed  in  the  experiment.  As 
only  half  a  gram  (:">  or  it  grains)  is  used,  the  weighings  should  not  involve  a 
greater  error  than  a  milli gram  (or  .  ', „  pari-  of  a  grain). 

The  copper  oxide  is  best  made  from  the  nitrate  by  complete  ignition  in 
an  earthen  crucible :  it  is  rcduccil  to  powder  ami  re-beeted  just,  before  use, 
to  expel  hygfosoopic  moisi.nro,  which  it  a.bsovbs,  even  while  warm,  with 
avidity.  The  combustion  is  performed  in  a  tube  of  hard  white  Bohemian 
glass,  having  a  diameter  of  04  ur  tbfi  inch,  and  in  length  varying  from  14 
to  18  inches:  this  kind  of  glass  bears  a  moderate  red  heat  without  becom- 
ing soil  euu'jgh  to  lose  its  shape.  One  end  of  l  lie  tube  is  drawn  out  to  a 
Fig.  177. 


point,  as  shown  in  fia.  177.  and  closed  ;  the  oilier  is  simply  heated  to  fuse 
and  soften  the  sharp  edges  of  the  glass.  The  tube  is  now  two-thirds  filled 
with  the  yet  warm  copper  oxide,  nearly  (lie  whole  of  which  is  transferred  to 
a  small  porcelain  or  Wedgwood  mortar,  and  very  intimately  mixed  with  the 
organic  substance.  The  mixture  is  nest-  t  muster  red  to  the  tube,  and  the 
mortar  rinsed  with  a  little  fresh  and  hoi.  oxide,  which  is  added  to  the  rest; 
the  tube  is,  lastly,  filled  to  within  an  inch  of  the  open  end  with  oxide  from 
the  crucible.  A  few  gentle  taps  on  the  table  suffice  to  shake  together  the 
contents,  so  as  to  leave  a  free  passage  for  the  evolved  gases  from  end  to 
end.  The  arrangement,  of  the  ini\i  ore  and  oxide  in  the  tube  is  represented 
in  fig.  177. 

The  tube  is  then  ready  to  lie  placed  in  Ibe  furnace  or  chauffer:  this  is 
constructed  of  thin  sheet  iron,  and  is  furnished  with  a  series  of  supports 
of  equal  height,  which  serve  to  prevent  flexure  in  I  lie  combustion-tube  when 
softened  by  heat.  The  chauffer  is  placed  upon  Hat  bricks  or  a  piece  of 
stone,  so  that  but  little  air  car,  enter  (he  grating,  unless  the  whole  be  pur- 
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yosely  raised.  A  slight  i n n "_ i n n t l i : : i  is  id.-:i  sriyeri  tnwiirds  the  extremity 
occupied  by  tlie  mouth  of  the  combustion-tube,  which  losses  through  a 
hole  provided  lor  llisi.L  purpose. 


To  collect  the  water  produced  in  the  experiment,  a  siiiull  light  tube  of  the 
form  represented  in  tig.  1"!',  tilled  with  fragments  of  spongy  calcium 
chloride,  is  attached  by  ,i  y.t-iioLn : :.■■.!  cork,  thoroujiidy  dried,  to  the  open 
extremity  of  the  combustion-tube.  The  carbon  dioxide  is  absorbed  by  n 
solution  of  caustic  potash,  of  specific  gravity  1  -li7,  which  is  contained  in  a 
email    glass  apparatus  on  the   principle  of  si  lYoulfo's  bottle,  shown  in  fig. 


ISO.      The  ■ 


.i    the  latter  and  I  In;  calcium-chloride  tutu:  i; 


Completed  by  a  liiilc  tube  of  ('aovHcbouc,  secured  with  silk  cord.  The 
whole  is  shown  in  iii.'.-.  ]■-!,  ?!•■  art  iiii^i^l  tci  u-.e.  .liuth  the  calcium-chloride 
tube  and  the  potash  tipparai  us  ace  weighed  w  iih  the  utmost  care  before  tlie 


The  tightness  of  the  junctions  may  be  ascertained  by  slightly  rarefying 
the  included  air  bv  sneidng  a  lew  bubbles  from  the  interior  through  the 
liquid,  using  the  dry  lips,  or,  bettor,  si  little  bent  tube  with  a  perforated 
cork;  if  the  difference  of  level  in  the  liquid  in  tlie  two  limbs  of  the  potash- 
apparatus  be  preserved  for  several  minutes,  i  lie  joints  are  perfect.  Red- 
hot  charcoal  is  now  pineetl  around  tlie  anterior  purl  ion  of  the  combustion- 
tube,  containing   the  pure  oxide  of  copper  :    and  whan  this  is  red-hot,  the 
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fire  is  slowly  extended  towards  she  i'si. i-llmi-  extremity  by  shifting  the  mov- 
able screen  represented  in  the  drawing.  The  experiment  must  be  so  con- 
ducted that  a  uniform  stream  of  ciubon  dioxide  shall  enter  tlic  potash 
apparatus  by  bubbles  which  may  be  easily  counted :  when  no  nitrogen  is 
present,  those  bubbles  are.  towards  the  termination  of  the  experiment,  almost 
couiplctely  absorbed  by  the  alkaline  ihjuid,  Hie  little  residue  of  air  alone 
escaping.  In  the  case  of  an  u/ot.Lmd  body,  on  the  contrary,  bubbles  of 
nitrogen  pus  na.-s  i  h rough  the  poiiisli  -solution  during  I  he  whole  process. 

When  the  tube   has    become   completely  hooted  from  end  to  end,  and  no 
more  gas  is  disengage  J,  but,  on  the  other  hmiil,  ab.mrption  begins  be  evi- 


dent, the  coals  are  removed  from  the  farther  extremity  of  the  combustion- 
tube,  and  the  point  of  the  latter  broken  off.  A  little  air  is  drawn  through 
the  whole  apparatus,  by  which  the  remaining  carbon  dioxide  and  watery 
vapor  are  secured.  The  parts  are,  lastly,  detached,  and  the  calcium -chlor- 
ide tube  and  potash-apparatus  re-weighed. 

jRJf.  IBS.  Fin.  184. 


The  mode  of  heating  the  combustion-  lube  with  red -hoi.  charcoal  is  the 
original  process,  and  still  extensively  employed,  the  construction  of  the  fur- 
nace being  mo^t  -iuiple,  ur.-t  eharo'uiL  cvvyJiut:  ;ic:cssible.  But  since 
the  use  of  coal-gtts  has  been  uni\  orsally  adopted  in  laboratories,  many  con- 
trivances have  been  suggested,  i:y  me  tins  of  which  this  convenient  fuel  may 
be  employed  also  in  orgunie  analysis.  An  apparatus  of  this  kind*"  is  the 
one  represented  in  lis;.  l.HJ.  in  whicli  the  combustion-tube  is  heated  by  a 
series  of  perforated  clay-burners.  These  clay-biii-novs  are  fixed  on  pipes 
provided  with  stt.peocks,  so  that,  the  gas  iimy  !>o  lighted  according  to  the 
requirements  of  the  case.  The  stoooocks  bc;ng  appropriately  adj  listed,  the 
*  mjmatm,  Journ 
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f-A-  burrs  on  I  lid  surface  of  The  burners  with  a  s:m.:kelc-s  >i  Li:e  11  ante,  iv'iich 
renders  them  in  a  short,  time  incandescent.  The  construction  of  this  fur- 
nace is  readily  inteliJ^Lhle  by  n.  glance  ai  figure.-  1 8;  J  and  184,  which  exhibit 
the  different  parts  of  the  apparaius  in  suction,  ii;i;.  l&j  representing  a  large 
furnace  with  Jive  vows,  and  fig.  md  a  siua-lev  furnace  with  throe  rows  of 
clay- burners. 

The  following  account   of  a  real  experiment  \tiir\serve  t.o  illustrate  the 
calculation  of  the  results  obtained  in  the  combustion  of  crystallized  sugar : 

Quantity  of  sugar  employed         ....  4-750  grains. 

l'oiash  apparatus  weighed  after  experiment,  .      781-13 

"  "         before  experiment      .         778-82 

Carbonic  dioitide     .         .         .         .         7-31 

Calcium-chloride  tube  after  experiment-      .         .         220-05 
"  nefore  experiment        .         .     22S-30 


Water 
7-31  gr.  carbon  dioxide =  1-994  gr.  < 

pr.  hydrogen  :    or  in  ]  00  parts  of  sugar 


10000 

When  the  organic  substance  cannot  lie  mixed  with  the  copper  oxide  in 
the  maimer  described,  the  process,  must  be  slightly  modified,  to  meet  the 
particular   case.      If,  for   example,  a  volatile   liquid   is   to   be  examined,  it 

is  encliisf it  iti  a  iiitle  glass  bulb  '.villi  annrrow  stent,  which  is  «chh'ii  before 
and  after  the  introduction  of  the  liquid,  the  point  being  hermetically,  sealed. 
The  comb usti on-l.ti be  must  have,  in  tliis  case,  a  much  greater  length;  and, 
as  the  copper  oxide,  cannot  he  introduced  hot,  it  must  be  ignited  and  cooled 
out  of  contact  with  (lie  air,  to  prevent  absorption  of  watery  vapor.  This 
is  most  conveniently  cO'ec'cd  by  trans  [erring  it,  in  :i  heated  stale,  to  a  large 
platinum  crucible  (o  which  a  closely  lifting  cover  can  bo  adapted.      When 


with  Its  stem  broken  at  a,  a  file-scratch  having  heen 
previously  made  ;  and,  lastly,  the  tube  is  filled  with 
tho  cold  and  dry  copper  oxide.  It  is  arranged  in 
tho  chauffer,  the  calcium-chloride  tube  and  potash 
apparatus  adjusted,  and  then,  some  six  or  eight 
inches  of  oxide  having  heen.  hoitled  to  redness,  lite 
liquid  in  the  bulb  is,  by  the  approximation  of  a  hot 
coal,  expelled,  and  slowly  converted  into  vapor, 
which,  in  passing  over  the  hot  oxide,  is  completely 
burned.  The  experiment  is  then  terminated  in  the 
ueual  manner.     Fusible  fatly  substances,  and  vola- 

es,    as   camphor,  require  rather   different   management, 

here  described. 

-on  of  mgar,  QjHaOVi, » 
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HMlvcscn 6-43 

Oxygen       ......    tjr-tfl 
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Copper  oxide  which  1ms  been  used,  may  be  easily  restored  by  moistening 
with  nitric  acid,  and  igniting  In  redness;  it-  becomes,  in  fact,  rather  im- 
proved than  otherwise,  as,  nftcv  frequent  oiiijiIfivuitMit.,  its  density  is  increased 
and  its  troublesome  hygroscapic  po«  ers  diminished,  for  substances  which 
are  very  difficult  uf  combustion,  from  Ihe  large  proportion  of  carbon  they 
contain,  and  for  compounds  into  which  chlorine  enters  as  a  constituent, 
fused  and  powdered  lead  chromale  is  very  advantageously  substituted  for 
the  copper  oxide.  Lead  chromaic  freely  gives  rip  oxygen  to  combustible 
matters,  and  even  evolves,  when  strongly  heated,  a  little  of  that  gas,  which 
thus  ensures  the  perfect  combustion  of  the  organic  body. 

Anubts'.K  of  Azothed  Sabsitmcrs.  — The  presence  of  nitrogen  in  an  organic 
compound  is  easily  ascertained  by  1  l n ; i. r i t i ;jt  a  small  portion  with  solid  potas- 
sium hydrate  in  a  test-tube;  the  nitrogen,  if  present,  is  converted  into 
ammonia,  which  may  bo  recognized  by  its  odor  and  alkaline  reaction. 
There  are  several  methods  of  determining  ilic  proportion,  of  nitrogen  in 
aiotiied  organic  substances,  the  experimenter  being  guided  in  his  choice 
of  means  by  the  nature  of  the  substance  and  its  comparative  richness  in 
that  element.  The.  ca.rbou  and  hydrogen  are  first  dotecmined  in  the  usual 
manner,  a  longer  tube  Hum  usual  being  employed,  and  lour  or  live  inches 
of  its  anterior  portion  tilled  with  copper  tuvnines,  rendered  perfectly  me- 
tallic by  ignition  in  hydrogen:  this  serves  to  decompose  any  nitrogen  oxide 
that  may  be  formed  in  the  act  of  combustion,  During  the  experiment, 
some  idea  of  the  abundance  or  paucity  of  the  nitrogen  may  be  formed, 
from  the  number  of  bubbles  of  iiicoutle  usable  gas  which  ir  a  verses  the  solu- 
tion of  potash. 

In  the  case  of  compounds  abounding  in  nhrogen,  and  readily  burned  by 


copper  oxide,  a  method  maybe  employed,  w  xieh  is  ve-y  easy  of  execution:  this 
consists  in  determining  Ihe  ratio  he  rim  by  the  liberated  nitrogen  to    -T,    ls- 
the  carbon  dioxide  produee.i  in  ihe  combustion.   A  tube  of  hard  glass,       "' 
of  the  usual  diameier.  and  ahoul  15  inches  long,  is  sealed  at  one  end  ;        II 
a  little  of  the  organic  substance,  mixed  ■■■,  ith  cooper  oxide,  is  intro- 
duced, and  allowed  lo  occupy  about,  two  inches  of  the  lube;  about 
as  much  pure  oxide  is  placed  over  it,  ami  then  another  portion  of         |j 
a  similar  mixture;    after  which  the   tube  is  filled  up  with  a  second      Jv. 
and  larger  portion    of  pure   oxide,  and  a  quantity  of  spungy  me-    (       1 
tallic  copper.     A   short  bent  tube,  made   movable  by  a  caoutchouc    V  J" 
joint,  is  fitted  by  a.  perforated  mirk,  and   made,  to  dip  info  a  mer-       1 
curial  trough,  while  I  lie  comb  us  lion -I  it  be  i  I  self  vests  in  the  chauf- 
fer (fig.  386). 

Fire  is  first,  applied  to  the  anterior  part  of  the  tube,  containing 
ihe  metal  and  unmixed  oxide,  and.  when  this  is  red-hot,  to  the 
extreme  end.  Combustion  of  the  first  1)01-11011  uf  the  mixture  takes 
place,   the   gaseous    products    sweeping    before,    them  nearly    the 


u 
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whole  of  the  air  of  the  apparatus.  When  no  mom  gas  issues,  IK?  tuba 
is  slowly  heated  by  half  an  incli  at  a-  tune,  in  the  usual  manner,  and  all 
the  gas  very  carefuiiy  cn!leo'.c.:i  iii  ji  graduated  jar,  mit.il  i.lio  operation 
is  at  an  end.  The  volume  is  then  rend  off,  and  gome  strong  solution  of 
caustic  pot.nsb  thrown  up  itiro  the  jur  by  :i  /,-;i-;"e  ivit.]i  a  curved  extremity. 
When  (he  absorption  is  <.."iiip'i.:re.  the  residual  volume  of  nitrogen  is  ob- 
served, and  compa.red  ivir.ii  that  of  the  mixed  gases,  proper  correction 
being  made  for  differences  of  level  in  the  mercury ;  and  from  those  data 
the  exact,  proportion  borne  by  the  nitrogen  to  tbe  carbon  can  be  at  once 
determined.* 

If  the  proportion  of  nitrogen  bo  but  small,  the  error  from  the  nitrogen  of 
the  residual  atmospheric  air  becomes  so  greai  as  lo  destroy  all  eonlidenee 
in  the  result  of  the  experiment :  a  nil  the  -aine  tiling  happens  when  the  sub- 
stance is  incompletely  burned  by  copper  oxide  :  other  means  must  then  be 
employed. 

The  iibsnlutc  method  of  determination,  a.] so  known  by  the  name  of  Dumas' 
method,  may  be  hud  recourse  to  when  ihc  foregoing,  or  comparative  method, 
fails  from  the  first,  on  use  mentioned:  it.  gives  excellent,  results,  and  is  ap- 
plicable to  all  azotized  substances. 

A  tube  of  good  Mohemian  glass,  2.S  inches  long,  is  securely  sealed  at  one 
end ;  into  this  enough  dry  aci:i  M.iinn  carbonate  is  put  to  occupy  G  inches. 
A  little  pure  copper  oxide  is  next  introduced,  md  afterwards  the  mixture 
of  oxide  and  organic  substatiCc,  die  weight  of  lite  latter,  between  4-5  and  3 
grains,  in  a  dry  stale,  having  been  correctly  del  ermine  d.  The  remainder 
of  the  tube,  amounting  to  nearly  one-bail'  of  its  length,  is  then  filled  up 
with  pure  copper  oxide  ami  spunky  metal,  ami  a  round  cork,  perforated  by 


a  piece  of  narrow  tube,  is  securely  adapted  to  its  mouth.  This  tube  is 
connected  by  means  of  a  caoulolioue  joint,  with  a  bent  delivery-tube,  a,  and 
the  combustion- tube  is  arranged  in  the.  furnace.      A  few  coals  are  now  ap- 
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Iwd,  tu  yield,  lan-lcn  Jiuxiili'  ii.uil  n:lL-ej-::iL  in  the  [iruinircimi  l>y  vi 
je  of  nitrogen  in  cuir^fiii:  is  thercfurts  r—  X  19-48  =  SS-S3. 
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plied  to  the  further  end  of  the  tube,  bo  as  to  decompose  a  portion  of  the 
acid  sodium  carbonate,  the  itii.;iii::i''r  of  the  carbonate,  as  well  as  of the  other 
part  of  the  tube,  bring  protected  from  the  beat  by  a  screen  n.  The  current 
of  carbon  dioxide  thus  produced  is  intended  to  expel  all  the  air  from  the 
apparatus.  In  ovder  m  ascertain  that  ibis  objeol.  on  which  the  success  of 
1  lie  whole  opera  1  ion  depends,  is  ;,ccoui|di-l;c;i,  1  lie  delivery-  fisln-  is  <\i-pvu:--.-:l 
under  the  level  of  a  mercurial  1  cough,  anil  the  gas,  which  is  evolved,  col- 
lected in  a  tesl-mbe  Idled  with  concentrated  poiash-snlurion.  If  the  gas 
be  perfectly  absorbed,  or  if,  after  the  introduction  of  a  considerable 
quantity,  only  a  minute  bubble  be  left,  Ihe  air  may  be  considered  as  ex- 
pelled. The  next,  step  is  to  till  a  graduated  glass,  jar  two-thirds  with  mer- 
cury and  one-third  with  a  strong  solaiiori  oi"  potash,  and  to  invert  it  over 
the  delivery-tube,  as  represented  in  fig,  188. 

This  done,  fire  is  applied  to  ihe  mho,  commencing  at  the  front  end,  and 
pad-cLlly  proceeding  ro  Ihe  closed  extremity,  which  si  ill  conlains  some  tin- 
decomposed  acid  sodium  earh-natc.  This,  when  the  lire  at  length  reaches 
it,  yields  up  carbon  dioxide,  which  chases  forward  the  nitrogen  lingering 
in  the  tube.  The  carbon  dicixiiic  generated  durin;:  the  combustion  is  wholly 
absorbed  by  the  potash  in  the  jt'.r,  and  nothing  is  left  but  the  nitrogen. 
When  the  operation  is  at  an  end,  the  jar,  with  its  contents,  is  transferred 
to  a  vessel  of  water,  and  the  volume  of  rite  jiitrogon  read  off.  This  is  pro- 
perly corrected  for  temperature,  pressure,  and  aqueous  vapor,  and  its 
weight  determined  by  calculation.  When  the  operation  has  been  very  suc- 
cessful, and  all  precaution?  minutely  observed,  the  result  still  leaves  an 
error  in  excess,  amounting  to  ')■■■>  or  05  per  cent.,  due  to  the  residual  air 
of  the  apparatus,  or  that  condensed  in  the  pores  of  the  copper  oxide.  . 

A  most  elegant  process  toe  estimating  nitrogen  in  al!  organic  compounds, 
except  those  containing  the  nitrogen  in  I  ho. for  in  of  nil  reus  acid  or  nitrogen 
tetroxide,  and  in  some  oceanic  bases:  lias  been  put  in  practice  by  "Will  and 
Varrentrapp.  When  ::.  non-azoti/cd  organic  substance  is  heated  to  redness 
with  a  large  excess  of  polussium  or  sodium  hydrate,  it.  suffers  complete 
and  speedy  combustion  at  the  expense  of  the  water  of  the  hydrate,  the 
oxygen  combining  with  tfio  carbon  of  the  organic  mutter  to  form  carbon 
dioxide,  which  is  retained  by  ihe  alkali,  while  lis  hydrogen,  together  with 
that  of  the  substance,  is  d  is  engaged,  sotner  imes  in  union  with  a  little  carbon. 
The  same  change  happens  when  nitrogen  is  present,  but-  with  this  addition: 
the  whole  of  the  nitrogen  thus  abandoned  combines  with  a  portion  of  the 
liberated  hydrogen  lo  form  ammonia.  It  is  evident,  therefore,  that  if  this 
experiment  be  made  on  a  weighed  quantify  of  matter,  and  circumstances 
allow  the  collection  of  the  whole  of  the  ammonia  thus  produced,  the  pro- 
portion of  nitrogen  can  be  easih   calculated. 

An  intimate  mixture  is  made  of  1  part  caustic  soda  and  2  or  3  parts 
quicklime,  by  slaking  lime  of  good  rpiaiiry  villi  the  proper  proportion  of 
strong  caustic  soda,  drying  the  mixture  in  an  iron  vessel,  and  then  heating 
it  to  redness  in  an  earl  hen  crucible.  The  igoilod  mass  is  rubbed  to  powder 
in  a  warm  mortar,  and  carefully  preserved  from  the  air.  The  lime  is  useful 
in  many  ways:  it  diminishes  the  tendency  of  Ihe  alkali  to  deliquesce, 
faaili tales  mixture  wilh  the  organic  substa.nee,  and  prevents  fusion  and 
liquefaction.  A  proper  quantity  of  the  substance  to  be.  analyzed,  namely, 
from  &  to  10  grains,  is  dried  and  accurately  weighed  out:  this  is  mixed  in 
a  warm  porcelain  mortar  with  enough  of  the  soda-lime  to  fill  two-thirds 
of  an  ordinary  combustion-tube,  the  mortar  being  rinsed  with  a  little  more 
of  the  alkaline  mixture,  ami,  lastly,  villi  a  small  quantity  of  powdered 
glass,  which  completely  removes  every!.'. ii:g  adhercni  to  iis  surface;  the 
tube  is  then  filled  lo  within  an  inch  of  the  open  end  with  the  lime-mixture, 
and  arranged  in  the  chauffer  in  the  usual  manner.  The  ammonia  is  col- 
lected in  a  little  apparatus  of  three  bulbs  (tig.  189),  c 
strong   hydrochloric   acid,    attached    by    a   cork    to 
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Matters  lieing  Urns  adjusted,  lire  is  applied  t«  I  ho  lube,  commencing  with, 
the  anterior  extremity.  "When  it  is  ignited  throughout  its  whole  length, 
and  when  no  gas  issues  from  the  ap- 
paratus, ihe  point  oflhc  tube  is  bro- 
■*  ken,  and  a  little  ah-  drawn  through 
the  whole.  The  acid  liquid  is  then 
emptied  into  a  capsule,  the  bulbs 
rinsed  into  the  same,  first  with  a, 
little  alcohol,  and  then  repeatedly 
with  distilled  ivmcr;  an  excess  of 
pure  platinic  chloride  is  added,  and 
the  whole  evaporated  to  dryness  id 
a.  water-bath.  The  dry  mass,  when  cold,  is  t roared  with  a  mixture  of 
alcohol  and  ether,  which  dissnlves  out.  the  superfluous  platinum  chloride, 
but  leaves  untouched  rhe  yellow  cryslalline  ammonium  platinoehlorido. 
The  latter  is  collected  upon  a  small  weighed  tiller,  washed  with  the  same 
mixture  of  alcohol  and  ether,  dried  si  100"  C.  (2Vla  f'.j.  and  iveis'hed;  I  fit') 
pans  correspond  to  'r212  parts  n!'  nitrogen.  'Or,  the'  salt,  ivilh'  its  tiller 
may  Vie  very  carefully  igniled,  I  Ft u  Idler  burned  in  a  plnr  ilium  crucible,  and 
the  nitrogen  reckoned  item  the  weight  of  the  spongy  metal,  100  parts  of 
tliar.  substance  oorraspnnding  to  li-lti  parls  of  nitrogen.  Tiie  former  pian 
is  to  be  preferred  in  most  cases. 

Bodies  very  rich  in  nilrogeu,  as  urea,  mi  ml.  be  mixed  with  about  an  eijnal 
quantity  of  pure  sugar,  to  furnish  incondensable  gas.  and  thus  diminish 
i  lie  violence  of  the  absorpliou  which  otherwise  ocoiirs  :  ami  I  he  same  pre- 
caution must  be  taken,  for  a  uill'crent  reason,  with  those  which  contain 
little  or  no  hydrogen. 

A  modification  of  Ibis  process  ha?  been  suggested  by  Poligoi,  which  is 
very  convenient  if  a  large  number  of  nitrogen-determinations  is  to  be 
made.  I5y  this  plan,  lhc  ammonia,  instead  of  being  received  in  hydro- 
chloric acid,  is  conducted  into  a.  known  volume  j  1.0  to  20  cubic  centimetres) 
of  a  standard  solution  of  sulphuric  acid,  contained  in  lite  ordinary  uit.ro- 
geii-huilis.  Alter  trie  combustion  is  finished,  the  acid  containing  i ho  am- 
monia is  poured  out  into  a  beaker,  colored  with  a  drop  of  tincture  of 
litmus,  and  then  neutralized  with  a  standard  solul  ion  of  soda  in  water  or 
of  lime  in  sugar-water,  the  point,  of  neutralization  heenmiug  pcrcopliblo 
by  the  sudden  appearance  of  a  blue  tint.  The  linic-solul  inn  is  conveniently 
poured  out  from  the  graduated  giass  tube,  described  under  the  head  of 
Alkalimetry,  The  volume  of  lime-slduiion  necessary  to  neutralize  the 
same  amount  of  acid  thai,  is  used  for  condensing  I  lie  ammonia,  having  been 
ascerl allied  by  a.  preliminary  experiment,  it.  is  evident  that  rlie  difference 
of  the  quantities  used  in  the  two  experiments  gives  the  ammonia  collected 
in  the  acid  during  the  eorsduisl  ion.  The  amount  of  nitrogen  may  llius  be 
calculated,  if,  for  instance,  an  acid  be  prepared,  containing  20  -Trains  of 
pure  hydrogen  sulphate  (SO.,!!,)  in  IWld  grain-measures —  Ui/>  grain-meas- 
ures of  this  acid  —  the  quanlily  introduced  into  the  bulbs  —  correspond 
to  1-ilH  grains  of  ammonia,  ur  1  ■.!■!  grain-'  of  nitrogen.  The  alkaline  solu- 
tion is  so  graduated  that.  IfKX)  grain-measures  will  exactly  neutralize  the 
U(J0  grain-measures  of  the  standard  acid.  If  vie  now  liiul  that  the  acid, 
partly  satti rated  with  the  ammonia  disengaged  daring  the  coin  bus:  ion  of  a 
nit  ro-euous   substance,  requires   oulv  7(;i)  grain-measures   of  the  alkaline 

200   x  300 
solution,  it  is  evident  that-    ■  yj™    ~  =    CO    grain -measures    were   .sittti- 

vated  by  the  ammonia,  and  the  quanlily  of  nitrogen  is  obtained  by  the  pro- 

1-14  X  60 
portion  —  200:  M4  =  G0:  x,  wherefore  a;  =  -—7Jgjj =  0-342   grains  of 
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Estimation  of  Sulphur  in  Organic  Componndi.  —  When  bodiea  of  this  class 

containing  sulphur  are  burned  with  copper  oxide,  a  stiiall  tube  containing 
lend  dioxide  may  be  interposed  bem  ecu  this  calcium  -chloride  tuba  and  the 
potash  apparatus,  to  retain  any  sulphurous  acid  (hat  may  be  formed.  It 
ia  better,  however,  to  use  load  chronuue  in  such  ..vises.  The  proportion  of 
sulphur  is  determined  by  .-...viJi /-iijj;  a.  known  wo-glii  of  the  substance  with 
strong  nitric  acid,  or  by  fusion  in  a  silver  vessel  with  ten  or  twelve  times 
its  weiehi.  of  pure  potassium  hydrate  and  half  as  mueli  nitre.  The  sul- 
phur is  thus  c olive rk'd  into  sulplmric  aeid,  the  quantity  of  which  nan  bo 
determined  by  tlissuhiiisr,  the  fused  mass  in  water,  acidulating  with  nitric 
acid,  and  adding  a  barium  salt.  I'hf.sphvrns  is,,  in  like  manner,  oxidised  to 
phosphoric  acid,  the  quantity  of  which  is  determined  by  precipitation  as 
aunnouio-magnesian  phospha-.e,  or  otherwise. 

Estimation  of  Chlorine.  —  The  case  of  a.  voladle  liquid  containing  chlor- 
ine is  of  very  frequent  occurrence,  and  may  be  taken  as  an  illustration, 
of  the  general  plan  of  proceeding,  Tbe  combustion  with  copper  oxida 
must,  be  very  carefully  conducted,  and  two  or  three  inches  of  the  anterior 
portion  of  the  tube  kept  cool  enough  to  provoui  volatilization  of  the  copper 
chloride  into  the  calcium-chlorine  lithe.  bead  eliminate  is  much  better 
for  the  purpose.  The  chlorine  is  eoi  reelly  determined  by  |ilaeiu;r.  a  small 
weighed  bulb  of  liquid  in  a  com  hu«  I  ion-lube,  which  is  afterwards  filled  with 
fragments  of  pure  quicklime.  The  lime  is  brought,  to  :i  red  heat,  and  the 
vapor  of  the  liquid  driven  over  it,  when  the  chlorine  displaces  oxygen  from 
the  lime,  and  gives  rise  to  calcium  chloride.  When  cold,  the  contents  of 
the  tube  are  dissolved  in  dilute  nitric  acid,  filtered,  and  the  chlorine  pre- 
cipitated by  silver  nitrate. 

Bromine  and  iodine  arc  estimated  in  a  similar  manner. 


EMPIRICAL  AND  MOLECULAR  FORMULA. 

A  chemical  formula  is  (or d  linpintui  when  if.  merely  (rives  (he  simplest 

possible  expression  of  the  composition  of  the  substance  to  which  il  refers. 
A  molecular  formula,  on  the  contrary,  expresses  (he  absolute  number  ofi 
atoms  of  each  of  lis  elements  supposed  to  bo  contained  in  the  molecule,  as 
well  as  the  mere  relations  existing  between  them.  The  empirical  formula 
is  at  once  deduced  from  the  analysis  of  the  substance,  reckoned  to  100 
parts;  but  to  determine  the  molecular  formula,  other  considerations  must 
be_  taken  into  account.:  namely,  the  combining  or  saturating  power  of  the 
compound,  if  it  is  aeid  or  basic;  the  number  of  atoms  of  any  one  of  its 
elements  (generally  hydrogen)  which  may  be  replaced  by  other  elements; 
the  law  of  even  numbers,  which  requires  that  the  sum  of  the  numbers  of 
atoms  of  all  the  porissad  elements  (hydrogen,  nitrojron,  chlorine,  (xc.)  con- 
tained in  the  compound  shall  be  divisible  by  '2  ;  and  the  vnjjor-density  of 
the  compound  (if  it  be  vol  aide  without  decomposition;  which,  in  normally 
constituted  compounds,  is  always  halt"  the  molecular  weight  (p.  229). 

The  molecular  formula  may  either  coincide  with  the  empirical  formula, 
or  it  may  be  a  multiple  of  the  hitler.  Thus,  (he  composition  of  acetic  acid 
is  expressed  by  the  formula  ('11,0,  which  exhibits  the  simplest  relations  of 
the  three  elements ;  but  if  we  want  to  express  the  quantities  of  those,  in 
atoms,  required  to  make  up  a  molecule  of  acetic  acid,  v,c  have  to  adopt  the 
formula  CjlljO,:  for  only  one-fourth  of  the  hydrogen  in  this  acid  is  re- 
placeable by  metals  to  form  salts,  C,llaKu„.  fur  example;  and  its  vapor  - 
density,  compared  with  hydrogen,  is  nearly  ;ii>,  w  iiieb  is  half  the  weight  of 
the  molecule, C.,n40.,^2. 12  +  4. 1  +  2.16.  Again,  Ihe  empirical  formula 
of  benaeneisCll;    but  this  contains  an  uneven  number  of  hydrogen  atoms; 
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and,  moreover,  if  it.  expressed  the  weight-  (if  tiie  r.o'.ocule  of  benzene,  the 
vapor-density  of  that  compound  should  tie  — ^-  =  6-5,  whereas  experi- 
ment shows  that  if.  is  six  limps  as  jaea,-,  nv  cental  to  ",?<-.  hence  the  molecular 
fo  vi  i  ml  it  of  benzene,  is  C,ETe. 

The  deduction  of  an  empirical  fur  nulla  fnou  the  nhaaiile  analysis  is  very 
ensy  ;  the.  case  of  sugar,  already  cited,  may  lie  Intra  us  an  example.  This 
substance  coma  inn,  nccciabr;;.'  io  the.  aualvn!>,  in  li'Jll  parts  — 


If  each  of  these  qrmntuios  he  divided  by  (he  atomic  weight  of  the  corre- 
sponding clement,  tin;  ([uotionls  will  express  the  relations  existing  between 
the  numbers  of  atoms  of  the  lhvee  elements  :  these  lire  aft  in1  wards  reduced  to 
their  simplest  expression.  This  is  1  lie  only  pa  it.  of  rhe.  o  .ilculation  attended 
with  any  difficulty.  If  the  numbers  were  rigidly  correct,  it  would  only  be 
necessary  to  divide  caeh  by  the  ^veaiost  divisor  common  to  the  whole;  as 
they  arc,  however,  only  appiai.-^mjuvo,  some  1 1  dug  ia  of  necessity  left  to  the 
j'ldginoni.  of  tin-  experimenter. 
In  the  case  of  sugar,  we  hare 

41-98  6'48  61-69 

or  850  atoms  carbon,  (i  to  atom;  hyih'ogori,  and  'iil'2  atoms  oxygen.  Now  it 
ia  evident,  in  the  first,  place,  that  the  hydrogen  ac.;i  oxygen  are  present  in 
the  proportions  tu  form  water,  or  twice  as  many  atoms  of  the  former  as  of 
the  latter.  Again,  the  atoms  of  carbon  and  hydrogen  are  nearly  in  the 
proportion  of  12  :  22,  so  that  the  formula  C,,!!,,/),,  appears  likely  to  be 
correct.  It  is  now  easy  to  see  ho-.v  far  this  is  admissible,  by  reckoning  it 
hack  to  100  parts,  comparing  the  result,  w'lh  the  numbers  given  by  the 
actual  analysis,  and  obscr\  hg  whet iter  the  difference  falls  fairly,  in  direction 
and  amount,  within  ilie  limits-  of  error  of  what  may  bo  termed  a  good  ex- 
periment, viz.,  two  or  three-tenths  per  eont.  i7:\ '■',-■  ■'.-. /ci/  \i\  t.he  enrbon,  and 
not  more  than  one-tenth  or  two-tenths  per  cent,  racws  in  the  hydrogen: 

Carbon          .          .          .          .  12  X  12  =  144 

Hydrogen        .         .         .        .       1  x  22  =    22 
Oxygen 16  X  11  =  176 


842  :  144  =  100  :  42-11 
342  :  222  =  100  :  6-43 
342  :  176  =  100  :  51-48 

Organic  acids  and  salt-radicals  have  their  molecular  weights  most  fre- 
quently de term i mat  liy  an  analysis  of  their  lead  and  silver  suits,  by  burning 
these  latter  with  suita'c^e  prerantious  in  :i  Ihiu  porcelain  capsule,  and  noting 
the  weight  of  the  lead  o\idc  or  mot  a  Ilie  silver  left  behind.  If  the  lead  oxide 
be  mixed  with  globules  of  reduced  metal,  tiie  quantity  of  the  latter  must  be 
ascertained  by  dissolving  away  i In;  oxide  with  acetic  acid.  Or  the  lead  salt- 
may  be  converted  into  sulpha Le,  and  (.he  nil ver  compound  into  chloride,  and 
both  metals  thus  estimated.      An   organic   base,  on  the   contrary,  has  ii 
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i   mineral 


Laving  the  characters  of  neutrality. 

The  rational  and   coiisiiiniiouiil    i'oi-tiii:JLC  of  organic  compounds  will  b 
considered  further  on. 


DETERMINATION  OF  THE  DENSITY  OF  VAPORS. 

The  dclernunafiou  of  1  lie  specific  grimly  of  I  lie  vapor  of  a  volatile  Sub- 
stance is  frequently  a  point  of  grt.it  impovianco,  inasmuch  as  it  gives  the 
means,  in  conjunct.:  (in  with  the  an  A  lysis,  of  representing 
the  constitution  of  the  substance  I'.v  measure  in  a  gaseous 
state.  The  following  is  u  sketch  of  the  plan  of  operation 
usually  followed  :  —  A  light  glass  globe  about  three  inches 
in  diameter  is  taken,  ami  its  nook  softened  and  drawn  out 
in  the  blowpipe-  Iliune,  as  represented  in  tig.  100:  this  is 
accurately  weighed.  About  one  hundred  grains  of  the 
volatile  liquid  arcUiei)  introduced,  by  gettlly  warming  I  lie 
globe  and  dipping  the  point  into  the  liquid,  which  is  then 
forced  upwards  Jjy  tin;  pressure  of  (he  air  as  the  vessel 
cools.  The  globc'is  next  firmly  attached  by  wire  to  a  han- 
dle, in  such  a  manner  that  if  may  be  plunged  into  a  bath 
of  boiling  water  or  healed  oil,  and  steadily  held  with  the 
point  projecting  upwards.  The  bath  must,  have  a  temper- 
ature considerably  above  that  of  the  boiling  point  of  the 
liquid.  The  latter  becomes  rapidly  converted  into  vapor, 
which  escapes  by  the  narrow  orifice,  chasing  before  it  the 
air  of  the  globe.  When  the  issue  of  vapor  has  wholly 
ceased,  and  the  temperature  of  the  bath,  carefully  observed,  appears  pretty 
uniform,  the  open  ent.romiiy  of  the  point  is  hermetically  sealed  by  a  small 
blowpipe-name.  The  globe  is  removed  from  Hie  bath,  suffered  to  cool, 
cleansed  if  necessary,  mid  weighed,  after  which  the  nee!-:  is  broken  oft'  be- 
neath the  surface  of  water  which  litis  been  boiled  and  cooled  out  of  contact 
of  air,  or  (better)  of  mercury.  The  liquid  enters  the  globe,  and,  if  the 
expulsion  of  the.  air  by  the  vapor  Ims  been  complete,  nils  it-;  if  otherwise, 
an  air-bubble  is  left-  whose  volume  can  be  easily  ascertained  by  pouring  the 
liquid  from  (he  globe  into  a  graduated  jar,  ami  t  hen  refilling  the  globe,  and 
repeating  the  same  observation.  The  capacity  of  Hie  vessel  is  thus  at  the 
same  time  known:  and  these  are  all  the  data  required,*  An  example  will 
render  the  whole  intelligible. 


31-61  cubic  inches. 


Determination  of  the  Vapor-Dcrmty  of  A 
Capacity  of  globo     .  ' 

Wcight'nf  globe  tilled   with  dry  air  at    52°   F.  and  ■ 

30-J1  inches  barometer  .  .2070-S8  grains. 

Weight  of  globe  filled  with  vapor  at  21 2J  F.  temp,  of 
lim  bai.h  ar.  the  moment,  of  scaling  the  point,  and 
30-24  inches  barometer 2076-81  grains. 

Residual  air,  at  45°  F.,  and  80-24  inches  barometer  0-60  cubic  inches, 

nrM  volume  i>f  a  iierm.iiu.'ai  i_-:l^  ■    iiy'lie^'-u.  I'm:-  ii .-,1 .:  ji.:.-.  — J.'^.-n.  "f  ,''i'J  £%m.  .S'oi;.,  vol.  XV. 
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Hence,  weight  of  empty  globe,  KOTO'S: 


0-6  cubic  inch  of  air  at  45°  =  0-8  cubic  inch  at.  212°;  weight  of  do.  by  cal- 
culation =  0-JS.I  grain. 

31-61— 0-8  =  30-81  cubic  inches  of  vapor  a*  L'tf;0  ami  :.!0-24  in.  bar.,  which, 
0!i  the  supposition  Unit  i.l.  >;:0:1[<1  Iinlr  tm,!in:i  l'i  t'A'f  i:iihf,ii!  /■■/iii'/netiuii,  would, 
at  t.li fit  temperature,  ami  under  a  pressure  of  JO  inch,  bar.,  become  re- 
duced to  2418  cubic  inches. 

Hence, 

Weight  of  globe  and  vapor 207fi-810  grains. 

"  residual  air 0-101 

2076-619         " 
Weight  of  globe 2060-845 

Weightof  the  24-18  cubic  inches  of  vapor    .  .  .  15-774         " 

Consequently,  100  cubic  inches  of  Mmb  vn  [iut  must  neigh  65-23         " 

100  cubic  inches  of  air.  .aider  sirt;r';ir  circumstances,  weigh  31-01  " 

66-28 

•  =  2-103,  this  sure  if o  liitiv:'  v  of  the  vapor  in  uuosiion.  air-  being  unity. 

81-01 

Or,   the   weight  of   100  cubic   inches    of   bvdi-ogen   being    2-14   grains, 
66-28 
. =  30-44  is  the  specific-  gravity  of  accidie  vapor  referred  to  hydrogen 

In  the  foregoing  statement,  we  have,  for  the  sake  of  simplicity,  omitted 
a  correction,  which,  in  very  exact  experiments,  must-  not  be  lost  sight  of, 
■viz.,  the  expansion  ntiil  change  oi'  capacity  of  Ibe  glass  globe  by  the  ele- 
vated temperature  of  the  bath.  The  density  so  obtained  nil  I  be  always  on 
ibis  account,  a  little  too  high. 

The  error  of  the  mercurial  Thermometer  ai  high  temperatures  is  in  the 
op|'i.ifi:e  direction. 

The  preceding  method,  which  is  that  of  Dumas,  is  applicable  to  the  de- 
termination of  the  vapor-den  si  lies  of  all  substances  whose  boiling  points  arc 
within  the  range  of  the  mercurial  thermometer,  thai  is  to  say,  not  exceed- 
ing 300°  C.  (572°  1''.),  and  therefore  to  nearly  ad  volatile  organic  compounds: 
indeed,  there  are  but  few  sucli  comnouuiis  which  eau  bear  higher  tempera- 
tures without  decomposition.  Tint,  for  mineral  substances,  such  as  sulphur, 
iodino,  volatile  metallic  chlorides,  kc,  ii  is  of  leu.  accessary  to  employ  much 
higher  temperatures;  and  for  such  eases  a  modification  of  the  process  has 
been  devised  by  llcville  and  Troost,  .It.  consists  in  using  a  globe  of  porce- 
lain instead  of  glass,  heating  it  in  the  vapor  of  a  substance  whose  boiling 
Eoint  is  known  and  cons! ant,  and  sealing  I  he  globe  by  (he  tlaitie  of  the  usy- 
ydrogen  blowpipe.  The  vapors  employed  for  this  purpose  are  those  of 
mercury,  which  boils  at  1150°  (.'.  WW-  V.\\  of  sulphur,  which  boils  at  440°  C. 
(821=  F.);  of  cadmium,  boiling  at  b'iitr  I  i  il-WO^  I-.);  of  zinc,  boiling  at  1040= 
C.  (1900°  F.|.  The  use  of  these  liquids  of  cotis1:iiiI.  boiling  point  obviates 
the  necessity  of  determining  the  temperature  in  each  experiment,  which  at 
such  degrees  of  beat,  woribl   be  very  difficult. 

In  the  processes  a  hove  described.  I  be  density  of  a  vapor  is  determined 
fay  weighing  the  quantity  of  the  vapor  contained  in  a  vessel  of  known  ca- 
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parity.  Another  method,  devised  by  Ga.y-Lussao,  consists  in  ascertaining 
the  volume  occupied  by  a  given  %-.-t;ijj;hi.  of  .substance  when  heated  up  to  a 
iviiiiim-iHiirc  considerably  above  its  boiling  point.   ■ 

Tlie  density  of  a  vapor  referred  to  air  us  unity  may  be  converted  into 
that  which  it  baa  compared  with  hydrogen,  by  dividing  by  0-0B926,  the 
specific  gravity  of  hydrogen  referred  H.i  air  as  unity. 

The  vapor-density  of  ;i  compound  ihus  determined,  that  is  to  say,  the 
weight  of  a  unit-volume,  of  its  vapor  cosiipitvcl  "ith  that,  of  hydrogen,  is 
found  to  be  in  nearly  all  c;:sos  lialf  its  molecular  weight  ;  for  example,  the 
moloeular  weight  of  acetone,  C.HgO,  is  36  +  G  +  16  =  58,  the  half  of 
which  is  29,  or  nearly  equal  to  tiio  vapor-density  of  acetone  determined  by 
experiment.  Hence  ilie  law  already  slated  (p.  2'Z'.Y),  I  bat  the  molecules  of 
oil  normally  constituted  compounds  ii)  the  state  of  vapor  occupy  twice  the 
volume  of  an  atom  of  hydrogen. 

Some  compouui.b.  however,  exhibit  a  departure  from  ibis  rule,  their  ob- 
served soecitio.  gravities  hoiti™  equal  to  only  one-fourth  (heir  Tiinlcoulai' 
weights,  or  their  molecules  occupying  fniir  times  the  vnltime  of  an  atom  of 
hydrogen.  Such  is  the  ease  with  ^nl-urnuinniae,  .Ml, ('I,  phosphorus  pent.a- 
chloride,  PC16,  sulpliurio  a.on.1.  W,H.,.  amiuonium-sulph-hydrate,  SH(NH,), 
and  a  few  others.  This  anomaly  is  probably  due,  in  simie  cases  at  ieasl,  to 
a  decomposition  or  ■'  dissociation7'  of  the  compound  nl  the  high  tempera- 
ture to  which  it  is  subjected  for  ilie  d  etc  ru,i  nation  of  its  vapor-density; 
KH,C1,  for  example,  splitting  up  into  SH,  and  !H;l,  each  of  which  occupies 
two  volumes,  and  tlie  whole  therefore  four  volumes;  and  in  like  manner 
SO.H.  may  bo  supposed  to  separate  into  S03  ami  Oil.,:  PC1S  into  PCI,  and 
CI,;  SH(NIf4)  into  Srl^  and  NH„  &c. 

On  the  other  hand,  some  substances,  both  simple  anil  compound,  exhibit, 
at  temperature!!  not  far  above  then1  boiling  points,  vapor-densities  consider- 
ably greater  than  they  should  have  according  to  the  general  law,  whereas 
when  raised  to  higher  teiuueraiures  tliev  exhibit  normal  vapor-densities. 
Thus  sulphur,  which  boils  at  440=  C.  {fi-24"  I'.),  exhibits  at  11)00°  C.  (1832° 
P.),  like  elementary  gases  in  general,  a  vapor-deusilv  erpial  to  its  atomic 
weight,  viz.,  32  (see  p.  229) ;  but  at  titXP  IJ.  (03i!a  F ')  its  vapor-density  is 
nearly  three  times  as  great.  Again,  n.cetio  acid,  I'.Jifi.^  whose  molecular 
weight  is  24  -|-  4  -|-  1(3  =  oO,  has.  at  temperatures  cousidornhly  above  its 
boiling  point,  a  va.poi-dousily  nearly  equal  to  SO;  but  at  12a°  C.  (257"  P.), 
8°  C.  (14°  F.)  above  its  boiling  point  .its  vapor-density  is  rather  more  than 
45,  or  IJ  times  as  (treat..  This  anomalous  inerease  of  vapor -density  appears 
tn  take  plane  when  the  subsliinee  approaches  ils  liquefying  point,  at  which 
also  it  exhibits  irrcguiaritics  in  its  rate  of  expansion  and  contraction  by  varia- 
tions of  pressure  and  temperature  —  at  which,  in  short,  it.  begins  to  behave 
itself  like  a  liquid;  but  at.  higher  temperatures  it.  exhibits  the  physical 
characters  of  a  pcrfecl  ga.s,  and  I  hen  also  its  .specitio  gravity  becomes  normal. 
There  are  two  elements,  however,  nam  eh  .  pho  sub  onus  and  arsenic,  which, 
at  all  temperatures  bil  herto  attained,  exiLil.it  a  vapor- density  twice  as  great 
as  they  should  have  according  to  the  general  law,  that  of  phosphorus  being 
always  02,  and  that  of  arsenic  lot).  This  has  been  explained  by  supposing 
that  the  molecule  of  each  of  i  hose  clem  on  is  in  the  free  state  contains  4  atoms 
instead  of  two,  as  is,  the  ease  with  most  elementary  bodies :  thus  the  mole- 
cule of  phosphorus  is  supposed  to  be  represented  by  the  formula 
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Organic  bodies  are,  per,  era' iy  so  ca^in  p.  ifisMiigu'-hod  by  the  facility  with 
which  they  decompose  mi1  Irr  she  inline  nee  of  hen  I-  or  of  chemical  reagents  : 
the  more  complex  the  body,  the  more  easily  Joes  ii-  undergo  decomposition 

1.  ^lc<!on  of  IIe.nl.  —  Organic  bodies  of  simple  constitution  and  of  some 
permanence,  bin  nut  capable  ot'siibl'.tolu^  unchanged,  iiko  many  of  [lie  organic 
acida,  yield,  when  exposi  d  t.n  jl  lii^-ii,  !cil  n^uAii-J  I  ■:-m  |  niMdire,  in  a  retort, 
new  compounds,  perfectly  dolini:e  ;ni'l  obei:  ci  ysi  alii/able,  width  partake, 
to  a  certain  extent.,  oftlie  peopcriics  of  t  lit:  original  substance:  the  numer- 
ous pyre-acids,  of  which  many  exam  o'.cs  will  on  our  in  the  succeeding  pnyos. 
are  thus  produced.  Carbon  dioxide  jliic!  Muter  are  often  eliminated  under 
t.heae  circumstances.  If  the  heat,  bo  suddenly  raised  In  redness,  the  regu- 
larity of  the  decomposition  vanishes,  while  l!io  products  become  more  un- 
ccrtr.il.   :>~A   more   numerous;    carbon   dioxide   mid  watery  vapor  are  suc- 

ir.Tiiimmahie  i;i-'';.  is  carbon  monoxide  and  hydrocarbons;  oily 
matter  anil  tar  distil  over,  and  Increase  in  quantity  nnlil  the  close  of  the 
ipperutirii,  when  the  veiort  is  found  so  contain,  in  most  eases,  a  residue  of 
Charcoal.      Such  is  dry  or  dis/nii-tiiic  distillation. 

If  (he  organic  substance  contains  nitrogen,  anil  is  not  of  a  kind  capable 
of  ink. r-i,;  a  new  and  Herman  en  t  form  at  a  moderate  titmice,  of  heal,  then 
that  nitrogen  is  in  most,  instances  partly  disengaged  in  ihc  shape  of  ammo- 
nia, or  substances  analogous  to  it,  partly  lcf'i  in  combination  with  the  car- 
bonaceous matter  in  t.lte  distillatory  vessel.  The  products  of  dry  distillation 
thus  become  still  more  complicated. 

A  much  greater  degree  of  regularity  is  observed  in  the  effects  of  heat  on 
fixed  organic  matters,  ivhon  these  are  previously  mixed  with  an  excess  of 
strong  alkaline  base,  :is  potash  or  lime.  In  sueb  ease,-  an  acid,  the  nature 
of  which  is  chiefly  dependent,  upon  the,  temperature,  applied,  is  produced, 
and  remains  In  union  iviili  the  base,  the  res' do  id.  element  or  elements  escap- 
ing in  some  volatile  form.  Tims  ben/.oio  acid  distilled  with  calcium  hy- 
drate, at  a  dull  red  hear,  yields  calcium  carbonate  and  benzene;  woody 
fibre  and  caustic  potash,  heated  to  a  very  moderiilc  leinponllure,  yield  free 
hydrogen,  and  a  bra  v.  n,  s.pini'wr.ni  nidotii.it  c  siic-tance  called  vlmio  arid ; 
with  a  higher  degree  ■  I  lieui.  main:  acid  appears  in  -'.ho  place  of  the  ulmic  ; 
and,  at  the  temperature  «i  ig-uii  pi.,  carbon  uio.xide,  hydrogen  being  the 
other  product. 

2.  Action  of  Oxyg'r  ■  Oxygen,  either  free  or  in  the  nascent  slate,  in 
which  latter  condition  il  is  moat  active,  may  act  on  organic  compounds  in 
four  different  ways: 

a.  By  simple  addition,  as 


.  By  simply  removing  hydrogen  : 


CEH60 

..V.i-oh".. 

+  0  = 

■  OH, 

:    +    C„H(0 

Aldehyde. 

ig  hydrogen  : 

of  oxygen;  . 

0,HjO  ■ 

mil  taliii 
[-  0,  = 

igits 

OHj 

place,  2  atom: 

+  CJJ.O, 

Acetic  acid. 
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I,  By  removing  both  carbon  and  hydrogen.  In  this  manner  complex 
organic  bodies  containing  large  lumber-  of  ■: ; r i  ■  ■  1  > ! :■  I l  and  .hydrogen  atoms  are 
reduced  to  other?  of  simpler  constitution,  and   ultimately  the  carbon  and 

hydrogen  are  wholly  converted  into  carbon  dioxide  ami  water.  Nitrogen, 
chlorine,  bromine,  and  iodine,  if  present,  are  at  tho  same  time  disengaged, 
for  the  moat  part  in  the  free  stall-,  ri.ni)  sulphur  is  uiidized. 

Moist  organic  substances,  e-ueoiaUy  tioisc  coalaioiue-  nitmeen.  undergo, 
when  exposed  to  Ilie  air,  a  glow  process  of  oxidation,  by  which  the  organic 
matter  is  gradually  burned  and  destroyed  without,  sensible  elevation  of 
temperature;  this  process  is  called  Decoy,  or  Eremactmia.  Closely  con- 
nected with  this  cliango  are  those  called  Frym.eiifMion  and  J'ti-trffueiiuii,  con- 
sisting in  it  new  arrangement  'if  the  elements  uf  the  compound  (often  with 
assimilation  of  the  elements  of  water),  and  the  consequent,  formation  of  new 
products.  The  diarize  is  called  pulrejaetvui,  when  it  is  accompanied  by  an 
offensive  odor;  fermentation,  when  no  such  odor  is  evolved,  and  especially 
if  lire  change  results  in  the  formation  uf  nsefui  ptoducts:  thus,  tiie  decom- 
position cf  iL  dead  body,  or  of  blood  or  mine,  is  |Uil  refaction;  that  of  frro  po- 
jniee  or  malt-wort,  which  yields  alcohol,  is  fermentation;  Putrefaction 
and  fermentation  are  no  I  prooes.se  -of  nxhbtliuti  ;  never'  holess,  the  presence 
of  oxygen  appears  to  be  indispensable  to  their  commencement;  but  the 
Change,  when  once  begun,  proceeds  without  the  aid  of  i.ny  other  substance 
external  to  the  decomposing  body,  unless  it  be  leatov  nrits  elements.  Every 
case  of  putrefaction  ihns  begins  with  decay;  and  if  t.lie  decay,  or  its  cause, 
namely,  the  absorption  of  oxygen,  lie  prevented,  no  put  refaction  occurs. 
1'he  most  putresciblo  substances,  as  animal  iie.sh  intended  for  food,  milk, 
and  highly  uzotized  vegetables,  are  preserved  indefinitely,  by  enclosure  in 
metallic  cases  from  which  the  air  has  been  eoinyMehj  removed  and  excluded. 

Fermentation  and  putrefaction  are  always  accompanied  by  the  develop- 
ment of  certain  living  organisms  uf  the  fungous  class;  but  whether  the 
growth  of  these  is  a  cause  or  a  consequence  of  the  chemical  change  is  a 
point  nat  vet  decided.  We  shall  return  to  this  subject  in  speaking  of  the 
fermentation  of  sugar, 

■S.  Action  of  Chlorine.  Bromine,  and  Jo  dine.— Chlorine  and  bromine  exert 
precisely  similar  actions  on  organic  bodies;  that  of  chlorine  is  the  more 
energetic  of  the  two.     The  reactions  oonsist: 

a.   In  simple  addition  of  chlorine  or  bromine  tn  the  or^iiuic  molecule;  e.g. : 


C1H101  -f  Brs 

—  CaH,Er,04 

Fu  marie 

Dibromo  s  uecinio 

acid. 

acid. 

(J.  In  removal  of  hydr-egen  with  nut  substitution: 


y.  In  Substitution  of  chlorine  or  bromine  for  hydrogen; 

CsH,Os  -j-  CI,  =  HC1  +  C,HaC10, 

Acetic  Chloracetic 

acid,  acid. 

C^O,  +  3C1S  =  3HC1  +  C,HC1,0, 
Acetic  Trichloracetic 

acid.  acid 

The  subst.ituiion-pvouiicis  Huts  formed  undergo  transformations  closely 
analogous  to  those  of  the  original  compounds,  under  the  influence  of  simi- 
lar reagents;  but  they  are  always  mure  acid,  or  less    basylous,  in  propor- 
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thin  tn  11k;  1511:1  n1  ii  v  ■.■:'  (:!:.lc.j'iu»  i.r  li;oliiil:.i'  -r.h.i  i::.lioii  fur  bv'lnisiT'i.  Thus 
aniline,  C0H,N,  which  ii  a  strong  base,  may  In:  converted,  by  processes  to 
bo  hereafter  ds:seribed,  into  I  lie  ehlo  limited  compounds,  ( .'y U 6t MN ,  CBHSC15N, 
and  C,H401SK,  tliu  first  and  second  of  which  tire  loss  basic  than  aniline 
itself,  while  the  third  does  not  show  an;  tendency  to  form  salts  with  adds. 

i.  In  presence  of  water  the;  remove  the  hydrogen  of  that  liquid,  and  set 
free  the  oxygen:  hence,  chlorine-water  und  hi'i.nLiinc-v.ui.cr  act  as  powerful 
oxidizing  ;s stents. 

Iodine  may  also  act  in  litis  imititier  as  an  oxidizing  agent;  and  it  some- 
times attaches  itself  direct  !y  to  oi-yiLHi  e:  mo!  tonics  ;  lint  ii  never  acts  directly 
by  substitution.  Iodine  fiiibstitii[.i(.m-pnidiicls  may,  liowover,  be  obtained 
in  some  cases  by  trent  in;;  u^a  nie  bo  dies  with  chloride  of  iodine,  the  chlor- 
ine then  removing  lij-el rr.tfrcri,  and  the  iodine  Inking  its  place. 

4.  Action  of  Nitric  Acid.  — -This  acid  uds  very  powerfully  on  organic  sub- 
stances.     The  action  may  be  of  three  kinds: 

a.   Direct  combination,  us  with  organic  bases;   e.g.: 

C2II,N     +     SOjH     s=     C„H,N.N03H 
Ethylamine.        Nitric  E  thy  lam  in  e 

0.  Oxidation.     This  mode  of  action  is  most  frequently  observed  with  the 

somewhat  diluted  acid. 

y.   Substitution  u:   iiitryl.  i'>"0,'i  for  hydrogen;   e.g.: 

CJ,    +     N02(OH)     =     OH,    +     CeH6(NOj) 

Benzene.       Nitric  acid.  Nitrobenzene. 

C6Hto°5    +    SNOjfOH)    =    30HS   +     CflH,(NOa),06 

Cellulose.         Nitric  acid.  Tritrocellulose 

(gun-cotton). 

This  action  takes  place  most  vcadily  with  the  strongest  nitric  acid  (pure 

hydrogen  nitrate).    The  products  (tailed  nUro-™i>,}mmul!)  arc  always  easily 

eomhus'ible,  n.nd'in  many  cases  highly  explosive. 

5.  Action  of  Altukw.  —  The   hydrates  of  potaaah 
organic  bodies  in  a  great  V! 


of  whUili  are  the  t'ollowiii 
a.  By  direct,  combinui  U 

g;  — 

CO 

mom^idc. 

+ 

OKH       = 
Potassium 
hydrate. 

CHKO, 

l'litussiiiru 

formate. 

Cl0IIMO 

l';i]ii£ili"L'. 

+ 

OKH          = 

Pornssinm 
hydrate. 

O^iT^KO., 

Vi:l  :issii;i;l 

If,   By  double   decompo 
sa'.t  i:ro'lnoe.d: 

sitior 

l  with  acids,  Wat 

;r  being  cli 

C2Hs05.H         + 
Acetic  acid. 

OKH      =        OH, 

+          t 
I 

y.  Oxidation,  with  elimination  of  hydrogen: 

C,H,0    +     OKH    =    C,H(KO,    +     S 

Alcohol.  Potassium 

I.  From  chlorinated  compounds  they  remove  a  part  c 
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ijHgCl      +      KCl      +       OH, 


sodium  salt  of  the  corresponding  jicitl  is  produced: 

NHj    -[-     CsHaO.OK 


eated  with  alkaline 


6.  Action  of  Raduriiuj  Agai-s.  —  This  name  <-.  given  io  bodies  whose  action 
is  the  inverse  of  tlmr  of  oxygen,  chlorine,  bromine,  and  iodine;  such  arc 
nascent  hydrogen,  obtained  by  the  action  fit'  sodium-amalgam  oti  water,  or 
by  that  of  zinc  on  aqiumus  at: "ids  or  alkalies :  also  hydrogen  sulphide,  am- 
monium sulphide,  sulphurous  acid,  and  nietuls,  especially  potassium  and 
sodium,  all  of  whioh  either  give  up  hydrogen,  or  ;ibs:raoi.  oxygen,  chlor- 


C-H.O.    +     HH     =     OH,    -f     C-H.0 

Beu7oic  Benzoic 

acid.  aldehyde, 

y.  By  fmbstitui.hig  hydrogen  for  oxygen,  chlorine,  &e.  This  process  is 
called  inverse  subsliltUk'ii.  II  mav  taltu  pUcc  cither  in  equivalent  quanti- 
ties; e.  ff.i 

C,HsO  .  OH     +    2HH    =    OH,    +     C,H,  .  OH 
Benzoic  Bcuiylia 

acid  alcohol 

or  it  may  happen  that,  the  quantity  of  hydrogen  introduced  is  only  half 
that  which  is  equivalent  to  ihc  oxygon  removed.  This  mode  of  substitu- 
tion takes  place  with  nitro-compoiim.ls,  u-hivh  are  thereby  reduced  to  others 
containing  amii.logen,  [MTj,  in  place  of  nitryl,  (NO,) ;   thus: 

C8H5(NOJ     +     3HS     =     20H,    +     CBH5(NH,) 
Nitrobeuieno.  AniidobetiJene 

A  largo  number  of  organic  rases  are  forrocd  in  ibis  manner  from  nitro- 

7.  Action  of  Dclmihuiiii;/  jl,r/<^».  — Sirong  sulphuric  acid,  sulphuric  oxide, 
phosphoric  oxide,  and  7! ho  chloride  remove  oxygen  and  hydrogen  from 
organic  bodies  in  the  form  of  water,  the  elements  of  which  are  derived, 


yf  Google 
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sometimes  from  a,  single  molecule  of  tbe  orujunic:  body,  sometimes  fi'i 
molecules ; 

C,H60    —    OH;    =     0SS4 
AloohoL  Ethene. 

2C.,H60    —    OHa    =    C«HwO 
Alcohol.  Ether. 

Compounds  wliio.lt,  like  suttiir,  stat-eh,  and  wo;"]}'  fibre,  consist  of 
united  with  hydrogen  ami  i  ivy  gen  in  the  proportions  to  form  wat 
often  reduced  by  these  dehydrating  agents  us  black  substances  tui; 
mainly  ii:'  carbon. 

Other  result! otis  of  less  genevalily  than  iliose  above  described  will  b 
ciently  illustrated  by  special  oases  ill  the  sequel. 

CLASSIFICATION   OF   ORGANIC  COMPOUNDS.  — ORGANIC 

The  classification  of  organic  compounds  is  bused  upon  the  equivalence  or 
atomicity  of  carbon.  Tins  element,  is  a  Lolrad,  being  capable  of  uniting 
with  at  most  (bur  a.torns  of  hydrogen  or  other  nioniitoinic  elements.  Me- 
thane or  marsh  gas,  Oil,,,  is  therefore  a  sal  urn  ted  hydro-carbon,  not  capa- 
ble of  Uniting  directly  witli  chlorine,  bromine,  or  oilier  monad  elements, 
but  only  of  exchanging  a  part,  or  the  whole  of  its  hydrogen  for  an  equiv- 
alent quantity  of  another  monad  element.  II  may,  however,  as  already 
explained  (p.  235),  lake  up  any  number  of  dyad  elements  or  radicals,  be- 
cause such  a  radical  introduced  into  iiny  group  of  alums  whatever,  neutral- 
izes one  unit  of  cquivalcttoy,  and  mills  ;mui  lu;r,  leaving  therefore  the  com- 
bining power  or  equivalence  of  the  group  just  the  same  as  before.  Ac- 
cordingly, the  hydro-carbon,  (111,,  may  lake  up  any  number  of  molecules 
of  the  bivalent  radical,  CM,,  thereby  giving  rise  to  the  series  of  saturated 
hydro -carbons, 

CH4,        C,H„        C3n8,         C4HW  .  .  .  .  C  Harf,.* 

A  series  of  compounds,  the  terms  of  which  differ  from  one  another  by 
CH2,  is  called  an  htnHologom  strim.  There  are  many  such  series  besides  that 
of  the  hydro-carbons  just  mentioned  :  thus  methyl-chloride,  CIISC1,  gives 
by  continued  addition  of  CIIS,  the  series  of  chlorides, 

CH3CI,        CjH5Cl,        CaH,Cl,         C,H(C1  .  .  .  C  HSn+  CI; 
and  from  methyl-alcohol,  CIL.O,  is  derived  in  like  manner  the  series  of 
homologous  alcohols, 

CH40,         CjlLjO,         CjII80,         C«HloO  .  .  .  CBHj,+  0. 

The  terms  of  the  same  homologous  scries  resemble  one  anotber  in  many 
respects,  exhibiting  similar  transformations  under  the  action  of  given  re- 
agents, and  a  regular  gradation  of  properties  from  the  lowest  to  the  high- 
est; thus,  of  the  hydro-carbons,  C„  1L:,  |.;,  the  lowest  terms  CH„  CSH„  Olid 
CjHg.  are  gaseous  al  ordinary  temperatures,  the  highest,  containing  20  or 
more  carbon-atoms,  are  solid,  while  (lie  intermediate  coin  pounds  are  liquids, 
becoming  more  and  more  viscid  mid  less  vnbtile,  as  they  contain  a  greater 
number  of  carbon-atoms,  and  inhibiting  a  constant  rise  of  about  20°  C. 
(36°  F.)  in  their  boiling  points  for  each  addition  of  Cli,  lo  the  nioleculo. 

The  Saturated  hydro-carbons,  tl„  lb„-K  may,  under  various  circumstances, 
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be  deprived  of  two  atoms,  or  one  molecnle,  of  hydrogen,  thereby  producing 
a,  caw  homologous  series, 

CHS,         CaH4,         CSIT6,         C4HB  .  .  .  C.Ha,, 
These  are  unsaturated  niolecult'!;,  having  i'.ra   units  of  equivalency  uncom- 
bined,  and  therefore   acting   as   bivalent    rad  kails,  capable  of  taking  up  2 
aloms  of  chlorine,  hi  on  line,  or  oilier  univalent  radicals,  and  1  atom  of  oxy- 
gen or  oilier  bivalent  radical. 

The  first  term  of  this  last  series  cannot  give  up  2  atoms  of  hydrogen 
without  being  reduced  to  the  atom  of  carbon;  !nu  the  remaining  terms  may 
each  give  up  '1  atoms  of  hydrogen,  atrl  thus  give  rise  to  the  series, 

C,II„         C,H„         CjH,  ....  C,H^_,. 
each  term  of  which  is  a  Cjuadrivalont.  radical. 

And,  in  like  maimer,  by  successive  ab-i  cuciions  of  If,,  a  number  of  ho- 
mologous; sei.ics,  may  be  formed  whoso  general  ierins  are 

CnnSn+Sj     CH1".    CH.^,,    CqHta_,  .  .  .  .  &e. 

The  individual  series,  iss  far  as  Q,  are   given  in  the   following  table,  to- 
gether with  the  names  proposed  for  diem  by  Dr.  Hofmann:* 
CH4  CH, 

Methane  Mcthene 


CaHs          CjH«           C,Ha 
Ethane      Eiliene      Ethine 

C,IIS         C,H,         C3H4 

C„H, 

Propane    Fropene    Propina 

Propone 

C,HM         C,HB           C4H? 

C4H4       C4H2 

Qunrtano  (Jtinrienc  Qaariim 

i  Quarlone  Qnartm 

CSH12        CjH,,,        CSHE 

C6HB        C6H, 

Quintano  Q.iiinrone    Quintnil 

Quintona  Quintun 

C,HM        C9H,5        CSH10 

CeHe        CeH8 

Sextane     Sextene    Scxtino 

Sexton e    Sestuni 

cBrr4      c0hs. 

Each  vortical  column  of  this  table  forms  rs  homologous  series,  in  which 
the  terms  differ  bv  ('[[,,.  and  each  hori/.ooial  iioo  an  Lvh'w'hs  strut,  in  which 
the  successive  terms  differ  by  11,.  The  bodies  of  these  last  series  are 
designated  as  the  monocarbon,  dioarbou  group,  &c. 

The  formula)  in  the  preceding  table  represent  hydrocarbons  all  of 
which  are  capable  of  existing  in  tlio  separate  suite,  mid  many  of  which 
have  been  actually  obtained.  They  are  ail  derived  from  saturated  molo- 
cules,  C.Itia+j.  by  abstraction  of  one  or  mnra  pmrn  of  hydrogen -atoms. 

But.  a  saturaied  hydrocarbon,  Cflr  for  example,  may  give  up  1,  2,  3,  or 
any  number  of  hydrogen-atoms  in  exchange  for  other  elements;  thus  marsh 
gas,  CH4,  subjected  to  tho  action  of  chlorine  under  various  circumstances, 
yields  the  substitution- products, 

CItaCl,  CHaCla,  CHC13,  CC14, 

which  may  be  regarded  as.  compounds  of  ehlorine  with  the  radicals, 

(CH3)',  (CH,)",  (CH,)'",  C; 

and  in  like  manner  each    hydrocarbon  of  the  series,  C„  Haa+2,  may  yield  0, 
series  of  radicals  of  the  forms, 

(C,  Hfc+1)',        (0„  H5n)",        (C,  IL,,_, }'",        (CH^,)*,  &e. 

each  of  which  hos  en  equivalent  value,  or  combining  power,  t 
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with  the  mimlier  of  hy i E ro.^:«n -sit ci ru s  ab-iriioied  from  the  original  hydros 
carbon.  Those  of  even  equivalence  ci'iitaiu  oven  numhers  of  hydrogen- 
atoms,  and  are  identical  in  com  position  villi  those  in  i  he  table  above  given; 
but.  those  of  uneven  ccitiiva'.eiice  oomain  odd  numbers  of  hydrogen-atoms, 
and  aro  incapable  of  existing  in  the  separate  state,  except,  perhaps,  as 
double  molecules  (p.  288). 

These  hydrocarbon  radical  of  uneven  equivalence  are  designated  by 
names  ending  in  >/!.  those  of  she  univalent  radicals  being  formed  from  me- 
thane, ethene,  &c,  by  changing  the  termination  am  into  yl;  those  of  the 
trivalent  radicals  by  changing  the  final  r  '.n  tin!  names  of  the  bivalent 
radicals,  methene,  it,  inio  yl,;  and  similar!;  i'er  the  rest.  The  names  of 
the  whole  series  will  therefore  be  as  follows:  — 

CH4      (CH,)'      (CHS)"      (CH)'" 
Methane  Methyl     Methene  Methenyl 

C3H„     (C  H6)'     (C=H4)"     fC.H,)'"     (CJI5)"     (CJI)' 
Ethane      Ethyl        Ethene       Ethenyl       Whine       Ethinyl 

C3H8     (CSH.)'     (C3II8)"     (W"     (C0H4)*     (0,11,}'    (CaH,)"   (C.H)* 
Propane  Propyl     .1'i'oponc    I'rupcuvl    Proa,  no  .1'ropiny.  Propone  l'j'oponyl. 
&c.  &0.  &0. 

From  these  hydrocarbon  radicals:,  others  of  the  same  decree  of  equiva- 
lence may  be  derived  by  partial  or  total  replaeetaeni  of  the  hydrogen  by 
other  elements,  or  toiii|iiiuuil  radicals.  Tims  from  propyl,  C3H,,  may  be 
derived  the  following  univalent-  radicals:  — 

CaHaCI  CjHjCl,  CBH60  CjH2Cl30  C3ir6(CN)' 

Cbloropropyl    Tetrnchloro-    Ox;  propyl         Trichlor-  Cyanopropyl, 

propyl  oxy propyl 

C,IT6.-XO.,l  CaH4{NH,)0  C3tr,(CHs)  C;!II6fC;il5'i, 

^ilrnpropyl  Auiido  sv propyl       Mel  liyipn.ipyl       !Diethylpr..,pyl. 

From  the  radicals  above  mentioned,  all  welt-defined  organic  compounds 
may  be  supposed  to  be  formed  by  combination  and  -ubsiiiution,  each  radical 
entering  into  combination,  just  like  an  elementary  body  of  the  same  degree 
of  equivalence. 

Organic  compounds  may  thus  be  arranged  in  the  following  classes: 

I.  Ilijihocarli.riF.  milninhig  e.<:«r<  mimh/rs  of  lydrogat  iitoms.. — These  are  the 
compounds  tabulated  on  page  407:  they  are  sometimes  regarded  as  hy- 
drides of  radicals:  containing  uneven  numbers  of  hydrogen  atoms;  e.  g.: 

Methane,  CH4     =     CH,  .  H,  Methyl  hydride. 

II,  Haloid  E titers.— Compounds  of  hydrocarbons  with  halogens  ;   e.  g. : 

CI13C1  C,H4Br3  CjlTJ, 

Methyl  chloride.  Ethene  bromide.  Propenyl  iodide, 

These  compounds  av  oflen  formed  by  direct  pulist itut.ioii  of  chlorine,  bro- 
mine, &c,,for  hydrogen  in  hydrocarbons  containing  even  numbers  of  hydro- 
Ill.  Alcohols.  —  Compounds  uf  hydrocarbon  radical;  ;  hence  called  alcohol 
ratiie.ah),  with  bydroxyl;   e.g.: 

CjH.tHO)  (C2H4)"(HO),  (C,H6)'"(HO)s 

Eilivi  aloohul.  Eiiiene  a'cuboi  1'ropenvl  alenhol 

(Gljeol).  (flljoertn). 

These  compounds  may  be  formed  from  the  corresponding  haloid  ethers,  by 
the  action  of  water  or  alkalies,  just  as  nieiallie  hydrates  are  formed  from 
the  corresponding  chlorides,  &c. 

Hnsteo  by  G00gk 
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IV.  Oxygen  Ethers,  or  Alcoholic  Oxides.  —  Compounds  of  hydrocarbon 
radicals  with  oxygen;   e.g. ; 

(CAKO  (CaH,)"0  (CaH5)'"sOj 

Ethyl  Kthene  rropenyl 

oxide,  oxide,  oxide. 

These  ethers  arc  vphiii.nl  to  the  alcohols  in  ibe  same  manner  as  anhydrous 
metallic  oxides  to  tin:  corresponding  hydrates  or  liyi.lry laics,  and  lnay.be 
formed,  in  many  Snsta.nees,  b_y  direct  dehydration  of  the  alcohols,  as  by  the 
action  of  sulphuric  acid,  zinc  chloride,  &e. 

V.  Sulphur  atiil  SrJfii'i/m  A.'rn/nh  j: ml  J-U.'irrs.  —  Cut:] ponr.df  rinali.joais  in 
eumposiiion  to  Ihc  oxygen  alcohols  and  cilicrs,  the  oxygon  hoiui;  rcpiae.cd 
by  sulphur  or  selenium.  The  sulphur  ami  selenium  tileoiioh  are  alio  called 
mcrcaptans. 

VI.  Jlwrf  IFalidex.  —Compounds  of  oxygenated  radicals  (acid  radicals) 
with  chlorine,  bromine,  &c. ;  e.  g.  : 

C,H,0 .  CI  (C,H,05)"Clj  (f6HsO)/"Cla 

i„~[.,l  «,.„..;... .1  Cir.^.l    ,.|,lr,,.i,l„ 


of   phu.-phor 

VII.    Organic  Acids.  —  Compounds  of  oxygenated  radical*  with  hydroxyl; 


These  compounds  are  forme il  hi  a  variety  of  ways ;  among  others,  by  oxi- 
dation of  alcohol.-,  and  by  lite  action  of  water  on  the  corresponding  acid 
h  a]  ides,  jiini  us  a'.cehols  urc  formed  from  a'.coholic  chloride?.  A  very  large 
number  of  them  c\isl    ol.-u    ready-formed  in  the.  bodies  of  plants  and  ani- 

The  hydrogen  in  ilie  radicals  of  these  acids  re  ay  lie.  re  ore  or  le-s  re  place;  I 
by  chlorine,  bromine,  iiilrvl,  {NO,i,  and  other  chlorous  radicals;  thus, 
from  benzoic  acid,  C7iT5..lIO,  are  derived; 

C,H4C10.  HO        C,H,(NO,)0.  IIO        C,H6(NH,)O.HO 

Ch!  .ruber:  zoic  .Nil  rnhiOizeic  A  rj:,nol  u-ir/oic 

acid.  acid.  acid. 


VIII.  Acid  Oxides,  someliiucs  called  Anhydrous  achh,  or  Anhydrides; 

(GJBfi)fl  (C!II1Oi)"0  (C,H30)(C7iI50)0 

Aoeiie  o\ele.  ivicoiuic  oxide..      Acetoben/.oio  oxide. 

These  are  related  to  the  acids  in  the  same  manner  as  the  oxygen-ethers  to 
the  alcohols,  and  are  formed  from  them  in  some  instances  by  direct  dehy- 
dration. 

IX.  Ethereal  Srilts,  also  ea'.led  Ooinpcvnd  Ethers.  —  Compounds  formed. 
from  acids  by  BubBtii.ui.io"  of  alcohol  radical.-  for  hydrogen,  just  as  metallic 
salts  are  produced   by  subsiitutiuu  of  metals  for    the  hydrogen  ill  acids; 

O.HaOs.H  SOj.HH  P04.HHH 

Acetic  Sulphuric  Phosphoric 

acid.  acid.  acid. 


y/  Google 
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sulpbale. 

liioliiylic 
sulphate. 


4.  V..   IfoOeJiaJl 

Monotliylic 

PO,.  (C-H.l-H 

Uietllyl.C 
p]iii-ii:i:i:f. 

Trierliylio 
phosphate. 
1  acid  or  the  correspo tiding 


inds  intermediate  between  alcohols 

anso  CjHjO  caH4o, 

Ethyl  Ac  e  lie  Acetio 

alcohol.  aldehyde.  acid. 

They  are  produced  by  osHnrinn  of  a'coliols,  and  are  reconverted  into  the 

latter  by  the  action  of  nascent  hydrogen.     By  further  oxidation  they  are 

converted  into  aeids. 

XL   Ketones.  —  These  aw  indie-  derived  f i ■ . ■  1 1 1  aldehydes  by  the  replace- 
ment of  1  atom  of  hydrogen  by  an  alcohol  radical;  e.g.: 

Acetic  ketone  or  Acetone,  C3HaO  =  C2IIa(CHs)0. 
They  are  produced  by  the   dry  distillation  til'  the   calcium   or  barium  salts 
1   '   ■    ■' ■  ■■  '■    ■'■■■■■'■"   '  ■■ itioned  fur- 


XII.  Amines,  also  ealiod  Ak-ohnl-hi!:,i-n,  or  ('n.-i/nutnd  niniinitii'ts. —  Com- 
pounds of  alcohol  radicals  with  amidogen,  (ML;',  imidogen,  (NH)",  and 
trivalent  nitrogen;   e.g.: 

C,H,.  H2N  (C.HJ,.  HN  (C,HS)3N 

LVnyLua.iite.  Dieuiyla-mtio.  Triet.iiyiat^ne. 

(C,H,)".  (tf,N)9         (0,6/',.  (HN)2  (C,fI4)"2.N2. 

Eth  en  e-di  amine.  Diethene-diamine.       Tricthene-diamine. 

The  modes  of  formation  of  these  bodies  will  be  explained  hereafter. 
They  are  mostly  of  basic  character,  and  eupahle  of  forming  salts  with 
acids,  like  ammonia-,  IljK,  from  which  ihey  may,  iu  fact,  be  derived  by 
substitution  of  alcohol  radicals  for  pan.  or  the  whole  of  the  hydrogen. 
Those  iu  which  the  hydrogen  is  wholly  lliu-s  replaced  are  called  nitrilea; 
and  among  these  special  mention  iiiusi  he  made  of  a.  group  consisting  of 
nitrogen  combined  with  a  frivaient.  hydrocarbon  radical,  such  as~ 
{CH)'"N  (q,H9)'"N  (CaH5)"'N 

Methenyl  Ethenyl  Propenyl 


liiu-ile. 


These  nitr'des  have  no  basic  properties,  but  are  all  neutral,  except  the 
first,  which  is  a  monobasic  acid,  eapablo.  of  exdisiti^inj*  its  hydrogen  for 
metals,  and  in  litis  diameter  may  be  regarded  as  a  compound  of  hydrogen 
with  the  univalent  radical  cyanogen  —  i:=Ji  :  it  is  aeoon.lingly  named  hy- 
drogen cyanide,  or  hydrocyanic,  add.  and  the  other  uiLriks  homologous  with 
it  are  the  ethers  of  this  acid;  thus: 
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Methenyl  nitrile,    (CH)'"N  =  CN.  H,  Hydrogen  cyanide, 

Kthcnvl  nilrile,     ((VV'"N         CN.Cll,.  Mellnl  nvaiiide, 
Propenyl  nitrile,  (CjHs)'"N  =  CN .  CaHs,  Ethyl  cyanide. 
:  metallic  cyanides  have  been  already  noticed  (p.  277). 


drogen  ia  more  or  loss  replaced  ljy  ulcoiiol  radicals ;  e.g.: 
HVO.HJff.Gl     Ethylammouium  chloride, 

N'iCall(Ui,Cl    liielhylammonium.  chloride, 
K '(CHS r3l-U;-l      TviMiiylaiiimomum  chloride, 
f.Vl.Vl,i  01         Tot.rethyiammonium  chloride, 
N.tCjHj^JfO)    Tetrctliylammoniumhydrylate. 
This  last  Compound  rind  its  analogue  •■.  contain  in;.'  me.iliyl,  amyl,  &C,  are 
powerful  alkalies,    obtainable    in    the    solid    state,    by  evaporation  of  their 
aqueous  solulions,    as   white    deliquescent,   crysius'iimj    masses   resembling 
caustic  potash. 

XIV.  Phosphorus,  Arsenic,  and  Aii!<hi'i>ii/  Giiiqwtnun,  analogous  to  the 
nitrosjeu.  compounds  XI  f.  and  XIII. ;  e.g.: 

P"/{CHi),  Aa'"(OA)8  SbW(C-Hj), 

Tri  ethyl  pkos-  Tri ethyl  Tri  ethyl 

P-(CHJ,C1  As-(CII3)(C2ns)3Cl  BbVC,H,}4(HO) 

Tctraincihyl-  .     JJetiiyl-tvietiiyl-ar-  Teli-ot.byl-sli- 

phosphonium  soniuin  chloride.  bonium  hydrate. 
chloride. 

XV.  Oiy<!!i.o-i>t'J>Ul>c  bod 'it.s.  not  nnnlo^nu-  10  ammaoia  or  ammonium 
salts.  —  Compounds  of  hydrocarbon  radicals  with  monad,  dyad,  and  loi.rad 
metals;  e.g.: 


z:.''i(:iiy., 

Zinc  ethido. 


Hg"(CH3)Cl  Sn"(C2tr6)C13  Sn^OlLU, 

Mercuric  chloro-  Stannic  cliioro-  Stannic  dimethyl 

methide.  triethide.  di- iodide. 


XVI.  Amides. — Compounds  exactly  analogous  to  (he  amines,  but  with 
acid  radicals  instead  of  a  If  uhol  radii: als  ;  those  which  i;ouiain  bivalent  acid 
radicals  combined  '.villi  itLiii.la.coii,  i.iN  II}'',  are  called  imides; 

Acetamide  OjH,0 .  HSN 

Diacetamido 

Succlnimide 

XVII.  AmicMiik  —  Acids  consisting  of  a  bivalent  or  triYalent  acid  rad- 
ieul  combined  with  hydroxyl  and  willi  amidogen;  e.g.: 


O.H.O.HjN       I       Succinamide        (C4H40,)".  (HJJ), 

(C,li3<>i„.  Il"\"  Tri  HucHriainide  i 'VljU/'--"  ■>."",  ' 

[l'Vl.,1  l.,)'-;.IIX         |       Cilramide  (C6H 50,)'" .  X"'. 


Each  of  the  classes  of  carbon  com|:n 
vided  into  homologous  and  isologous  gi 
are  far  from  being  complete. 

«  This  r.nmnr.mul  is  net  actual] v  known:  hv.t  i 
C6ll6().HS,  Has  Ire™  ubtumud. 
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The  preceding  classes,  most  i;t'  which  have  I  heir  analogues  amongst  in- 
Organic  compounds,  include  nearly  all  ; l i- r i j i c L ;i  1 1  y  prepared  organic  bodies, 
and  the  majority  ot  those  nreduoeil  in  the  living  organism.  There  are  still, 
however,  many  compi'iimis  liiriuc.t  ii;  the  i > ■■  > ■  i i ■■  ■  ^  of  plants  anil  animals,  the 
chemical  relations  of  which  are  ruit.  yet  sufficiently  well  made  out  to  enable 
us  to  classify  them  with  certainly.  ShuIl  is  [he  ease  with  many  vegetable 
oils  and  resins,  with  must  of  the  alkaloids  or  basic  nitregoniied  compounds 
found  in  plants,  such  as  morphine.,  quinine.,  strychnine,  &<j.,  and  several 
definite  compounds  formed  in  the  animal  organism,  as  albumin,  fibrin, 
casein,  and  gelatin. 

Rational  Fvrmuhi-  uf  Orffanic  Cmiipoiirrh  -  -Tt.  must,  be  distinctly  under- 
stood that  the  foriuuho  above  given  are  not  i  lie  only  ones  by  which  the 
constitution  of  the  several  classes  of  organic  compounds  may  be  repre- 
sented. Rational  f'ormuho  arc  in  tern  led  i  o  represent  the  mode  of  formation 
and  decomposition  of  ooiuix.iutuls.  and  the  relation  which  allied  compounds 
bear  to  one  another:  hence,  if  a  compound  can,  under  varying  circum- 
stances, split  up  into  different  atomic  gemps  or  radicals,  or  if  it  can  be 
formed  in  various  ways  by  the.  com  hi  nation  of  such  radicals,  different  ra- 
tional formula;  must  be  a-signcd  to  il.  This  poinl  has  been  already  noticed 
in  connection  with  the  constitution  of  metallic  sails,  and  illustrated  espe- 
cially in  the  caae  of  the  sulphate*  (p.  281) ;  btil  organic  compounds,  which 
for  tho  most  part  contain  larger  numbers  of  alums,  and  are  therefore 
capable  of  division  into  a  greater  number  of  groups,  afford  much  more 
abundant  illustration  of  the  same  principle.  Take,  for  example,  acetic 
acid,  the  molecular  formula  of  which  is  Cjll,Os.  This  may  be  resolved  into 
the  fiill'-Hving  rational  formula): 

1.  CjIIjOj.H. — This  formula,  analogous  to  that  of  hydrochloric  acid, 
CI.  H,  indicates  that  a  molecule  of  acetic  acid  can  give  up  one  atom  of  hy- 
drogen in  exchange  for  a  univalent  metal  or  ulcohel-  radical,  forming,  for 
example,  sodium  acetate,  C,HaOj.  No,  ethyl  acetate,  C.,HjO.C2II6,  &c ;  that 
two  moleoulesof  the  a.cid  may  give  up  two  hydrogen  atoms  in  exchange  for 
a  bivalent  me  I  al  or  nlcohu'.-radical.  J't.u-ni  :ti  r;  barium  acetate,  (CjHJ0!)sI}a//, 
ethene  acetate,  (C, 11 .0,1, .  iC.il,;",  &c. ;  in  other  words,  that  acetic  acid 
is  a  monobasic  acid  i'p."ii82). 

2.  CjHjO.IIO.  — '1'his  formula,  analogous  to  I  hat  of  water,  H  .  HO,  cor- 
responds to  such  reactions  as  the  formation  of  acetic  acid  from  acetic 
chloride  by  the  action  of  water  ; 

C2H30.C1  +  II.  HO  =  HC1  +  C.HjO.HO. 

3.  C2H,0.  H  .0.  —This  formula,  also  comparable  to  that  of  water,  HH.  O, 
corresponds  to  the   conversion  uf  acetic  acid    into   acetic   chloride,   hydro- 


CaH30 .  H .  0  +  PClj .  Cls  =  C.,11,0 .  CI  +  HCI  +  PCI.,0 ; 

ii  of  ih i acetic  acid.  (;.,1IS() .  II .  ft,  by  the  action  of  phos 
■:lc  ou  acetic  acid: 
5{C2Hj,0 .  H  .  0)-  +  PSS6  =  5{C,H,0 .  H .  S)  +  P,05. 

i.   (CsHj)'" .  HO  .  0.  —  This  represents  the  formation  of  acetic  acid  frot) 

cl)ieu;,i  niti-ile,  ;(:„U3)'//S,  liy  beating  wiili  caustic  alkalies: 

(CsHa)'"N  +  ™g°  j.  =  HHj  +  (CtHJ w.  0  .  HO. 
Ethenyl  Water. 

nitrite, 
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5.  (CHS .  CO)  .  HO.  —  This  formula,  in  which  the  radical  acetyl,  C,HaO, 
ia  resolved  Into  carbony!.  (CO'.i",  and  methyl,  corresponds:  a.  To  the  de- 
composition of  acetic  acid  by  el  oeiro  lysis,  v.i  which  hj  dro.i>en  is  evolved  at  the 
positive  pole,  while  carbon  ■  i i -: ■  k. j ■  1  o  and  ethane.  ('.J!,.,  ntipeur  at  the  negative: 
2(CO.CHj.HO)  =  Hs  +  C,H6  +  2COs, 
p.  To  the  production  of  methane  i'marsh  gits')  ]jy  heating  potassium  ace- 
tate with  excess  of  potassium  hydrate  (p.  169): 

CO.CH,.KO     +     HKO       =      CJT,     +     (CO)".(KO)a. 
>..,..    -  ....  '"-'ate.     Potassium       Methane.  Potassium 


hydrate,  carbonate. 

y.   To  the  production  of  ucerot'.o  ai::i  barium  carl- on  ate  by  the  dry  d 
lation  of  barium  acetate: 

(CO .  CII3)S .  BaOa    =     (CO)"(CH,)2     +     (CO)".BaOa. 
Barium  acetate.  Acetone,  Barium 

carbonate. 
Now,  on  comparing  those  several  rational  formula.1,  it  will  be  seen 
they  are  all  included  under  the  eonstitiitional  formula, 
H    0 


H— C— C- 


!— 0— H, 


in  whioh  the  molecule  is  resolved  into  iis  component  a  inn  is,  and  these  atoms 
are  grouped,  as  far  as  possible,  iicoording  i0  Mieir  different  equivalences,  or 
combining  powers.  These  cousfilulionni  formula  arc  i lio  nearest  approach 
to  the  representation  of  the  true,  const  it  ui  iu-i  of  a  compound  that  our  knowl- 
edge of  its  reactions  enables  us  lo  give ;  but  the  student  cannot  too  care- 
fully bear  in  mind  that,  they  a™  not  intended  to  represent  the  actual  ar- 
rangement of  tht  atoms  in  space,  Iml  only,  a.s  it  were,  their  relative  mode 
of  coudilnniion,  showing  vidiieh  atoms  are  combined  together  directly,  and 
which  only  indirectly,  tiiaf  is,  through  the  medium  of  olliers.  Thus,  in  the 
formula  of  acetic  ai'ii!,  :.t  is  seen  thai.  throe  of iho  hydro-ion  aiorns  art  united 
directly  with  the  carbon,  while  the  fourth  is  united  to  it  only  through  the 
medium  of  oxygen;  that  one  of  the  two  oxygen  atoms  is  combined  with 
carbon  alone,  the  other  both  with  carbon  and  with  hydrogen;  and  that  one 
of  the  carbon  atoms  is  combined  with  the  other  carbon  atom  and  with  hy- 
drogen; the  second  with  carbon  and  with  oxygen.  Abundant  illustration 
of  these  principles  will  bo  afforded  by  the  special  descriptions  of  organic 
compounds  in  the  following  pages. 

IsoMBiiisn.  —  Two  compounds  are  said  to  be  isomeric  when  they  have  the 
Same  empirical  formula  or  percentage  composition,  but  exhibit  different 
properties.  A  few  examples  of  isomerism  are  met  with  amongst  inorganic 
compounds;  but  they  are  much  more  niumrous  amongst  organic  or  carbon 
compounds. 

Isomeric  bodies  may  be  divided  into  two  principal  groups,  namely: 

A.  — Those  which  have  the  same  molecular  weight  ;  and  these  are  sub- 
divided into: 

a.  Isomeric  bodks,  sirictly  so  called;  turm.ly.  those  wdiieli  exhibit  analogous 
decompositions  anil  transform  a  lions  when  I  tea.;  oil  nr  subjected  to  the  action 
of  the  same  reagents,  mid  differ  only  in  phj  sical  properties.  Such  is  the 
oase  with  the  volatile  oils  of  turpeni  ine,  lemons,  juniper,  Sec,  all  of  which 
have  the  composition  t'](lIIll;,  resemble  each  other  closely  in  their  chemical 
reactions,  and  are  distinguished  chiefly  by  their  odor  and  their  action  on 
poiarked  light. 
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it.  Metameric  bodfcx,  wliicli,  with  the  sunn:  percentage  composition  and 
molecular  weight,  exhibit  dissituLlur  Iraoslonuati'iiH  under  similar  circum- 
stances. Thus  die  molecular  formula,  (J3U ((.),,  represents  three  different 
bodies,  all  exhibiting  different  modes  of  decompiHitiiui  under  the  influence 
of  caustic  alkalies,  via.,  (1 )  P topi  nolo  acid,  t.'3ll90  .  OIL,  which  is  converted 
by  caustic  potash.  at  ordinary  temperatures,  into  potassium,  propionate, 
CaH60.  OK.—  (2)  Methyl  acetate,  (";,Hj,0  .  Ol'lIa.  a  neutral  liquid  not  acted 
upon  by  potaab  at.  common  temperatures,  but  yielding,  when  heated  with 
it,  potassium  acetate  and  methyl  alcohol: 

CjHjO  .  OGHj  +  OKH  =  C,H,0  .  OK  +  CHa  .  OH. 

(3)  Ethyl  formate,  CilO .  OOjTL,  converted  in  like  manner,  by  heating 

wlth'pet.ash,  into  potassium  formate,  CIIO.OK.  and  ethyl  alcoliol.Yy  Ij.OH, 

These  throe  compounds  may  he   represented    by  tin:   following  constitn- 

'         '  '  i-  i       t   ■   ■       :-^u  radicals  indi- 


J': 


0=C— O— 0H„      0=C— 0  — C— CHa. 
0=C— 0— H,  ■  ■         H 

Propionic  acid.         Methyl  acetate.  Ethyl  formate. 

B.— Compounds  which  have  the  same  percentage  composition,  but  differ 
in  molecular  weight  ;  niroh  bodies  arc  called  polymeric.  The  most  striking 
example  of  polymerism  is  exhibited  l.iy  the  iiydt'o-carbous  C„Hsn,  oil  of 
which  are  multiple-  of  the  lowest,  namely,  uicihene,  V.H.,.  Another  exam- 
ple is  afforded  by  certain  natural  volatile  oils,  which  are  polymeric  with 
oil  of  turpentine,  and  have  (lie  formula;,  C„N3,.  C,0H.,.  &c.  Ali  polymeric 
eoiiipunnds  exhibit  regular  CTarlaliiois  c.f  imilinsr  point,  vapor  deosii.y,  ami 
other  physical  characters  from  the  lowest,  to  the  iii ghost.  Some  are  chemi- 
cally isomeric,  e xli ibit "uiji;  ana Joyous  i  runs  form  at  ion-  under  similar  circum- 
stances, while  ichors  arc  i::ot;tmcric,  ex  h  limine:  dissimilar  reactions  under 
given  eir  cum  stance  a. 


HYBROCAEBOHS. 

First  Semes,  Cullsn+a. — Paeafvins.* 

This  series,  as  already  observed,  consists  of  saturated  hydrocarbons,  not 
capable  of  uniting  iviili  any  of  tier  bodies,  simple  or  compound.  The  names 
and  formulas  of  the  first  six  are  given  in  the  luble  on  page  467;  the  follow- 
ing terms  may  be  culled.  Hrptan,:.  oi'ltmi,  nominr..  *(«  »:i<h'-iii,::,  :'nil/:enn/:.  ic. 

All  the  members  of  the  sevie.s  above  the  first,  Cll,,  mny  lie  regarded  its 
derived  from  lliat.  compound  by  replacement  of  one  of  the  hydrogelt-a.tums, 
by  a  univalent  hydrocarbon  radical  of  the  series  ("JL,,-,  (p.  4C(i) ;  thus.  . 


■{[ 
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Ethane      CaH„  =  c{  Cj*» 

Propane     C3US^C|    "H*  =  C  j     g« 

Quartane  C4HI0  =  C 1    5H7  =  C^     ul  *   s  =  C  <     jja      J      3 
&o.,  &o. 

Occurrence  and  Furtnalion. — Many  uf  the  paraffins,  occur  ready-form  (id  in 
American  petroleum  avid  oilier  miiio-va!  oils  uf  similar  origin.  Tliey  are 
formed  artificially  by  t J 1 1 ■  following  processes: 

1.  By  the  simnN.a.neous  aeibm  of  nice  and  water  on  (lie  alcoholic  iodides 
(p.  468),  compounds  derived  from  these  same  hydrocarbons  by  the  substi- 
Ini.ion  of  one  atom  of  iodine  for  hydrogen. 

This  reaction,  which  appears  to  bo  applicable  to  the  formation  of  the 
whole  series  uf  paraffins,  is  represent cd  by  the  general  equation: 

2C„HM+1I  +  Zn,  4-  20H,  =  ZiiTIjOa  +  ZnL,  +  2C„Hm+s 
Aleoholio  Zinc.     Water.        Zinc  Zinc        Paraffin, 

iodide.  hydrate,      iodide. 

As  an  example,  we  may  take-  the  formation  of  ethane  from  ethyl  iodide: 

2CaH6I  +  Zn2  +  0Ha  =  ZnHsOa  +  Znla  4-  2CaH0 
Ethyl  Ethane. 

2.  All  the  paraffins  maybe  produced  by  heating  the  alcoholic  iodides 
with  line  alone.  Generally  -[.leaking,  however,  two  of  these  hydrocarbons 
are  obtained  together,  the  fir.-U  product  of  the  reaction  being  a  paraffin 
containing  twice  as  many  carbon-atom*  as  the  alcoholic  iodide  employed; 
and  this  compound  being  then  partly  resolved  into  I  tie  paraffin  containing 
lia.:f  tii is  nu m tier  of  earbun-iUonis  and  t  lie  cm- responding  olefine,  :'i;,.  ir£lil ; 
thus: 

2CJT.I    +    Zn     =      Znl,    4-     C,H10 
Ethyl  Quartane. 

and,  Cjaw  =     CaH,    +     C,H, 

Quartane.  Etheno.       Ethane. 

Generally : 

aCHa.+.I     4-    Zn      =     ZnL,      4-    CSaHw+a 
and,  CfcHfc-i-,  =     C„Hj.  +     C,Ba+1. 

3.  By  the  electrolysis  of  the  fatty  acids  (C„  H„0,).  For  example,  a  solu- 
tion of  potassium  aceiale,  diviiieil  into  two  parts  by  a  porous  diaphragm, 
yields  puii!  ]iydroj.f(iij,  in^iihei-  w'.;'.i  cc.lase,  at  i  lie  deprive-  electrode,  ami 
at.  the  positive  electrode  (if  of  plaiiniiml  a  mixture  uf  carbon  dioxide  and 
elhane  gases: 

2C,H40,    =     2COs    4-     0aH6     4-    Hr 
We  ioiit  suppose  thai  (he  I  no  molecules  of  acetic  acid  are  resolved  hy  the 
current  into  lla  and  C4He04,  and  that  the  latter  then  splits  up  into  200,  and 
C3H,.     The  general  reaction  is: 

2C,HfeO,    =    20Oa    4-    Can_sHJ0_!     4-    Ha. 
i  Some  of  the  paraffins  are  obtained  from  acids  of  the  series  CFlIL„Oa 
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anil  C„Hf„_j04,  by  tho  act  inn  of  silk  a  lies,  ivliif.li  abstract,  carbon  dioxido  from 
those  acids,  the  hydrocarbon  tin;*  eliminated  [■  n ;; r jl  L r: : ii jj;  one  atom  of  carbon 
less  than  the  acid  from  which  it  is  produced: 

C„+lna,+a02*  =      COa    +C,    H!o+,, 
C^Hfc+,0,    =    2COa    +C„     H5n+a. 
In  this  maner  methane  (marsh  gas'i  in  ehiaiui'd  by  heating  potassium  acetate 
With  excess  of  potassium  hyili-tite  (p.  169} : 

CsHaO,K        +        OHK        =        C03K3        -j-         CH, 
Potassium  Potassium  Potassium  Methane, 

acetate.  hydrate,  carbonate. 

Also,  so* tune  mul  octane,  by  similar  treatment  of  (lie  potassium  salts  of 
suberic  acid,  ty-l,/.),.  und  subside  uoid,  (!,0HlflO4: 

CgHlsO.K,        +        20HK        =        2C0aK  +         CeIIl4 


C,0H]BO4Ks        -f        20HK        =        2COaK2        -f         C8H,8 
Potassium  Octane, 

achate. 

Generally  speahiug,  however,  :i  further  decern  pes  hi  on  tabes  place,  result- 
ing in  the  formulion  of  hydrocarbons  containing  a  smaller  proportion  of 
hydrogen  than  tlu;  paraffins. 

5.  The  paraffins  may  also  bo  produced  from  the  defines,  C„  H:n  by 
combining  the  latter  with  bromine,  and  boating  the  resulting  compound, 
0,  Hs„Brs,  with  a  mixture  of  potassium  iodide,  wnler,  aod  metallic  topper. 
The  bromine-compound  is  then  decomposed,  anil  ihe  h\  drocarbon,  C„HS„, 
is  partly  reproduced  In  the  free  s1j.i.o,  partly  converted,  by  the  addition  of 
hydrogen,  into  a  paraffin,  CHSl+,. 

6.  Soveral  of  the  paromais  urn'  produced  by  the  dry  or  destructive  dis- 
tillation of  butyrates  and  acetates. 

7.  They  are  also  found  miiori»a  the  products  of  the  ilry  dipt.llla.tion  of  coal, 
especially  Boghead  and  runnel  coal,  anil,  as  already  observed,  they  consti- 
tute the  principal  portion  of  many  mineral  oils,  formed  by  the  gradual 
decay  or  decomposition  of  vegetable  matter  beneath  the  earth's  surface. 

8.  Quintyl  alcohol,  or  umyl  alcoliol,  CsH,.,0,  distilled  with  zinc  chloride, 
yields  quintanc,  f.!sH|P  and  several  of  its  honiologiios,  together  with 
olefines  and  oilier  hydrocarbons  containing  sliii  smaller  proportions  of  hy- 
drogen. 

SI.  Methane,  or  marsh  pas,  CM,,  ibe  first,  term  of  the  series,  is  produced 
synthetically,  by  passing  a  mis-ire  of  hydrogen  sulphide  ami  vapor  of 
carbon  liiMiliiMile  over  red-hot.  copper.  The  copper  abstracts  the  sii'inlmv 
from  both  eompoonds,  and  the  carbon  and  hydrogen  urns  liberated  unite  to 
form  triarsh  gus: — ■ 

CSa     4-     2HSS     +    Cu4     a=     4CuS     +     GSt. 

Properties  mid  Renciions  of  Ihe.  I'arnffins.—  The  properties  of  methane  have 
been  already  described  (p.'  .Hill).  Of  the  other  paraflins,  ethane,  propane, 
and  quartano  are  gaseous  at.  ordinary  icmperaluros  ;  most  of  the  others 
are  liquids  regularly  increasing  in  specific  gravity,  viscidity,  boiling  point, 
and  vapor  density,  as  ibeir  molecular  weight  heeonics  greater:  those  con- 
tiiining  lit!  carbon  atoms  or  more  are.  crystalline  solids.  The  following 
fable  exhibit,  the  speoihe  gravjlios  and  boiling  points  of  llie  paraffins  ob- 
tained from  American  petroleum  :  f — 

•  By  substitution  of  ». -1  f  n- n,  i)o>  ■unmil  i  C,.  lf.,,0,  l,,™,,,.,  C  +,I1»„+S0,;  ami  by  sub- 

i'lW,  !„«■'.'.  lii'-ii'i-  .';;■■'.   lull  I,     1-ilen     ..!^.'v      ■  vv'!i.  <■«:.;    -\ii.i.  ■:'. 
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ethane,  C,H6,  and  propane,  '-';(Ita.  which  ore  given  olf  from  it  as  gas  at  or- 
dinary temperature  a.  In  Wing  for  Use  oil  also,  largo  quantities  of  gas 
escape,  exhibiting  ihc  clmi'aei.ers  of  methane ;  hence  ii  is  probable  that  in 
the  if  rent  geological  changes  which  have  given  rise  to  (lie  separation  of 
the  petroleum,  the  whole  series  of  j-in i-h fHn.-;  have  been  fi.rmcd  from  marsh 
gas  upwards. 

Solid  pnraffin  is  a  colorless  ery.siallinc  fatty  substance,  probably  consist- 
ing el'  a  in  rs.1  ore  of  several  of  the  hi  "hot'  members  of  [lie  series  (!„  U,„-l-,. 
It  is  found  native  in  Hie  coal-measures,  and  other  bituminous  strata,  con- 
siiiiu  ii::.'  'he  minerals  kni.i'.vii  axjbsxil  <:vj:,  <i;ot:.»ri/t>,  hiilih/i'in,  ftu.  it  exists 
also  in  the  state  of  solution  in  many  kinds  of  pe  t  rule  inn,  and  may  be  sepa- 
rated by  distilling  off  the  mure  volatile  portions,  ami  exposing  the  remain- 
der to  a  low  temperature.  In  n  similar  manner  ulso  may  solid  paraffin  be 
obtained  from  the  tar  of  wood,  eoal,  ami  bituminous,  shale.  It  was  first 
prepare' I  by  Keiehcnba.rli  from  wood-tar.  It  is  tasteless  and  inodorous, 
insoluble  in  water,  slightly  soluble  in  alcohol,  freely  in  ether,  and  miscihle 
in  all  oroporiiuiis,  when  melted,  with  fixed  or  volatile  oils.  It  burns  with 
a  very  bright  flame,  and  those  varieties  of  it  which  melt,  at  temperatures 
above  *5°  C.  (11S°  V.)  are  very  inird,  and  well  adopted  for  making  candles. 
Paraffin  is  lnrgoly  used  ulso  as  a  suhsi  ii  ule  for  suliiour  for  dipping  matches; 
and  Dr.  Stenliou.se  has  paten  I  oil  it"  oppliimi  ion  jo  woolien  cloths,  to  increase, 
their  strength  and  nmiie  ihem  wnloriiroof.  More  evlcnsive,  however,  are 
the  uses  of  the  liquid  compounds  of  the  paralliti  series,  known  in  commerce 
as  paiujjhi  oil.  phoiuijiM?..  solar  oil,  i-upmne.  ,vc.  These  oils  are  largely  used 
for  burning  in  lamps;  and,  when  mixed  with  fatty  oils,  such  as  rapo  and 
cotton -seed  oils,  form  excellent  materials  roe  lubricating  machinery.  For 
the  former  purpose  they  are  exceedingly  well  adapted,  as,  with  ft  proper 
supply  of  air,  they  give  a  touch  hri^hler  light  than  that  obtained  from 
■fatty  oils  containing  oxygen,  and  are  much  elcaner  in  use. 

It  is  necessary  to  observe,  however,  that  natural  petroleum  and  the  oils 
obtained  by  the  dry  distillation  of  rail.  ,Ve..  at  low  letnperatures,  are  mix- 
tures of  a  great  number  of  ivi  ratlins  ;ii  lie  ring  greatly  in  volatility,  and  that 
to  render  them  safe  for  burning  in  lamps  of  ordinary  construction,  l.lioy 
must  lie  freed  by  distillation  from  the  more  vol  utile  members  of  ill'.'  "erics  ; 
otherwise  they  will  take  fire,  too  easily,  and,  when  they  become  heated,  will 
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give  off  highly  inflammable  vapors,  which,  mixing  with  the  air  in  the  body 
of  the  lump,  may  easily  produce  daugcioiisly  explosive  mixtures;  serious 
accidents  have  indeed  arisen  from  this  cause.  It  lias  been  found  by  expe- 
rience thai  it  ia  not  safe  to  use  a  paraffin  oil  wbioh  will  lake  fire  on  the 
application  of  a  match  and  burn  continuously,  at  a  temperature  below  38° 
C.  (100°  F.)- 

Suhstilutivn-)iT'"ii:r/!:  of  tie  '/',-/ ■•■■■/!>! an.  — .l.'a.raf'bis  subjected  to  the  action- of 
bromine  or  chlorine,  give  up  a  pari,  or  in  some  cases  the  whole  of  their  hy- 
drogen in  exchange  for  Hie  ha.logon  element.  Tims  equal  volumes  of 
chlorine  iinii  mclhat.c,  I'll4.  exposed  lo  diffused  ii:LVli^rli1,  yield  the  com- 
pound Clla01,  called  chluromm.hane  or  methyl  o.lil  Jri«l"o ;  and,  by  forlher 
subjecting  this  product  ui  tin;  action  of  an  excess  of  chlorine  in  direct  sun- 
shine, it  may  be  successively  converted  into  the  more  highly  chlorinated 
compounds  CH.,C1,,  ClK:i3.  and  (.'CI4.  Ethane.  C„I1G.  also  yields,  by  a  series 
of  processes  to  be  hereafter  described,  the  substitution-products  C,Tis!"'l, 
C,H4C1P  CjHjCl,,  CJ].,C.\t,  Odin,,  and  C,C16;  and  similarly  for  the  other 
compounds  of  tlio  scries,  llin-r  bodies,  wdiich  may  be  regarded  as  com- 
pounds of  chlorine  and  other  halogen  elements  with  the  radicals  (OH,,)', 
(CII,)",  (CO)'",  &c,  are  called  h»UM  r'h-n ;  tbo  more  important  of  them 
will  be  specially  described  in  connection  with  the  corresponding  alcohols. 
When  treated  with  water  or  aqueous  alkalies,  they  py change  the  haloid 
clement  for  an  equivalent,  quantity  of  hydroyyl,  (110),  thereby  producing 
a'.coho':-  ;p.  i'iS) ;  and,  on  the  oilier  hand,  they  may  lie  termed  fia.mi  the 
alcohols  by  the  action  of  the  chlorides,  bromides,  and  iodides  of  hydrogen 
or  phosphorus. 

Nitric  acid  attacks  the  higher  members  of  the  paraffin  scries,  forming 
nilro-compoumds ;  octane,  Osll„,  thus  treated,  yields  the  compound,  CSH„ 
(NO,).  The  lower  'paraffins,  on  the  other  hand,  are  nol  affected  in  the 
Slightest  degree  by  nitric  acid;  but.  by  indirect  means  compounds  maybe 
formed,  hiiving  toe  composition  of  paraffins,  in  which  the  hydrogen  is 
more  or  less  replaced  bv  niirvl;    for  example,  trinitr -on-. ethane  or  mtroform, 

CH(HO,),. 

Isomerism  in  the.  Farajjin.  series,  —  Tt.  has  already  been  mentioned  that  these 
hydrocarbons  are  sooiovirnes  regarded  as  hydcates  of  the  univalent  alcohol 
radicals  0,%+,,  —  methane,  for  example,  as  metliylliydride,  H  .  CH3, 
ethane  as  ethyl  hydride,  H  .  CSHS.  This  view  of  their  constitution  is  sug- 
gested by  their  formal  ion  by  t.iie  action  of  water  on  the  zinc  compounds  of 
the  same  radicals  ;  e.  g. : 

ZnfCH,),      +      20H2      =      ZnHsOs      +      2(H.CH8)i 
Zino  methyl.  Water.         Zinc  hydrate.       Methyl  hydride, 

and  by  the  facility  with  wjich  they  give  up  one  atom  of  hydrogen  in  ex- 
change for  chlorine  and  bromine,  whereas  the  replacement  of  the  remain- 
ing hydrogen-atoms  is  much  move  difficult.  On  the  other  hand,  all  these 
hydrio'i^rbons,  except  metiianc.  may  lie  reiri'.eded  as  compounds  of  two 
cqnivuieiii  s  or  iia'.f  jin.oeeides  of  alcohol  radicals  i.'l.Il,n+1,  thus  : 

C,H„           =           H.C,H,           or  CHa.CH3, 

Ethane.                   Ethyl  hydride.  Dimethyl. 

CSKS            =            H .  CSHV            or  CH( .  C?H6, 
Propane.                   Propyl  hydride.  Methyl-ethyl. 
C4H1D      =      H.C^H,      or      C,HS.C,H,  or      CH..CSH„ 
Quartane.              Quartyl                    Diethyl.  Methyl- 
hydride  propyl. 
This  latter  view  appeura  to  accord  with   their  formation  by  the  action  of 
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Ti  Ihc  iodides  of  the  alcohol  rndieuls,  which  is  similar  to  tlmt  of  hydro 
y  the  action  of  ziuc  on  bydriodio  acid;  thus: 


Zn  +         2CaHsI        =  Znla         -j-  CSH5.CJI5 

Ethyl  iodide.                                                 Diethyl. 
Zn      +      CH.I      +      C.H.I      =      Znl,      +      CHS.C,H„ 
Methyl               Ethyl                                            Methyl- 
iodide,             iodide.                                             ethyl. 
The  first  three  hydrocarbons  of  the  series,  however,  viz.,  OH„  C3II6,  0,11,, 
'  ''  *'       actly  the  sunr  physical  iirid  cliemiciil  properties  i ' 


cn, 


show  that  they  are  not.  susceptible  of  i; 


ethyl  hydride,  H— Cil,,  or  as  dimethyl,  TT30 — Cira.  this  arrangement  re- 
mains lie  same.  In  propane,  ('sI's,  each  carbon-atom  if,  directly  combined 
with  at  most  two  oilier  carbon  ftuuus,  and  there  is  no  other  way  in  which 


But  if  w 

3  look  at  the  formula  of  the 

■  l-cuvJn:'!  i,i:rami..  'Ml, 

it  may  lie  - 

,i-ritton  in  either  of  the  following 

forms : 

CH, 

H.C     CH, 

Ik, 

V 

k 

on 

k 

k 

in  the  first  of  which,  neither  of  the  cavlion-atomf  i ?;  directly  united  wiih 
more  than  two  others,  whereas  in  the  third,  one  of  the  carbon-atoms,  is 
directly  combined  with  three  others.  The  lirnt  may  be  represented,  either 
as  propyl-metkane,  C  {  CH^H^H,  =  Q  j  CHaO,HB   =   fi  j  CaHt>  or  M  ^ 

thyl,  HSCS .  CjHj,  according  to  the  manner  in  which  we  may  suppose  ii.  lo 
be  divided;  the  second  us  trinKi/nj!  ineiii'uu;  C  >  -..  3'3,  or  isopropyl  methane, 
C  |CH(CHa)s,  the  radical  CHfCH3)s  being  called  itopropyl,  to  distinguish 
it  from  normal  propyl,  01I,,(0,,II;). 

Prom  recent  observations  *  ii.  appears  thai  fill  hydrocarbons  of  known 
structure  limy  bo  divided  inlo  four  groups,  viz.  :  1.  Those  in  which  each 
carbon-atom  is  direedy  a.-wochited  with  tit.  mo«l  two  oilier  carbon- a,  loins. 
2.   Those  in  which  one  carbon-atom  is  associated  with  three  carbon-atoms, 
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or  which  contain  the  group  isopropylonee.  3.  Those  which  contain  this  group 
twioe,  such  as  di-iso  propyl,  or  te  tram  ethyl- ethane,  CaH„  =  C,J  r  I  ■  (  T  5  ^  "' 
produced  by  the  action  of  v.ino  on  isopropyl  iodide;  this  compound  may  be 
' "    '  ional  formula : 


^>C  —  C  —  c<T 


4.  Those  in  which  one  carbon-atom  is  associated  ■--. I cTi  four  others,  as  in 
diinethyl-diethyl-nmthane,  or  carb<limeUi_yl-d;  ethyl,  C  •■  Sf  .?  ' ,  a  compound 
*     '   O-ethyl,  ZnfCjITj);.  on  dimefhyl-dichlorome- 


■ms  of  ethyl  for  2  at 
Dime  thy  1-dichlori 


ip  of  chlorine  : 


Dimethyl-die  tityl-moihane. 


VI 


u 


The  paraffins  of  each  of  these  groups  exhibit  a  regular 
illg  point  as  they  aseoud  in  the  series  by  successive  addition  of  CHS,  and 
the  boiling  point  of  a  j.nraffijL  oontainiog  :i  given  tuimher  of  carbon -atoms, 
is  found  to  be  lower  in  proportion  us  its  structure  is  more  complex.  In 
the  first  and  secern!  groups  the  difference  of  boiling  point,  for  each  incre- 
ment of  CH„  is  about  :.UC  (.'.  [MQ  V'.'i,  whereas  in  the  third  it  is  only  2G° 
C.  (45°  F.J. 


8i:i'ONn    f-Iilrll'S,   ("'ull.j. 
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The  hydrocarbons  of  tljis  scries  are  polymeric,  as  well  as  homologous 
with  one  another,  inasmuch  as  their  fortuuhe  arc  all  exaet  multiples  of 
that  of  the  lowest  CHr  The  lower  members  of  liie  series  are  gaseous  at 
ordinary  temperature-,  the  higher  members  are  solid,  and  the  intermediate 
compounds  liquid.  The  names  and  fonuidie  of  the  known  members  of 
the  define  scries  are  given  in  the  i'u! lowing  table,  together  with  their 
melting  iiinl  boiling  points: 


» 

... 

*«* 

,.»,„„.,.,. 

..«.„,„, 

Ethane            o 

BthTlene 

CoHj 

I'r:  >]"■>„■  110 

Quarimo 

Butyl  one 

OjU, 

Sopteue 

llosj-loiio 

llNiCjliTI.) 

Of11™ 

z 

B^7°°  "■     20S°158   " 

tsl'li 

N..l',V  1,110 

CjHu 

140°          «      284° 

&!S 

160°          "      820°          " 

feKtMUJUO 

Irlglni-na 

Ci-rnteiie 

<&"« 

(?)                    (') 

Helens 

C»)HK 

62=  "     Ul"  - 

«S"  (IJ    "      70W?|    " 

iyGoO^le 


■J  SI 

i,  does  not  appear  to  be  ca- 

its  oxygen  :iii:i!oLrue,  carbon 
monoxide  or  earbouyl,  CO,  is  a  well-known  compound,  which  has  been  al- 
ready described  (p.  108). 

Formation  of  the  Olefins, —  1.  By  abstraction  of  the  elements  of  water 
from  the  alcohols  of  the  scries  l'jilla,  -s  .X),  homologous  wii-li  common  alcohol, 
under  the  influence  of  powerful  it.  Ir.  ■■  ruling  agents,  such  as  oil  of  vitriol, 
phosphoric  oxide,  or  line  chloride;  thus: 

CsHgO      —      OH,      =       C.H, 
Ethyl  alcohol.         Water.  Etheno. 

The  preparation  of  ethene,  or  olefmnt  jra*.  by  brating  common  ;i!eoii..,l 
with  oil  of  vitriol,  has  been  already  described  (p.  Klit).  Quiulyl,  or  amvl 
alcohol,  C6SlsO,  distilled  with  zinc  chloride,  yields  — besides  the  corre- 
sponding define,  quintene  or  auiylene,  CjH,0  —  a  number  of  others  poly- 
meric with  it;  beside*  iiuiiuane,  I'.Itj,,  and  .is  Iiomol.iiruea,  and  hydrocar- 
bons containing  a  smaller  propertine  nt"  hydroju'iin  ih:m  the  olefins. 

'1.  By  passing  the.  Tapers  of  the  lialei-.l  te.u-.ji  omuls  of  riie  monad  radicals, 
C^Hja  4-,,  over  lime  at  a  dull  red  heat;  e.g. : 

SC(SuOI     -I-     CaO     =     CaCl^     +     OH2     +     2C,HM 
Quintyl  lime.  Calcium         Water.        Quintene. 

chloride.  .  chloride. 

3.  By  the  decomposition  of  Hie  parull'.iis  a!  the  moment  of  their  forma- 
tion by  the  action  of  Kino  or  sodium  on  the  alcoholic  iodides  of  the  monad 
rueoli.il-radicals  (.'„  Ila„  p,  (see  p.  475). 

4.  By  the  aulioii  oi    Mie.se  sa,rt:o  iodides  on  the  sodium  compounds  of  the 

CaHsI      -f       C8H8Na      =       Sal       +       C2II4      -f-       C,H, 
Ethyl  Sodium  Sodium  Ethene.  Ethane, 

iodide.  ethyl.  iodide. 


splitting  up  into  is,  u;ri  Lacy  monaruino  (p.  :!7l)j  and  an  oletine ;    thus: 
N(CsH6)4(HO)     =     N(C4HS)3      +      OHs     +     CSH4 
TatrethyJaramo-  Tnethyl-  "Water.  Ethene. 

niuro  hydrate.  ammine. 

(i.  Olefmcs  are  furrued  by  the  doeoriposi.iboi  nf  e.cotatos  and  butyratea 
at  a  reel  heat,  disriV.ins  over  needier  with  several  other  products,  from 
whieli  they  arc  scparai  ed  l:y  eoriibininjf  them  with  bromine,  and  heating 
the  resulting  bromine -Compounds.  C,  ^  ■■■■■• l'1'-  l0  -■^■-'r'  '■■  (S27°  F.),  with  cop- 
per, water,  and  potassium  iodide.  In  this  manner  Berthelot  has  obtained 
etlicne.  propone,  ijuurtcne,  and  quinteno. 

7.  Several  of  liie  olefin  es  may  be  prod  need  by  direct  synthesis  from  o1.  bcr 

a.  Ethene  is  formed  by  tho  aoiion  of  nascent  hydrogen  upon  ethine  or 
acetylene  (p.  484) : 

0,Ha    -f    H2    =    C,H, 
Ethine.  Ethene. 

B.  Propene,  CalT6,  is  formod  by  pas-iuj;  a  i-iixture  of  m ethane  and  carbon 
monoxide  (o^y:'.eii.o:io;  iiii.-oi:;;!i  a  rcd-hol.  tube  : 

2cns     -f     co     =     oil;     +     csn„. 

Also  by  the  action  of  methenyl  chloride  i'tliluiofoiio)  on  '/.inc  ethide: 

41  H„,.„„Googlc 


482  HYDROCARBONS. 

2CHC1,       +  8Zn(0,H,),  =  3ZnC!a  +  4C3H0  +  2CH4. 

y.  Quintene,  or  amylono,  CSHI0.  or  a  compound  isomeric  with  it,  is  formed 
by  the  action  of  nine  ethide  on  propenyl  (allyl)  iodide; 

2CaH5I        +     Zn{C,H(),  =  Znl.  +     2C6III0, 

6,  Seitono,  or  hesylcne,  <  '6f  I,.,,  is  obtain  eel  in  combination  wit  li  Itydriodic 
acid  hy  tho  action  of  that  acid  on  maiiaite,  which  is  a  sugar  having  the 
composition  of  a,  lioxadimic  alcohol; 

C{HB(HO)0  +  11HI  =  GOHs  +  51,  +  CflH12  .  HI; 

Mannite.  Sex  ten  e 

hydriodide. 
and  this  hydriodiiie,  heated  with  potassium  hydra'c,  yields  the  hydro- 
carbon ; 

CSH„ .  Ill  +        OKII       =    KI         +     OHs  +  C6Hla. 
t.  Quartcnc,  or  butylcnc,  C4H8,  ia  obtained  by  precisely  similar  reactions 
iron)  eryihrit.c,  which  is  also  a.  saccharine  substance  havtng  tin:  cniposiiinn 
of  a  telratomic  alcohol,  C,H6(HC)4. 

Iti-jtft-iotis. — 1.  The  olelines  :i.i\-  dyad  radicals,  uniting  with  ii  atoms  of 
chlorine,  bromine,  Sf..  anil  with  one  atom  of  oxygen. 

2.  The  chlorides,  bromides,  and  nlln-r  halmd  com:io:in:is  of  tlie  olufnes, 
treated  with  an  aloohoiic  sol nl ion  of  potash,  aire  up  one  atom  of  hydrogen 
and  one  a  mm  of  she  haloid  element,  yielding  an  oletiue  in  which  one  arum 
of  hydrogen  is  replaced  by  chlorine,  bromine,  &c,  together  with  water 
and  a  haloid  salt  of  potassium  ;  thus : 

=  KBr  +  OHa  +  C,HaBr. 

Erornethene. 

The  resulting  chlorinai  ed,  hronsinrited,  or  io-dated  to  in  pound  can,  it.  its 
turn.  take,  an  2  atoms  of  chloi-iuu,  bromine,  or  iodine,  forming  ,i  body  winch 
can  likewise  e;ive  up  hydrochloric,  liydrobnuiiic,  or  hydrhuiic  ntud,  um.tor 
the  influence  of  alcoholic  potash  ;  tint  body  tints  formed  can  again  take  tip 
2  atoms  of  chlorine,  bromine,  or  iodine  ;  then  give  up  HC1,  HBr,  or  III ; 
and  thus,  by  a  series  of  perfectly  similar  reactions,  we  at  length  arrive  at 
bodies  consisting  of  the  primitive  oltdine  with  all  its  hydrogen  replaced  by 
chlorine,  bromine,  or  iodine,  and  the.  di  chlorides,  di bromides,  and  di-iodides 
of  these  last-mentioned  bodies  :  thus,  from  ct.hcne  may  be  derived  the  two 
following  series  of  brominamd  compounds  ; — 

Ethene  bromide  ....  C^tBr, 
Bromethenc  bromide  .  .  C,IT.,Br  .  Ers 
Dibrom  ethene  bromide  .  .  C5IlsBr2  .  Br, 
Tribromethene  bromide  .  CJMir.,  .  Hi., 
Tei-ralu  oniothenc  bromide.  CJ?r,  .  Br2 
These  compounds  will  be  more  particularly  described  in  connection  with 
the  corrospomlin;;  alcohols. 

8.-  Amonoehlorinated   or  monobroriLinated  define  may  riire  op  the  atom 

of  chlorine  or  bromine  winch   il    contains,  in   the  form  of  hydrochloric    nr 

hydrobromlc  acid,  whereby  it.  is  reduced  to  a  hydrocarbon  of  the  following 

series,   C,..ll2„_.,.      This   rea'clion   may  take    place  at.  I'M)0— ISO"  C.    (lib'b"— 

802  K.),  under  the  iniluenec  of  alcoholic  potash,  or.  better,  of  sodium  elhyl- 

ate  (obtained  by  dissolving  sod'um  in  anhydrous  alcohol);  thus: 

CjI^Iir  +  CaH6?JaO  =  NaBr  +  CJWHO)  +  C.H,. 

Jironiolhcnc.      Sodium        Sodium         Ethyl  Ethine, 

etbylate.     bromide,      alcohql, 


Bromethene     .      .   CsH,Br 

Jlibromelltono       .  C,H,Br, 
Tribromcthcne     .  CsHBi 
Tclrabroiuolhet.e    C,lii', 
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i.  Ethene  bromide  an  J  its  linitnilngiios,  treated  with  silver  acetate  or 
potassium  acetate,  exchange  their  bromine  for  an  equivalent  quantity  of 
the  halogonic  residue  of  the  acetate,  C,II30,  (p.  472),  giving  rise  to  di- 
atomic acetic  ethers;   thus: 

(Cjy'Br,  +  2C,H0ffs^  =  2KBr  +  (CsH,)"(C.IH1Oa)a; 

Ethene  Potassium  Potassium  Ethene 

bromido.  acetate,       bromide,  diacetate, 

and  these  ethers,  distilled  with  ii  causUc  alkali,  yield  diatomic,  alcohols  or 

glycols;  for  example: 

fO,HJ//)C,H,01),  +  201IK  =  2CaIJ302K  +  (C2H4)"(0H),. 

Ethene  Potassium  Ethene 

diacetate.  acetate.  alcohol. 

5.  The  bromides,  CHs.Br.,  heated  to  275°  C.  (527°  F.)  with  a  mixture  of 

potassium  iodide,  copper,  and  water,  give  up  1  ]j ■.: L i-  bromine  and  reproduce 

the  original,  oleliue,  together  with    other  hydrocarbons  {p.  476). 

f>.   Some  olefines,  v.iien  briskly  shaken    up   with    strong  snlphuric  acid, 
unite  with  it,  forming  acid   ethers  of   sulphuric    acid,  which  contain  the 
munatoroic  alcoholic  radicals  corresponding  In  (he  defines;  thus: 
C,H4        +        S04H,         =         SO, .  C,H, .  H ; 
Ethene.  Sulphuric  acid.       Ethyl- sulphuric  acid, 

and   these  acid  ethers   disulled  -.villi   water  reproduce  sulphuric  aeid,  and 
die  in o nil i oiu ic  ukohol   ouricspond'm^  u>  the  oleiinc  : 

SO«.C,H,H  +         H(OH)     =    S04Ha        +        CaHE(On>. 

Ethyl-sulphuric  acid.  Water.  Ethyl  alcohol. 

With  fuming  sulphuric  acid  (which  (-oolaiii-  sulphuric  oxide  in  solution) 
the  olefines  yield  .suipho-aclds  ivliieh  are  isoniti-ic  with  I  lie  preceding,  but 
are  not  decomposed  by  water,  with  formal  inn  of  an  alcohol. 

7.  Olefines  unite  witli  hvdiucltlorie,  lij-'druhnnuio,  anil  hydriodic  acids; 
and  the  resulting  compounds,  treated  with  silver  u.-ddc  in  presence  of  water, 
give  rise  to  two  different  reactions  which  pn  tin  simultaneously,  one  part 
of  the  compound  exchanging  its  heUiaeu  clement  for  hydroxy!,  and  thereby 
producing  an  alcohol,  while  anuih'-r  portion  »ivr;  up  hydrochloric,  hy- 
dl'obromic,  or  hydriodie  acid,  riipruduiuiii:  rue  original  olefine: 

2{CaH„.HI)     +     OAga    +     OH.    =     2AgI    +     2C6H„0 
liexylene  Hexyl 

hydriodide.  alcohol. 

2(C„HB.HI)      +     OAg2    =     2AgI    +     0Ht     -j-       2CeH„. 
Hexylene  hydriodido.  Hexylene. 

The  greater  number  of  the  olefines  are  not  of  sufficient  importance  to 
require  special  description  in  this  work.  Ethene  lias  been  already  de- 
scribed (p.  170).  Quiniene,  or  amylene.  and  a  few  others  will  be  noticed 
in  connection  with  tin:  corresponding  alcohols. 

Isomeritm  in  the  Ol'./inc  scries, — from  theoretical  considerations,  it  might 
be  expected  thai  each  member  of  the  ole.line  series  would  exist  in  two 
isomeric  mmli Ileal  inn-,  the  one  beini;  a  ih  ail  radical,  and  ihe  other  a  satu- 
rated hydrocarbon  ;  i.he  eom pound  (.'.,11,,  for  example,  might  exhibit  the  two 
modifications  rep  re -united  below: 

— CHj  CH, 

_U  k 

Dyadic.  Saturated, 

Htistee  by  G00gk 
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But  the  dyadic  mcni'iors  cf  the  series  :lti'  the  Mill-  ones  actually  known. 
These,  however,  exhibit  in  sonic  of  Ihuir  ecympuinids  a  different  kind  of 
isomerism,  which  docs  not  affect  I  hoiv  equivalent  value. 

a.  The  riichlovide*  of  tin;  defines  are  isomeric  with  the  moiioohlovinated 
chlorides  of  the  monad  alcohol  radio;: Is,  (■„  ll..,:.;.| ;   fiiv  ciunipic  ; 


CHSC1 1 

f  CH3 

CHjClJ 

omerie  with     i    1 

(  CHC15 

Eii,;.T,.. 

M  on  o  chl  orin  ated 

diehloride. 

ethyl  chloride 

the  first  boilinj;  at  fif."  C.  ilK'V  V.}',  (in;  second  at  <;4=  C.  (147°  F.) 

8.  The  oxides  of  the  "'('fines  ave  itenicric  with  I  lie  com'-[:iaidii!ir  ;iUl> 
hydes,  and  with  tho  alcohols  of  the  series  C.^_1OH 

_^-ch,  ch3  chs 

^-  ch,  coh  choh 

Ethene  oxide.       Acetic  aldehyde.     Vinyl  alcohol. 

The  dyad  radical,  called  rthld-*;?.  or  tihyiiihnc,  winch  mav  tic  supposed  to 
exist  in  aldehyde  ami  in  niouoobloi'ir.alcil  o.l.hyl  chloride,  has  not  been  iso- 
lated :  it  probably  differs  from  ethene  in  the  manner  shown  by  the  follow- 
ing formula; : 

— CH,  CHa 

— cn,  ch 


liberie. 


i  the  compounds  of  the 


Third  Sheiks,  CiHj.-,. 
Of  these  hydrocarbons  five  only  have  as  yet  been  prepared,  viz.: 
Ethine     or    Acetylene,         C,H, 

Propino   "      Allylene,  CaH« 

Qnav.ine  "      Crete nvlene,      C4H, 

Quiutine  »     Valerylene,        C6H8 

Seitine    "    Biallyl,  C6HI0, 

The  only  general  method  of  prcyim-ini;  these  bodies  consists  in  heating 

the    monobr oiuiiia.te.il  derivatives  of  the   nldiucs,   t'„  H'.a_1"Cr,  with  sodium 

ethylaie  to  CrKP-lfAF  (J.  \iKXfi-'Mla  F.): 

CB^i     +    C,H5NaO     =     HftBr     +     C2Hs(HO)     +     CH^. 


Ethine  and  propine,  which  are  pisoon=  at  ordinary  temperatures,  are  sepa- 
rated from  the  alcohol  vapov  with  wliioh  they  are  mixed,  by  passing  the 
gas  into  an  ammonia ca.l  sobdion  of  cuprous  chloride,  whereby  an  explosive 
compound     is     precipitated,    containing   copper,    carbon,    hydrogen,    and 
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oyygan;  and  this  precipitate,  treated  with  hydrochloric  acid,  yields  tho 

liyiii'ociii'lKMi  in  (in;  pure  state. 

The  other  hydrocarbons  of  Die  series,  which  are  liquid,  do  not  form  any 
precipitate  wii.li  ammoujaeiil  cuprous  chloride;  but.  they  may  be  separated 
from  excess  of  alcohol  by  addition  of  ivait'i",  and  further  purified  by  dis- 
tillation. 

The  hydrocarbons  of  this  seeies  should  exhibit-  three  isomeric  modifica- 
tions: saturated,  dyadic,  nini  (etradic,  ixsuurdiiia  id  the  manner  in  which  tho 
carbon  atoms  sire  united ;    ilius,  fur  1 1 :  o  compound  *-';Hs: 

I 
C— H  — C— H  — C— H 

Saturated.  Dyadic.  T etradic. 

Tho  actually  kijuwii  com p numb  arc,  how  ever,  all  'etradic,  being  capable 

though  they  can  also   form    half-sat.ura.lcd   compounds    containing  only  2 
atoms  of  a  monad  element. 

When  agitated  with  hydro';)  mini;:  or  hydri ■.■■! i cj  iiciii,  fhey  take  up  one  or 
two  molecules  of  these  acids.  The  dihyiirobr.nnidos  and  dihydriodides 
thus  produeod  have  the  same  composition  a-=  the  dLhrmniiialed  derivatives 
ol   (lie  o'.etino  series;   lime: 

CHfc    ,.2HBr     =     C,  HiJSrj,. 
The  two  classes  of  hodks  are,  hov.-evo',  isomeric,  not  identical. 


Ethine,  or  Acetylene,  C,H?.  -This  hydrocarbon  is  one  of  the  i 
of  coal  gas.  It.  is  produced : — 1,  ]!y  synthesis  from  its  elements.  When 
an  electric  arc  from  a.  powerful  voltaic  battery  pa-sew  between  carbon  poles 
in  an  atmosphere  of  hydrogen,  ihe  carbon  and  hydrogen  unite  in  the  pro- 
portion to  form  ethine. 

2.  liy  the  action  of  heat  upon  ethene,  or  the  vapor  of  alcohol,  ether,  or 
wood  spirit,  or  liy  passing  induction-sparks  lhn;ugh  marsh-gas. 

u.   liy  passing  liio  vapor  of  chloroform  over  ignited  copper: 
2CHC1„    +     Cu6    =     SCuaCls    +     C,Ha, 

4,  By  the  incomplete    combustion  of  bodies   containing   carbon   and  hy- 
drogen:  for  example: 

4CH4    +    08    =     60H,    -f     2CsrIs 
Methane.  Ethine. 

20,11,     -f    Oa    =     20H,    -1-     2CSHS 
Ethene.  Ethine. 

5.  By  passing  a  mixture  of  nai\sh-gas  and   carbon  monoxide  through  a 
red-hot  tube: 

CH4    +     CO     =     OHa    +     CjH,. 
G.  By  the  action  of  alcohol  pcush  on  monobremethene  : 

C5HaBr     +     OIIK     =     KBr     +     OH,    +     C2lTj, 
The  crude   ethine   obtained  by  either  uf  ihe.se   processes  is  purified  in  the 
manner  above  mentioned. 

Ethine  is  a  colorless  g;is  of  specific  gravity  (Mr.!,  having  a  peculiar  and  un- 
pleasant odor,  moderately  soluble  in  '.vaier,  nor.  condensed  by  cold  or  pres- 


i  by  Google 


486  HYDBOCAKBONS. 

consuming  2J  volumes  of  oxygen  and  producing  'I  volumes  of  carbon 
dioxide.  When  mixed  with  ri/i-irii.e,  it  dotoiuit.es  almost  instantly,  even  in 
diffused  daylight,  with  separation  of  carbon. 

K thine  passed  into  an  ammoniaeal  solution  of  r)i/irf,vi  rhtnritk  forms  a  red 
precipitate  consisting  of  rni>n,no-:--->nt/l  •jj'V.'V,  C .,(  ii'JI ,0,  or  ((IjGu'j'lf  }zO,  that 
is  to  say,  yinyl-o*ide  (CJI-,)  .0.  liiiv-itu;  four  of  its  hydrogen-atoms  re- 
placed by  four  atoms  of  a|)j.i:>r'cur!y  univalent,  copper.*  The  constitution 
of  this  compound  may  bo  understood  from  the  following  formula!; 
H    II  H    H  H  H 

II  II  Cu-^  [  |         ^Cu 

0=0—0—0=0  I       >C=C— 0— C=C<I 

J,       i     c"^         ^°» 

Vinyl  oxide.  Cuproso -vinyl  oxide. 

Its  formation  from  cuprous  chloride  and  etliine  is  represented  by  the  eoua- 

2Cu',Cls    -f-     2C„H,     -f     OH,    =    4BC1     +    C4Cn'4H,0. 
On  heating  it-  with    hydrochloric    acid,  the   opposite  reaction   takes  place, 
Cuprous  chloride   and  water    being    reproduced,   and  pure   ethine  evolved 

When  this  copper  compound  is  hooted  with  zinc  and  dilute 
nascent  hydrogen  thereby  evolved  unite*  with  the  elements  of 
ducing  ethane : 


C,H,    +     S0,H2    =     80((CjH,)Hj 

and  this  aeid,  distilled  with  water,  is  resolved  into  sulphuric  acid  and  vinyl 
alcohol : 

H,    +     C,H,(OH) 
alcohol. 

Ethine  unites  wii'i  .'irmriin.-'.  forming  a  dibroTtiide,  CJl.Jirr 

Rmmithinc,  or  Br'miiia'i/U-ne,  0,11  [5r,  is  produced  by  ihe  action  of  alcoholic 
potash  on  dibromethene  dibromide  : 

CjH.Br,.  Br,  =  HBr  +  Br,  +  C,HBr. 
It  is  a  spontaneously  inflammable  gas.  which  lii;uetios  under  a  pressure 
of  three  atmospburei,  is  soluble  in  water,  and  very  soluble  in  dibromethene. 
It  unites  with  bromine,  forming  (lie  compound,  C.,[ilir .  Brr  and  when 
passed  into  an  ammoniacal  solution  of  cuprous  chloride,  yields  a  precipi- 
tate i.i f  cunvoso-vinyl  oxide. 

Propine,  or  AUylene,  CaH,. — This  compound  is  produced  by  the  action  of 
sodium  ethylate  on  bromopropene  : 

CjHjBr     +     C2HENaO    =    NaBr    +    C3H,(HO)     +     CaH, 
Bromo-  Sodium  Etliyl  alcohol        Propine 

propene  ethylate 


QUA.RTINE  —  QDINTINE  —  SEXTINE.  487 

its  formation  being  a  particular  case  of  the  general  reaction  given  on  page 
484.  It  is  a  colorless  pis,  having  :m  unpLcasam.  odor,  burning  with  a 
smoky  flame,  and  forming,  wiili  iiKii'iinnis  salis,  a  gray  precipitate  ;  with 
silver  salts,  a  white  precipitate;  and  with  cuprous  chlot'ide  a  yellow  pre- 
cipitate analogous  in  composition  to  thai  formed  by  ethine.  "With  bromine 
it  forma  the  compounds  ( W'!-.),  and  GjHjUr,. 

ftnartine,  or  Crotonylone,  C,He.  —  Produced  bj  the  nod™  of  sodium  ethyl- 
ate  on  bromoquartene.  It  is  liquid  below  15°  C.  (50°  1''.),  but  volatilizes 
very  quickly  if  not  cooled  by  ice.  It  has  a  very  strong,  somewhat  allia- 
ceous odor,  bolls  at  about  lc"!  C.  (G-la  '!■'.),  and  distils  between  18°  and  24° 
C.  (75°  P.).  Brmainr.  drop-pod  iiim  this  liquid,  cooled  by  a  freezing  mixture, 
yields  tMbromoquanum,  C4llfiISrr  a  liijiiid  heavier  than  water,  and  distilling, 
with  partial  decomposition,  between  148°  and  168°  C.  (298°-31(5°  F.). 
This  dibromido,  left  in  contact  for  Jamie  'lays  wiili  excess  of  bromine,  is 
convet'ted  into  the  le.iraln-onU'h.  t'.iy.r,,  a  crystalline  solid,  isomeric  with 
dibromo -quarten (J  dibroiuidc,  C^Br,,.  BiY 

auintine,  or  Valerylene,  C5HB,  is  obtained  by  healing  quintcne  bromido 
with  alcoholic  polush  (which  abstracts  hydrohromio  acid),  distilling  the 
liquid  separated  Irani  the  product  by  waicv.  and  collcciL:te;  that  which  passes 
over  between  44°  and  46°  C.  (111°-115°  F.) : 

CaII|0Bra     —     2IIBr     =     CSH8. 

Quintlne  is  a  colorless,  very  mobile  liquid,  which  limits  on  water,  and  is 
nearly  insoluble  therein,  it  liasa  poujrenl  alliaceous  odor,  boils  at  44°  to 
46°,  and  has  a  vapor-density  of  ■2;i:>>i ;   it   is   not    absorbed  by  ainnioniacal 

Qiiintine  forms  two  scries  of  compounds  :  the  one  composed  of  incomplete 
bodica  still  capable  of  rising  (wo  a; .tins  ut  chlorine,  h routine,  or  other  monad 
element,  or  one  molecule  of  hydrobvomic  or  hydrochloric  acid;  the  other 
composed  of  sal  urnlcd  bodies: 

Dyadic. 
Dibromide       .         .     C,H9Br, 
Monohydrobromidc       C,H„.  HB 

bromide  .     C5Ha.  IIBr.  Br, 

lliln-drobromhle      .      t;.U9.  ll,lir„ 
lliliydrmdilurido  Csi!s.  EU'la 

Diaeet.ate       .         .     CSH,J  ,»n^, 
M.;  Dibydrate      .         .     Q,H,{    (0^ 


Monohydrale  .  ,     C5HB 


The  bromides,  hydro  bromides,  bydrcohloiiaes,  and  hydriodidos  ore 
formed  by  direct  combination  ;  i-iie  acotatcs  by  heating  I  lie  dihydrobromide 
in  sealed  tubes  with  silver  acetate  suspended  in  ether;  the  hydrates  by 
treating  the  corresponding  acetates  with  solid  potash.  These  oompounda 
are  all  liquid  at  ordinary  tempera  I  ares.  The  dibioniido,  treated  with  pot- 
ash in  alcoholic  solo!  ion.  is  eon  vert  sal.  by  abstraction  of  hydrobromic  acid, 
into  q-.tiuto'ic,  or  vaLykm,  C6ff6  (—  CsrIsBrt— 2HBr). 

Sextine,  or  Diallyl,  ('nil,,,  is  produced:  1.  By  decomposing  allyl  iodide, 
GaHjI,  with  an  alloy  of  tin  and  sodium.  '1.  Together  with  many  other  pro- 
ducts by  heating  allyl  iodide  in  sealed  tubes  wiili  zinc  ei.hide.  It  iaaUquid 
which  boils  at  u8°  0.  (loll"  l'.l,  and  forma  two  series  of  compounds,  one 
saturated,  the  other  dyadic,  analogous  to  those  of  ijuinliue,  nod  obtained  by 

*  A.  Wurtz,  Ann,  Ohm.  riivs.  [i;,  iii.  12J.  — Jahreactricht  fiir  Clieioie,  ISI5J,  p.  210. 
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Tlie  known  hydrocarbons  of  this  series  are  '/n  intone,  or  uafyJBne,  C6HB, 
produced  by  abstract  ion  uf  hydrogen  from  quintiuo,  CSU8;  and.  certain 
volatile  oils  called  terpenes,  having  the  composition  * "  10 1 T Je.  and  existing 
ready-formed  in  plants.  The  former  is  sexvalent  anil  quadrivalent ;  the 
latter  are  quadrivalent  and  bivalent. 

Quintone,  or  Valylena,  C,I1B.  is  formed,  as  already  observed,  by  the  action 
of  alcoholic  potash  on  qnini.inc  dihvuuihto,  i.'-3ll,ISv.,.  iind  passes  over,  to- 
gether with  a  little  quiniine.  between  4.">°  and  hi)"  "C.  (113°-122°  F.).  It 
maybe  obtained  pun.!  by  [.ranting  the  mixture  with  untmoniaca!  cuprous 
chloride,  which  precipitates  tin:  quintono.  but  not  the  qtiintine;  and  on 
warming  the  precipitate  with,  dilute  hydrochloric  acid,  the  qumt.ine  passes 
over,  and  may  be  condensed  )>v  a  fvoe/itig  mixture.  It-  is  a  light  liquid, 
boiling  at  about  5(1°  C,  (122°  F.)  With  bromine,  in  a  freezing  mixture,  it 
forms  a  crystalline  mass,  consisting  of  i/'iiniime  li-~z!>rr,ii,itle,  CsIT6Br6,  satu- 
rated with  a  til  id;  liquid,  which  is  a.  mixture  of  the  compounds  IJ,II.Br0, 
CfII,Br4,  and  probably  CjH.Br,. 

Terpenes,  C:oTf|G. — These    bodies    are    volatile    oils,    existing    in    plants, 

formed  by  any  artificial  process.  The  most  important  member  of  the  group 
is  turpentine,  oil,  wliicli  is  contained  in  the  wood,  barb,  leaves,  and  other  parts 
of  pinea,  firs,  and  other  coniferous  trees,  ami  is  usually  prepared  by  dis- 
tilling crude  turpeuliai!,  tin:  nieo-resinous  juice  which  ox  tales  from  incisions 
in  the  bark  of  the  trees,  cither  alone  or  with  water.  It  was  formerly  sup- 
posed that  all  the  volatile  oils  thus  obtained,  and  li nving  the  composition 
C,0HI8,  were  identical  in  chemical  and  physical  properties;  but  recent  in- 
vestigations, especially  those  of  Ihtrthclot,  have  shown  that  the  turpentine 
oils  obtained  from  different  sources  exhibit  considerable  diversities  in  their 
physical,  and  more  especially  in  I  heir  optical  piaiportio.s;  further,  that  most 
kinds  of  turpentine  oil  are  mixtures  of  two  or  more  isomeric  or  polymeric 
hydrocarbons,  differing  in  physical  and  sometimes  also  in  chemical  pro- 
perties. These  modifications  ma:  often  pr<iduced  by  the  action  of  heat  and 
ot'clicinical  readouts  during  [lie  purific.iiion  of  the  oil. 

The  several  varieties  of  ti.ivpeut.ine  oil,  when  purified  by  repeated  rectifi- 
cation with  water,  are  colorless  mobile  liquids,  having  a  peculiar  aromatic 
but  disagreeable  odor.  They  a.rc  insoluble  in  water,  slightly  soluble  in 
aqueous  alcohol,  triiscilile  in  nil  pro  port  ions  wit  Is  alisohue  alcohol,  ether,  and 
carbon  disulphide.  They  dissolve  iodine,  snipluir,  phosphorus,  and  many 
organio  substances  which  are.  insoluble  in  water,  sueh  as  fixed  oils  and 
resins,  a.nd  are  therefore  used  for  making  varnishes. 

The  principal  varieties  are,  Vrenoh  turpentine  oil,  obtained  from  the 
French  or  Bordeaux  turpentine,  of  Finns  mnrili.ma,  and  English  turpentine 
oil,  from  the  turpentine  collected  in  Carolina  and  other  .Southern  States  of 
the  American  Union,  from  Finns  Aits-'riiHs  and  Finns  tceda. 

French  turpentine  oil,  when  purified  by  neutralizing  it  with  an  alkaline 
carbonate,  and  then  distilling  it,  tivst.  over  the  waicr-bath,  and  then  in  a 
vacuum  (by  which  I  veal  men!  a  I1,  trans  form  at  ion  of  She  product  by  hoat  or 
by  reagents  is  avoided;.,  consists  mainly  of  a  hydvocai  linn,  CL0H15,  called 
'■■i-''.--ii' :■,■■!.,:  li  has  n.i.peiaiio  gravitc  of  O'-SiM,  boils  at  Hi  PC.  (M22:)  I''.),  and 
turns  the  plane  of  polarisation  of  a  ray  of  light  to  the  left,  English  tur- 
pentine oil,  treated  in  n  similar  manner,  yields,  as  its  chief  constituent,  a 
liquid  called  austndnt'.,  or  ti:tsir'ttcr?!ii;t;h<-n,\  having  the  same  specific  gravity 
and  boiling  point  as  tern bentb cue,  but  turning  the  plane  of  polarization  to 
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When  pure  turpentine  nil  fici'ei.ieuthenc  or  au-i!';denc.  i  is  heated  to  i!(!(P-- 
25(P,  it  undergoes  it  molecular  transformation,  and  may  then  beseparated 
by  distillation  into  two  oils,  otic  called  o.o.ttrayaroko.-:.  isomeric  with  the 
original  oil,  and  boiling  nt  17(i°  to  178°  (!.  (;;18°-:JW  F.) ;  the  other,  called 
metaierebeathene,  polymeric  with  the  cHirma]  oil.  having  the  formula  CS0II3,,, 
and  boiling  at  a  temperature  above  36U°  C.  (680°  F).  Both  are  levo'rota- 
tory,  the  latter  exhibil  it! a;  tho  greater  mi d  of  rotalory  power. 

Turpentine  oil  treated  vvitdi  boron  ihi.ori.fk  or  strong  •!ti./d\urk  acid,  is  trans- 
formed into  two  hydrocarbons  having  no  notion  ou  polarized  light.  The 
one,  called  ierebcm,  lias  the  formula  CI01T|5,  and  boils  at  160°  C.  (320°  F.) ; 
the  other,  called  cnl'i/ih-yie,  or  dit'O-rlniin.  consists  of  i!.0H31,  and  boils  at  a 
Very  high  temperature. 

By  the  action  of  sodium  stiarotr.  on  a  solid  compound  of  turpentine  oil 
and  hydrochloric  acid  to  be  presently  described,  a  crystallized  hydrocar- 
bon, C|0H,6,  called  c'lin/ih'tie,  is  formed,  which  turns  the  plane  of  polariza- 
tion to  tho  left  or  1o  the  right,  according  as  it  has  been  formed  from  French 
or  from  English  turpentine  oil.  If  sodium  ow/titc  be  used  in  its  prepara- 
tion in  place  of  tliii  sl.en.ra.fo.  she  smru!  hydrocarbon  is  obtained,  but  it  is 
llien  optically  inactive. 

Turpentine  oil  evpu-tcd  to  (lie  <iir  absorbs  oxygen,  which  then,  as  in  all 
slow  combustions,  acquires  lite  properties  ol'  cone,  and  subsequently  en- 
ters into  combination  witjh  the  hydrocarbon,  forming  eesinous  products. 
Nitric  acid,  and  other  powerful  oxidi/.iiig  agents,  convert  turpentine  oil  into 
a  number  of  acid  products  of  complex  cuitstilution,  Strong  nitric  itcid 
acts  very  violently  nn  turpentine  oil,  soitielimos  sotting  it  on  fire. 

Chlorine  is  absorbed  by  lurpenliuc  oil,  with  evolution  of  heat,  sometimes 
sufficient  to  produce  inflammation.  When  paper  scaiied  in  rectified  tur- 
pentine oil  is  introduced  into  ti  vessel  tilled  with  chlorine,  the  turpentine 
takes  fire,  and  aqna.ntii.y  of  black  smoke  is  produced,  together  with  white 
fumes  of  hydrochloric  acid.  llrvmao:  acts  in  a  similar  manner.  Iodine  is 
dissolved  by  turpentine  oil,  forming  at  tir.st.  a  green  solution,  which  after- 
wards becomes  hoi,  ami  gives  oil'  hydrioiiie  a.eid.  When  a  considerable 
quantity  of  iodine  is  suddenly  brought  in  contact  '.villi  turpentine  oil,  ex- 
plosion frequently  ensues.  To  evict;;.-;  no  oil  distilled  iv.lt  a  chloride  of  lime,  and 
water,  yields  chloroform. 

Compounds  of  lit'pr-.ntiio:.  oil.-  -Turpentine  oil  forms  several  compounds 
with  hydraeidork  aei.d.  The  gaseous  acid  converts  it.  into  the  monohydro- 
chloride,  C.^H^.  HC1.  On  the  other  hand,  when  the  oil  is  subjected  for  sev- 
eral weeks  to  the  action  of  1  he  strong  aqueous  acid,  crystals  of  a  dihydro- 
chloride,  C,0rl]6.  211(11,  arc  obtained.  This  latter  compound  is  also  formed 
by  the  action  of  hydrochloric  acid  gas  on  kmoiioil;  hence  it  is  called  citrem 
dihydrochloride.  By  the  notion  of  hydrochloric  acid  on  terebene,  the  com- 
pound CjoHj,  .  I1C1  is  formed,  (tailed  dikrihnic  lydroddorids.  Lastly,  when  a 
current  of  hydrochloric  acid  ga.s  it  jiassed  through  a  solution  of  turpentine 
oil  in  acetic  acid,  the  compound  G.,0i!3i,.  Ill  1  CI  Is  produced,  called  dipyroi.au 
hydrochloride. 

J/ydrooromic  and  hydriodk:  adds  form,  willi  oil  of  turpentine,  compounds 
analogous  in  composition  io  tho  hydrochloride.;  the  diltydriodide,  however, 
has  not  been  obtain. -A  from  turpentine  oil  itself. 

Whatever  method  may  be  adopted  for  preparing  the  hydrochlorides,  hy- 
drobromides,  or  the  mouoltydriodiilo  ol'  turpentine  oil,  there  are  always 
two  isomeric  modifications  obtained  —  one  liquid,  the  other  solid  and  crys- 
talline. The  crystalline i.l  tniimdmlroohlnrido  is  souteliines,  though  inap- 
propriately, designated  a.s  u.rfiidal  eaiiiphor,  :ind  the  diliydrochioride  as 
lemon,  camphor. 

Hydrates  of  'I'ttr^niinc  od. —  The  ierebcnl  hones  unite  with  water  in  sev- 
eral proportions,  yielding  the  following  compounds: 
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CnHH.30H, 

Terpin 

hydrate.  hydra 

Terpin  hydrate,  C,„III6  .  20Ha  .  Aq.  (also  called   Turpentine-camphor  and  7/i/- 

drute  of  Twpaitim-'iti),  if  fretmcully  deposited  in  crystals  from  turpentine 
oil  containing  water;  its  production  is  favored  by  i  lie  presence  of  an  acid. 
To  prepare  it,  8  vols,  turpentine  oil  are  mixed  with  2  vols,  nitric  acid  and 
J  to  6  vols,  alcohol;  :i.ud  the  mixture  it  frequently  shaken  during  tho  first 
few  days,  then  left  io  itself  in  shallow  vessels  for  several  weeks.  Brown 
crystals  are  thereby  formed,  which  miisi  lie  pressed,  and  thou  recrystal- 
lized  from  boiling  water,  with  addition  of  animal  charcoal. 

Terpin  hydrate  usually  crystallizes  in  lav»c  rhombic  prisms;  It  dissolves 
Sparingly  in  cold,  oa.-ik'  in  boiling  water,  ea.sily  also  in  alcohol  and  ether. 
At  100°  C.  (212°  ¥.)  it  melts,  gives  off  its  water  of  crystallization,  and  is 
converted  into  terpin.  The  same  change  takes  place  on  exposing  the  crys- 
tals to  air  dried  over  oil  ef  vitriol. 

Terpin,  C10TIIS  .  2011',,  melts  at  lo:;"  C.  (2.17°  F.l,  and  solidifies  in  the  crys- 
talline state  on  cooling.  H  sublimes  at  about  1  SU°,  In  slender  needles.  It 
is  dissolved  with  rod  color  by  strong  sulphuric  acid,  and  converted  into 
turpentine  oil.  The  same  change  takes  place  on  boiling  the  terpin  with 
dilute  ackls,  heal  in  ir  it  to  UK.)'1  C.  ;'2I2:)  F.i  villi  tine  chloride,  or  to  1G0°- 
180°  C.  (320°-356o  f\)  Willi  chloride  of  calcium,  strontium,  or  ammonium. 
Terpin,  or  terpin  hydrate,  subjected  to  I  In;  action  of  gaseous  or  aqueous 
hydrochloric  acid,  or  of  the  chlorides,  bromides,  „r  iodides  of  phosphorus, 
is  converted  into  the  cry  si  alii  zed  ilihyrlroehloriile,  dihydrobromide,  or  dihy- 
driodide;  this  is  in  fact.  ri:e  only  way  of  obtain  in «  the  last-mentioned  com  ■ 
pound.  Terpin,  dislilled  v.-illi  phosphoric  oxide,  yields  tcrchene  and  colo- 
phene  (p.  485).  Heated  v>i(!i  iicctie  or  butyric  acid,  or  with  benzoic  chlor- 
ide, it  yields  terebono  and  poll  tcrobenes.  When  heated  with  acetic  oxide, 
(C,H0O),O,  to  140="  C.  (284°  F  ),  for  not  too  long  a  time,  it  yields  a  com- 
pound containing  t'ljH,,;.  0,1  !<0,  .  OH2. 

Terpeii./in  h/dfiiii,  t'L!jli|B  .  OIL.  is  somclimcs  obtained  in  the  preparation 
of  terpin,  either  together  wii  h  the  latter  or  alone.  It  is  a  liquid  insoluble 
in  water,  and  boiling  at  200°    22(1°  (J.  (o02°-428°  F.). 

Te.rphiol,,  2C10H]0  .  Oil,,  is  produced  when  terpin  is  boiled  with  dilute 
hydrochloric  or  sulphuric  acid,  or  when  I  lie  di  hydrochloride  of  terebene  is 
boiled  with  water,  alcohol,  or  alcoholic  potash.  It  is  a  colorless,  strongly 
refracting  oil.  op-icullv  inactive,  anil  boding  with  partial  decomposition 
at  168°  C.  (884°  S.). 

The  hydrocarbon,  CK,1I|G  (deconc  or  torehenihenei,  acts  as  a  quadrivalent 
radical,  capable  ef  uniiing  with  four  monad  atoms,  and  therefore  with  two 
molecules  of  the  acids  1101,  HI.tr,  and  111,  thereby  producing  the  dihydro- 
ehlorides  above  mentioned  ;  but,  like  other  lei  fail  radicals,  it  can  also  take 
up  only  two  monad  atoms,  producing  Ilic  monobydroohlorido,  &c.  The 
same  tetrad  radical,  by  doubling  itself,  loses  two  units  of  equivalence,— just 
as  two  atoms  of  carbon  when  united  are  sat  islicd  by  six,  and  not  by  eight 
atoms  of  hydrogen,  ami  forms  the  hydrocarbon.  V.„gUs.„  which  is  sexvalent, 
and  can  therefore  form  such  compounds  as  O.,0M.;  .  SIIC1.  Further,  this 
Same  hexad  radical  might  form  non-saturated  come-omuls  containing  only 
four  or  two  monad  atoms:  in  realit.v,  however,  only  those  containing  two 
monad  atoms  are  known,  such  as  C,,,^.  IIC1. 

If  in  the  several  hydrochlorides  each  atom  of  chlorine  be  replaced  by 
hydroxy!,  HO,  we  obtain  the  formuhe  of  the  several  hydrates 'of  turpentine 
oil;  the  hydrate  oonvspoituing  to  the  hydruchl.jvalu,  t  'a(1HM .  HC1,  has  not, 
however,  been  prepared. 
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Voiatiie  Oils  isomkhic  with  Turpentine  Oil.— The  following  volatile 
or  essential  oils  obtained  from  plants   exhibit,  lika  oil  of  turpentine,  the 

composition  CI0H|9. 

Terpens.?  from  Auriin/iiisni't.i  }i!n>its. — These  icrpones  five  distinguished  by 
their  fragrant  odor.  Lemon  oil,  obtained  from  the  rind  of  the  fruit  of  Cit- 
rus limomim,  by  pressure,  or  ljy  distillation  wil  h  water,  consists  mainly  of 
eitrene,  C|UHS,  a  hydrocarbon  ciosciy  resembling  icrebouthene,  Laving  a 
specific  gravity  of  6-riO  at  h?,  boiling  at  HiTc  or  KiS",  turning  the  plane 
of  polarization  to  the  riglit.  Wish  water  ir.  forms  a  crystallised  hydrate 
resembling  terpin  ;  wil  ii  hydrochloric  acid,  a  di  hydrochloride,  C,0H|8.  211  CI, 
existing  in  a  solid  and  a  liquid  modification,  and  :i  nmnohydiochloride, 
C...,1)|S  .  I  [CI.  apparently  susceptible  of  similar  modifications. 

Similar  oils  arc  obtained  front  the  rind  of  the  sweet  urange  (Citrus  auran- 
thtm),  tho  bergamol  SO.  /icrynviin),  the  bigarade  or  bitter  orange  (C.  %ttra- 
A'u),  the  lime  {('!.  Ihm-tt.-i).  the  sweet  lemon  if.',  hahia),  and  tlie  citron  (C. 
medico].  Oil  of  ncroli.  obtained  hy  uistilling'oi'angc-tlowers  with  water,  is 
probably  also  a  terpens  when  pure. 

Tcrpcnes  from,  oilier  wiun--?. — The  volatile  • , i  1  -■  of  athatr.anta,  beech,  borneo 
(from  Dryabalanops  cimpliGru),  caoutchouc,  caraway,  camomile,  coriander, 
elenii,  gomart,  hop,  ,inui|iei',  impcratoria,  laurel.  parsley,  pepper,  savin, 
thyme,  valerian,  and  others,  also  the  neutral  oils  of  wintcrgreen  (Gaul- 
tluvriti priicunibtiKi),  and  cloves,  arc  isomeric  with  'ii!  of  turpentine.  Tho  oils 
of  copaiba  and  cubebs  arc  probably  poly  nitric  with  it,  their  molecules  oon- 
taining  CMHS2. 

Ctiiiutchuuc,  or  hutia-riihbi-r,  the  thickened  milky  juice  of  several  species 
of  Hn«,  Eii-pltorbin-  ami  other  trees  growing  it;  tropical  countries,  is  essen- 
tially a  mixture  of  several  hydrocarbons  isomeric  or  polymeric  with  turpen- 
tine oil.  When  pure  it  is  nearly  white,  the.  dark  color  of  commercial 
caoutchouc  being  due  to  tho  effects  of  smoke  and  other  impurities.  It  is 
softened  but  not  dissolved  by  boiling  water:  it  is  also  insoluble  in  alcohol. 
In  pure  ether,  rectified  petroleum,  ami  coal-tar  oil,  if  dissolves,  and  is  left 
unchanged  on  the  evaporation  of  the  solvent.  Oil  of  turpentine  also  dis- 
solves it,  forming  a  viscid,  adhesive  mass,  which  dries  very  imperfectly. 
At  a  temperature  a  little  above  the  boiling  point  of  water,  caoutchouc 
molts,  but  never  after  wards  returns  to  its  former  clastic  stale,  Pew  chemi- 
cal agents  affect  ibis  substance :  hence  lis  great,  use  in  chemical  iovestiga- 
tions,  for  connecting  apparatus,  &t.  By  destructive  distillation  it  yields  a 
large  quantity  of  a  thin,  volatile,  oily  liquid,  of  naphtha-like  odor,  called 
cttouiehoticin,  wdiich  dissolve-  caoutchouc  with  facility.  This  oil,  according 
to  Mr,  Greville  Williams,  is  composed  of  two  polymeric  hydrocarbons: 
caoutehin,  C^II,,,  boiling  ai  171"  C.  y,l{)"  I'M,  and  isnprene,  C5HE.  boiling  at 
37°  C.  (99°  F.). 

Caoutchouc  combine*  with  variable  proportions  of  sulphur.  The  mix- 
tures, thus  obtained  are  called  ■enli-.-misat  India-nilihcr ;  they  are  more  per- 
manently clastic  lean  pure  caoutchouc. 

Vulcanite,  or  Btioiuit,  is  caoutchouc  mixed  with  half  its  weight  of  sulphur, 
and  hardened  by  pressure  and  healing.  II  is  ^fry  hard,  takes  a  high 
polish,  and  is  used  for  making  combs,  knife-handles,  buttons,  &c.  It  is 
also  especially  distinguished  by  the  large  quantity  of  electricity  which  it 
evolves  when  rubbed  ;  hence  it  makes  an  excellent-  material  for  the  plates 
of  electrical  machines. 

Gutta-percha,  the  hardened  milky  juice  of  Ts'ii/'inil-rn  ffu'/a,  a  large  tree 
growing  in  Malacca  and  many  of  tiie  islands  of  the  .Knstern  Archipelago, 
is  similar  in  composition  le  caoulchouo,  and  resembles  it  in  many  of  its 
properties,  but  is  harder  and  less  el  a  si  ie.  Ills  quite  insoluble  in,  and  im- 
pervious to,  water,  and  being  also  an  excellent  electric  insulator,  is  exten- 
sively used  as  a  ca-Lng  i\:r  suiiL_iari:ie  telegraph  iviros.      By  dry  distillation 
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ieavy  oil  culled  htuuim,  probably  jsoly- 

Volatilk  or  Essential  Oils  IB  OENEnM,. — TUe  volatile  oils  obtained 
from  plants  mostly  consist  either  of  hydrocarbons  isomeric  or  polymeric 
with  turpentine  oil,  or  of  mixtures  of  those  hydrocarbons  with  compounds 
of  carbon,  hydrogen,  and  oxygen.  Thus  valerian  nil  contains  valeric  acid, 
C6H|00a;  pelargonium  oil  contains  uetai  eouic  acid.  C(JII|B0„;  rue  oil  con- 
tains oupric  aldehyde.  t.'tll..,0;  whiles  green  "oil  contain^  acid  methyl  sali- 
cate,  CgfljOj,  the  oxygenated  compound  boiua;  associated  in  each  case  with 
a  terpene.  Some  Consist  esscr.:ially  of  aldoayde.s:  thus  bitter  almond  oil 
Consists  of  benzoic  aldehyde,  C7II,.()  ;  the  oils  of  cinnamon  and  cassia  con- 
tain cinnamic  aldehyde,  (.'.ilB0  ;  ami  those  of  a.uise.  star-anise,  fennel,  and 
tarragon,  contain  auethol,  L']0[T].,!J,  Those  volatile  oils  which,  exist  ready 
formed  in  living  plants  do  not  appear  to  contain  any  elements  "besides  car- 
bon, hydrogen,  and  oxygon.  Sulphur  is  found  only  in  certain  oils  result- 
ing from  a  kind  of  ferine  n  tali  on  process,  as  in  the  volatile  oils  of  mustard 
and  garlic;  nitrogen,  when  it  occurs,  must,  be  regarded  as  an  impu- 
rity resulting  from  ai.lniis.ed  vegetable  tissue.  Volatile  oils  are  mostly 
procured  by  distilling  the  plant,  or  part  of  (lie  plant,  with  water; 
their  points  of  ebullition  almost  always  lie  above  that,  of  water;  never- 
theless, at  100°  the  oils  emit  vapor  of  very  considerable  tension,  which 
is  carried  over  mechanically,  and  condensed  with  the  steam.  The  milky 
or  turbid  liquor  obtained  separates,  when  loft  at  rest,  into  oil  and  water, 
Sometimes  the  oil  is. heavier  than  the  water,  ami  sinks  to  the  bottom: 
sometimes  the  reverse  happens.  From  parts  of  plants  which  arcvery  rich 
in  volatile  oil,  such  as  lemon  and  orange -peel,  t  lie  oil  may  be  extracted  by 

A  few  volatile  oils  are  found  in  the  bodies  of  animals, —  oil  of  ants,  for 
example . 

Most  volatile  oils  are  colorless  when  pure  ;  they  often,  however,  have  a 
yellow  color  arising  from  impurity;  and  a  few,  the  oils  of  wormwood  and 
"camomile,  tor  example,  have  a  green  or  bine  color,  due  to  the  presence  of 
an  oilv  compound  of  a  very  deep  blue  color,  called  ccruh'm.  They  have 
usually  a  powerful  odor,  and  a.  pungent,  burning  taste.  "When  exposed  to 
the  air,  they  frequently  become  altered  by  slow  absorption  of  oxygen,  and 
assume  the  character  of  resins.  They  mix  in  all  proportions  with 
fat  oils,  such  as  linseed,  nut,  colia,  and  whale  oils,  and  dissolve 
freely  both  in  ether  and  alcohol:  from  the  latter  solvent  thoy  are 
precipitated  by  tho  addition  of  water.  Volatile  oils  communicate  a 
greasy  stain  to  paper,  which  disappears  liy  wanning  ;  by  this  character 
any  adulteration  with  Used  oils  can  be  at  once  detected.  Many  volatile 
oils,  when  exposed  to  cold,  separate  into  a  solid  crystalline  compound 
called  a  camphor  or  Me.arcptelie..  and  a  liquid  oil,  which,  for  distinction,  is 
some  times  called  an  dicuptens. 


Fifth  Series,  C^H^-j. —  Aromatic  Hydbocaeboss. 

The  hydrocarbons,  of  this  series  present  peculiar  interest  mi  account  of 
the  many  important  derivatives,  including  alcohols,  acids,  bases,  &c,  to 
which  thoy  gave  rise.  The  whole  group  of  compounds  thus  formed  .aro 
usually  designated  as  aromatic  bodies,  on  account  of  the  peculiar  and  fra- 
grant odors  exhibited  by  some  of  them,— benzoic  acid,  for  example. 
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They  are  all  found  ('except,  (lit:  las-l)  in  the  liabter  pari  of  the  oil  obtained 
by  the  destructive,  distillation  of  coal,  and  may  be  separated  from  one 
another  by  fractional  distillation. 

These  hydrocarbons  might  bo  regarded  as  derived  from  the  correspond- 
ing paraffins  by  abstraction  of  S  atoms  of  hydrogen  (e.  g.,  CsHs--=CtHM — 
Hs),  or  from  the  olelines  by  abstraction  of  0  atoms  of  hydrogen,  &c. ;  and 
accordingly  they  might  be  expected  lo  act  us  nclovidout,  sexvalent,  quad- 
rivalent, or  bivalent  radicals ;  and,  in  fact,  cymene  can  combine  with  two 
atoms  of  chlorine,  and  benzene  1'ihtus  Jelinito  compounds  with  6  atoms  of 
chlorine  and  of  bromine,  lint  in  nearly  all  cases  I  lie  aromatic  hydrocar- 
bons react  as  satn rated  moire  ales,  like  the  paratlms,  yielding,  when  treated 
with  chlorine,  bromine,  or  nitric  acid,  not  additive  tola  pounds,  but  substi- 

Benzeue  may  be  represented  as  a  saturated  molecule  by  the  following 
constitutional  formula,  in  which  the  ear  turn -atoms  are  united  together  by 
one  and  two  combining  units  alternately ; 

H— C C— H 


H— C~0— H 


'■,,11,, 
CJI",, 


The  other  hydrocarbons  of  the  serie 
eessivo  addition  of  CHa,  or  by  substitut 

C-H,       =    C.HjfCrLl      Methyl- benzene, 

C,Hm  =  Ctll4|(1]l/i.  )>imotiivl-her:,.olic, 
CGIT3tCH3i;  Trimethyl-Wnzcne, 
(■Jl^.tdl.,),     Tetramcthyl-benieiie. 

Further,  a  hydrocarbon  isomeric  wit  li  dimcthyl-bcm/ene  may  be  formed 
bv  the  substitution  of  ethyl,  C.,II,.  for  1  atom  of  iivdro^en  in  benzene,  via., 
otbvl-hemenc.  r6ll5i'C.,U  *'i  :  in  like  maimer.  niothyl-et.hvd-bemtene.'ejj , 
CH,)(C,H6),  and  propyl-b'en/.cno,  (VfII,(f3IL',,  are  isomeric  with  trimethyl- 
benzene;  uiethyi-beii/.enc.  Cal  I..;CJ  I,,),,  with  tetramethyld:ienzene,  &c  ,  So. 
It  is  easy  to  see  that,  in  this  manner,  a  large  number  of  isomcrio  bodies 
may  exist  in  the  higher  terms  of  the  series. 

Benzene,  C6HG. — This  hydrocarbon  can  be  produced  synthetically  from  its 
elements.  When  Bt.li inn,  CJI,.  which,  as  we  have  seen  (p.  486),  may  be 
formed  by  the  direct  combination  of  carbon  and  hydrogen,  is  heated  to  a 
temperature  somewhat  bch;w  rcduos-.  it  is  converted  into  several  polymeric 
modifications,  the  principal  of  which  is  Irinhint.  or  hnizaie,  3C?H;=iC6H6. 

Benzene  is  also  formed  in  the  dry  distiiiiiiioe  ...f  in  a  My  organic  subsi.arices, 
and  is  contained  in  considerable  coniiiiiy  in  tlio  more  volatile  portion  of 
coal-tar  oil,  from  which  it  is  now  almost  always  prepared.  To  obtain  it,  the 
oil  is  repeatedly  washed  with  dilute  solpluiric  acid  and  with  potash,  to  re- 
move ihe  alkaline  and  acid  products  likewise  exiting  in  it;  and  there-' 
maining  neutral  oil  is  submitted  to  repealed  fractional  distillation,  the  por- 
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tion  which  goes  over  between  80°  and  90°  0.  ( 1 7 G°-  194°  P.)  being  collected 
apart.  On  cooling  this  distillate  to  —12°  C.  (10°  P.),  the  benzene  crystal- 
lizes out,  and  may  ho  puritiod  from  ikI in'. i-i -):!■  'iqnia  substances  by  pressure. 

It.  is  no iv  pi-cmired  in  imiiiwisi.:  (nuinl.il ies  fur  tin.'  manufacture  of  aniline  ; 
but  the  commercial  produci  is  always  impure,  containing  also  the  higher 
members  of  the  aromatic  series. 

Pure  benzene  may  be  idjtii  ue.il  by  dividing  ber./.oio  acid  with  lime: 

C,H6Oa    +     CaO    =    C03Ca    4-    C6H« 

Benzoic  Lime.  Calcium       Ben/ene. 

acid.  carbonate. 

Benzene  is  identical  with  (lie  so-called  bh:avb'J?>t  of  h/r?rogtn,  discovered 
ma  civ  veai's  ago  by  Faraday  in  [lie  liquid  condensed  doling  1  tic  compression 
of  oil-gas  (p.  172). 

Pure  benzene  is  a  thin,  limpid,  colorless.  strongly  retracting  liquid, 
having  a  peculiar  ethereal  odor.  It  lias  a  density  of  0-885  at  15-5°  C. 
((10°  P.l,  boils  at  82"  0.  (1B0C  IV}.  ami  solidities  at.  3"  C.  (31°  P.)  to  a  white 
crystalline  mass.  It  is  nearly  insoluble  in  water,  but  mixes  with  alcohol 
and  ether.  It.  dissolves  iodine,  sulphur,  and  phosphorus,  and  a  large 
number  of  organic  substances,  fats  and  resins,  for  example,  which  am  in- 
soluble, or  very  snaring!;'  sululjle  in  water  and  alcohol ;  hence  ila  use  in 
many  chemical  preparations,  and  for  removing  grease-spots  from  articles 

Benzene,  passed  in  the  state  of  vapor  through  a  porcelain  tube  heated 
to  bright  redness,  is  partly  resolved  irnu  liydcogeu  gas,  containing  a  small 
quantity  of  ethine:,  ami  the  following  liquid  products:  (1)  diphmyl,  C,jHB 
=  aCBIIs — IJ2;  {2)  ckrysau:,  C]SH1S  -  3fyiB—  its;  (}'■)  bnxeryLhrene,  a  solid, 
resinous,  orange-col ored  bod;,  of  ntiktiov  a  composition,  which  distils  over 
in  yellow  vapors  a(  a  dull  red  heat.;  (4}  bi'iiM'-i:-',  a  blackish  liquid,  which 
remains  in  the  retort  at  a  dull  fed  boa',  and  solidities  on  cooling.* 

SuESTLTUT.ION-rTiODetors  (if  1Jekz.i-:nk. —  ClileriiH:  and  lmni:hif  act  readily 
on  benzene,  forming  substituiiou-producis,  in  which  the  hydrogen-atoms 
are  successively  replaced  by  ttic  halogen  clement ;  thus  with  chlorine  the 
oompounds 

CSH5CL,         C,H4C1„         CflH3Cla,         C6HSC)4,        C6HC1S,         CeCl6 

are  obtained.  The  formation  of  the  more  highly  chlorinated,  products  is 
facilitated  by  the  preM"?iice  of  iodine  or  of  antimony  pentachloride. 

MowKhlotobmzeiie,  Q.  IJ5("!1,  which  may  also  lie  prepared  by  the  action  of 
phosphorus  poniacbloriile  on  plieuul,  CB1l-;OU},— and  is  licnce  rcgai'.ied  as 

a  chloride  of  the  univale ad ieal  imnoil    i  ..  1 1  .      is  a  colorless  liquid,  heavier 

than  water,  and  boiling  at  about  1  W\  When  treated  with  nascent  hy- 
drogen (evolved  from  water  by  sodium  or  sodium  amalgam)  it  is  reconverted 
into  benzene.  Oiv-hhirnlieii^eiic,  iyi^t'1.,,-  is  a  crysialliue  solid;  trickloro- 
beniene  is  a  liquid  which  docs  not  solidify  at  0°.  The  more  highly  chlori- 
nated benzenes  are  crystalline  soliels. 

Monobromoberizerie,  CjHjUi-,  is  a  liquid;  the  compounds  C6H4Br2,  and 
VJ  l5l'r3,   are  -a^iii  ;    :-  i  1 1 1  i  1 .- ;  I  d  v  with   I  he:  ir-ilobemefOt. 

Tti  csc  haloid  derivatives  of  lieu /.en  e  arc  com  pa  rati  vely  stable  compounds, 
which  do  not  give  off  their  chlorine,  bromine,  or  iodine  in  exchange  for  hy- 
dro xyl  or  other  radicals  so  easily  as  the  corresponding  derivatives  of  the 
paraffins  (p.  478);  thus  nioiLoehlnroben,.ene  or  phenyl  chloride,  C6HSC1,  is  not 
converted  into  hyilroi\l-bonzene  or  phenyl  alooliol,  f'6IT6(0H),  by  treat- 
ment with  water  or  alkalies. 

*  Berthdei,  Bulletin  <le  lit  Socie te  Chimiqoo  da  ParlH,  [2]  vi.  pp.  272,  219. 
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NUrobenunes. — Benzene  dissolves  readily  in  strong   nitric  acid,  and  on 
adding  water  to  tliu  solalion,  -i'l'm/ia:: !.■!■',  (y,ll.:'.>"0.:i,  separates  out: 
CeHa    +    NOi(OII)     =    OHz    -j-     C6H6N02. 

It  is  a  yellowish  li'juiil,  smelling  lil-c  bitter  almond!',  and  hence  used  in 
perfumery  ;  it  is  known  commercially  by  Urn  iiiBiricct  uaiiii:  of  aii/fiaul  nil 
of  almonds.  By  reducing  agents  it  is  converted  into  ainidobenzene  or  ani- 
lino,  i1sir.v;S.,[l),  which  will  be  described  among  i:t»;uiic  lusts, 

Dmitrobenzene,  C6lT4N.,t),.  or  C „)!.,■; NO,),.  produced  by  warming  benzene 
with  a  mixture  of  nii  fit-  ami  sulphuric  acids,  is  n  white  substance,  crystal- 
lizing in  needles :  by  reducing  agents  it  is  converted  into  diamido- benzene 
or  phenylene-diamiue,  C6H4(Kf(a)i!. 

Additive-compounds  of  He\ki-:\e.  —  Benzene,  although,  as  already  ob- 
served, it  mostly  reacts  its  it  saturated  molecule —  exlnbitiug  indeed  in  its 
chemical  relations  a  very  close  resemblance  to  tin;  parading —  can  never- 
theless, under  certain  circumstances,  take  up  !>  atoms,  or  ?,  molecules,  of 
chlorine  or  bromine,  forming  i  he  compound?  l'6HB(!l6,  and  CstJ9Bi't.  These 
are  crystalline  bodies,  obtai!K;il  by  exposing  ho.uwneto  sunshine  in  contact 
with  chlorine  or  bromine ;  sins  former  :il so  by  mining  (lie  vapor  of  boiling 
benzene  with  chlorine.  Pieiizeue  Uoxchlorido  melts  at.  132"  0.  (270"  P.), 
nod  boils  at  288°  C.  (o-50"  I-'. :.  being  pa  i-t  1  v  resolved  nt  t lie  same  time  with 
hydrochloric  acid  and  lrichb'.robonzet,e:  i\ne<\  =  3HC1  +  C,HSC1S.  The 
same  decomposition  is  quickly  pniducrd  by  Inciting  the  compound  with 
alcoholic  solution  of  potash.      Benzene  liexbromide  exhibits  a  similar  re- 

Bemene  is  also  capable  of  unii  tog  direetlv  with  three  molecules  of  hvpo- 
ehlorow,  acid,  forming  the  compound  i\,ll9Cl3''i:!!  or  C8HC  .  :!C10H,  which  crys- 
tallizes in  thin  colorless  plalos  molting  at  about  1(1",  and  is  converted  by 
alkalies  into  a  saccharine  compound  called  t'l\cin>>v.  i'Bl  1 ,306,  isomeric  with 
glucose  or  grape-sugar: 

C6HeCl30,    -f     30HK    =     8KCI     -f     CeU,fie. 

Toluene,  C,ir8,  or  Methyl  ban zene,  C8HB(CHt). —  Thie.  hydrocarbon,  which 
may  also  be  regarded  as  a  oimjp;iund  of  methyl  with  (he  univalent  radical, 
phenyl,  i.  e.,  as  phenyl- in ethyl,  t'^lb, .  '  ![13,  is  produced  :  .Synthetically  (1)  by 
the  aotion  of  sodium  on  a  mixture  of  broi.:i.>bou/ene  (piionyl  bromide),  and 
methyl  iodide : 

C8HsBr  +  CH3T  -f  Na,  =  NaBr  +  Nal  +  CeHs.CIt,. 

(2)  By  the  mutual  action  of  benzene  (phenyl  hydride),  and  methane 
(meiliyl  hydride),  in  lite  nascent  stitle,  as  when  a  mixture  of  -  parts  of 
sodium  acetate  anil  1  part  of  sodiniu  hen/oato  is   subjeeted  to  dry  distilla- 

C,H,    +    CH4    =    c7ir8    +    IIS. 


CsUi0O,    =    CO,     +     C,H9. 

It  occurs,  together  with  hen'.ene  ;uid  the  other  hydrocarbons  of  the  series, 

in  light  coal-tar  oil,  and   in  the  products  of  the  distillation  of  wood,  tolu 

balsam,  dragon's-blood,  and  ol  her  vogolablo  substances  ;  and,  together  with 

many  other  hydrocarbons,  in  llangoon  lar  or  Burmese  naphtha. 

Toluene  is  a  limpid  liquid,  smelling  like  benzene,  and  having  a  density 
of  <t-W\  at  bcC.  (IP  I''.}.  If.  boils  at  IIP  C.  (2S23  F.),  and  docs  not  solid- 
ify at  — 20°  C.  ( — 4°  P.).  In  rosped.  of  solubility  and  solvent  power,  it 
is  very  much  like  benzene,  but  dissolves  somewhat  more  readily  in  alcohol. 
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When  treated  with  oxidizing  aociils,  it  yields  benzoic  acid,  C7H6Oa,  or  ue. 
rivatives  thereof;  with  potassium  clu  i.uiiai'j  and  snlpli uric  acid,  it  yields 
benzoic  acid;   and  by  ;;i  ■jion^i.-ii  bulling  wiih  s'.rong  nitric  acid,  nitroben- 

1'oluene  vapor  passed  through  a  red -hoi  porcelain  rube  is  partly  resolved 
into  hydrogen  gas  (wii.lt  small  quantities  of  methane  and  ethine),  and  the 
following  liquid  products:  ( 1 )  .Ibjn/.cne  and  napltilialcue  in  considerable 
quantities.      (2)  A  oryslalH/able  hydrocarbon  volatilizing  at  280°  C.  (580° 


V.),   and  probably  consisting   of  dibenzyl,  CH11„. 
1  '      '      ■-'-re,  distilling  above  360° 

nil  liui  lust  dtui'iiiiidsiii 


with  the  last.  (4)  A 
oily  liquid.  (5)  Chr 
The  formation  of  bet 
Hen ted  by  the  equati. 


(If)   A  liquid 
of  anthrax 


CTT3.  imlioau 
ing  a3  the  re 

the  phenyl  a 


CeH,.CH,Cl 

Benzyl  chloride. 

'CgHj.  CE,(OH) 

Benzyl  alcohol. 


These  isomeric  derivative-  differ  c: on «: il c tsi T'ly  from  one  another  in  their 
properties.  Those  on  the  left-hand  column,  formed  by  replacement  of 
hydrogen  in  the  benzene  residue,  are  comparatively  stable  and  indifferent 
compounds,  like  those  derin.'d  in  like  mauiicv  fro  in  benzene  itself;  whereas 
those  on  the  right-hand  column,  formed  by  replacement  of  hydrogen  in 
the  methyl  atom.  are.  more  active  bodies,  easily  exchanging  their  chlorine, 
hydroxyl,  &c,  for  oilier  radicals  by  double  deetuiir.oHii.ioii,  like  the  corre- 
sponding derivatives  of  Hie  paraliius  fji.  (>■">-).  Thus  benzyl  alcohol  treated 
with  hydrochloric  ucid  yields  benzyl  chloride  (just  as  ordinary  ethyl  alcohol 
similarly  treated  yields  ethyl  chloride);  and  ibis  eoiupound  heated  with 
ammonia  yields  ben/,yl amine  ;  the  chloride  is  also  easily  converted  into  the 
acetate,  cyanide,  &c.,  by  treatment-  with  I  lie  com'sporcling  potassium  salts. 
In  short,  these  last-mentioned  toluene  derivatives  exhibit  reactions  exactly 
like  those  of  the  corresponding  compounds  of  liie  methyl  and  etliyl  series, 
and  may  in  like  manner  be  supposed  to  contain  an  alcohol-radical,  C,H,, 
called  betutyl,  or  toinl,  e.g.,  hettzvl  chloride  --  C,H,.C1;  benzyl  alcohol. 
C,H,.OH;'benzvlamino  =  0,11, .  NH„  &o. 

'  (Utlon-'totnaws. — Tiic  action  ..,!'  chlorine  on  toluene  gives  ris 
of  snbsi.itiition-prodiicis,  dii'crittg  in  constitution  according  a 
lakes  place  ;i.t  high  or  at.  low  temperatures.  Compounds  : 
these  are  also  obtained  from  benzyl  alcohol.  Of  the  two  monoehlorinated 
compounds  whose  existence  :.s  indicated  by  theory,  viz.,  luonochlorotoluene 
and  benzyl  chloride,  the  first,  is  produced  at  low,  the  second  at  compara- 
tively high  temperatures,  as  when  lolucue  is  distilled  it.  a  current  of  chlor- 
ine gas,  keeping  the  temperature  between  110°  and  140°  C.  (230°-284°  F.) 
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Of  tho  dichlor  mated  derivatives  of  toluene,  three  isomers  may  exist,  lis.: 

CgHjCl, .  CHj  CMfil .  CaHCl  C6H, .  CHOI, 

iliehloro-  (Jhlorobonzvl  Chl.orobetnol 

toluene,  chloride,  (so  called). 

e  been  obtained,  al  leasi  in  the  pure  state. 
ion  of  chlorine  on  ben/vl  chloride,  or  on 
m  on  oehloro  toluene  ;  it  in  a  liquid  bailing  somewhat  below  200"  C.  (;-!'.!2Q  P.). 
When  treated  with  alcoholic  potash,  it.  easily  gives  up  half  lis  chlorine  (that 
contained  in  the  methyl  atom,)  but  ilio  oilier  half  is  more  obstinately  re- 
tained. C'hlorobnizo!,  or  'hchlor-.mvJiud-hiii:.-.-!!--,  is  produced  by  the  action 
of  phosphorus  pontaehloride  on  benzoic  aldehyde  or  bitter  almond  oil 
(C.E160).  It  is  h  colorless  strontdv  retracting  oil.  which  boils  at  200°  C. 
(4u3"  F.),  and  when  heated  to  12Q°-U:{F  ('.  (2-1B0  2(iii°  F.)  with  water  or 
aqueous  potash,  easily  gives  up  the  whole  of  its  chlorine  in  exchange  for 
oxjei'ii,  rep  rod  uoi  iijj;  ben/.o.ic  aldehyde: 

CbHj.CHCI,    +    OH,    =    2HC1    +     C-H..COH 

Ohio  rob  en  zol.  Benzoic 

aldehyde. 

The  more  highly  chlorinated  toluenes,  CH.CL,  and  C7H4C14,  admit  of  a 
still  greater  number  of  isomeric  nejdi  neat  i  ems ;  but  we  citnnot  here  describe 
them  in  detail. 

Tho  broinoto!ueri':s  are  an  aloe;  ens  in  composition  and  mode  of  formation  to 
the  olilorotoluones,  and  exhibit,  corresponding  isomeric  moditieations. 

Nilrotohtsnes. — jlononHmu-.bi:  :i,.,  i.'JL:  NOjj-  is  formed  by  treating  toluene 
in  the  cold  with  fuming  nitric  aeid.  ami  separates  on  addition  of  water  as  a 
red  liquid;  but  on  redi.stiiling  this  liquid,  collecting  the  portion  which 
passes  over  below  210"  C.  (4fi4"  F.j,  .ami  dissolving  it  in  alcohol,  it  is  ob- 
tained in  white  shining  cryslals,  which  molt,  at  hi"  C.  (l'J,'Jn  F.),  and  distil 
without  decomposition  at  23*°  C.  (W  !■'.).  By  tho  action  of  ammonium 
sulphide  it  is  converlod  iulo  ■nniiio/ii/nt-ii.-',  or  loluitHnn,  U.dlJ NHa).  Dinilro- 
lolame,  C,Ht(NO.,)a,  and  Trinilfi/iiAiiem;  !'.llr,i'Nn.,i;],  are  crystalline  bodies 
obtained  by  (retiring  toluene  with.  hoi.  fuming  nitric  acid.  The  former  is 
converted  by  ammonium  sulphide  into  n'a,  '..'.■,  u:n!'-;;-,  l'Tll6(iSO..'i;  iN.I.Li. 

Xylene,  C3H10,  or  Dimethyl -benzene,  CGH,(ClI3t2,  or  Methyltoluene,  C,H, 
(CHj],  This  body  is  produced  syulhelieallv  by  the  action  of  sodium  on  a 
mixture  of  bromoioltteiie  and  methyl  iodide: 

C6If,Br  .  CHa  +  CH3t  +  Na,  —  NaBr  +  NaT.  -f  C,B4(CH„)a. 

It  is  contained  in  light  coal-naphtha,  and  may  be.  prepared  by  subjecting 
the  least  volatile  portion  of  tiial.  whieb  has  been  distilled  off  in  benzene 
manufactories  to  fractional  distillation,  to  separate  the  portion  which  boils 
at  about  141°  C.  (286°  F.) ;  this  portion  is  shaken  up  with  oil  of  vitriol 
containing  a  linle  filming  sulphuric  acid,  which  dissolves  the  xylene  as 
xyleue-sulphuric  acid.  Oali',nSO, :  this  eonipountl  is  decomposed  by  dry  dis- 
tillation ;  and  the  xylene  which  passes  over  is  pueifietl  by  washing,  drying, 
and  distillation. 

Xylene  is  a  colorless  liquid  of  specific  gravity  0-Rii  .it  19°  C.  (66°  F.), 
and  boiling  at  130°  C.  (282°  F.).  When  passed  in  (he  state  of  vapor 
through  a  rod-hot  tube,  it  is  resolved  into  a  mixture  of  several  hydrocar- 
bons, among  which  tire,  benzene,  toluene,  styrolenc,  rsHs.  napMlm'ene, 
anthracene,  and  its  higher  homu'ogtios.  The  formation  of  some  of  these 
products  is  represented  by  t.lie  follow;]];;  equations: 
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Xylene. 
BC,H„       —       311. 
Xylene. 

Hs 

=        CSHB 

Sly  r..-l--rH-. 
2C,HS        + 

ToluBQB. 

2C,H9        — 

Toluene. 

3H, 

=        C„H10 

Anthraoei 

Xylene  oxidized  with  a  mixlure  of  sulphuric  add  and  potassium  ckromalr; 
is  converted  into  tcrcjjlithiilie  acid,  (.'6I!6<)4;  dilute.  «<",'ric  acid  converts  it 
into  the  intermediate  product,  loluic  acid,  (!sHaOs : 

CgH]0        +        Oa        =        OH.        +         CBRsO- 
C8Hl0        +        08        =      20HS        -f        CBHe04. 

Chlorine  and  bromim-  act  upon  xylene  in  the  Mime  iniitun.tr  as  upon  toluene, 
forming  substitution  derivatives,  which  are  susceptible  of  a  larger  number 
of  isomeric  modi li call usis  than  those  id'  toluene,  inasmuch  as  xylene  con- 
tains two  atoms  ol"  methyl,  whe.rea.s  toluene  contains  only  one;  but  they 
have  mil  been  v<!vy  Minutely  examined. 

There  are  three  nitrozyl'.iiJ-x,  containing  respectively  CBH9(NOs),  CBH8 
(HO,)j,  and  CgHffNOj.j.  The  fii-si  ;md  seei.nrl  arc  produced  by  the  action 
of  cold  fuming  nitric  acid  up™  xylene.  Murii.riiirn-.nil'nfia  a  heavy  oil,  con- 
verted by  reducing  agents  into  xyljdittc,  (.'8M;! M)„j :  dinitroxyUne is  a  solid, 
which  separates  from  dil.mii  alcohol  in  filming  crystals,  melting  at  93°. 
Trimlroxylme.,  formed  by  treating  xylene  with  a  mixture  of  nitric  and  sul- 
phuric acids,  is  a  en  stallinc  bodv,  oonverUid  hi-  reducing  agents  into  dini- 
tcoxylidmo,  I-'sIIiKOjJ^NHj). 


mlpbui 

yields  benzoic  acid.  It-  i-  slov.  li  attui-.-icu  by  bromine,  binning  monolrrom- 
elhylbenzene,  CaH4lk(iyir1,  which  is  si  liquid  boiling  at  ->m°  C.  (3!>2°  F.); 
whereas  monobromo-xylene  boils  at  about  2(l;i°  C.  (807°  !■'.).  Heated  with 
bromine  to  100",  if.  yields  more  highly  heominalod  compounds,  which  arc 
also  liquid.  There  are  lliree  nitro-cthyl  benzenes,  which  are  all  liquid  at 
ordinary  temperatures. 

Isomeric  Hydrocarbons,  C3H1;,.  —  This  formula  includes  the  three  follow- 
ing homeric  bodies: 


The  first  two  have  been  prepared  synthetically. 

TrimSthtt.-benkene,  (yi^CThj),.  also  culled  Cw'-'-.n-  Oiimene,  and  P»eudo- 
cumene.  —  This  hydrocarbon  is  produced  by  the  action  of  sodium  on  a  mix- 
ture of  monobromosylone  and  methyl-iodide  r 

C8HsBr(CH3)s  +  CH,,!  +  Naa  =  HaBr  +  Nal  +  C8II3(CHB)S, 

From  coal-tar  oil  it  is  obtained  by  healing  the  portion  which  passes  oyer 
In  tVaetioiia.1  distillation  near  its  boiling-point,  with  si  rung  sulphuric  nebl, 
decomposing  the  resnltmg  ctimone  sulphuric  acid  by  disi  illation,  atnl  stib- 
jecting  the  product  to  Fractional  distillation.  Ir.  both-  a.l.  160°  C.  (381°  P.). 
The  same  hydrocarbon  oxi>ts  in  Burmese  naphtha.  Willi  !,r.;„ihi-<  ii  yi;  Ids 
iiiutiubrumni.rimclhviheir/etie.  <!J!MKr,  wli'fdi  oeyshillhfs  h'om  alcohol  in 
large  white  laminse,  melting  at  Til"  0.  (168°  F.).     The  dibroimnated  com- 
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pound  appears  to  be  liquid.     No  nilro-d erivaf.lv es  of  pseudo-cumene  liave 
yet  been  obtained. 

Methyl-ethyl-benzene,  or  Ethyl-toluene,  C6H4(CHj)(C2Hs),  is  pre- 
pared by  tho  action  oi' sodium  on  a  mi? lure  of  monobroniotoluene  and  ethyl 
bromide.  It  boils  at  MU3  <!.  ( :i  3  W"  I''.),  and  when  o\idi-/.ed  with  potassium 
chromate  and  sulphuric  :iciil,  yield?  teriiphihaJIc  acid. 

Propyl-bekzsnk,  or  Cuhene,  0„H5(C9H,).  — This  hydrocarbon  is  related 

to  cuminic  aoid,  t*10  II ,.,().,,  in  I  In;  same  ma  unci'  slb  benzene   lo  benzoic  acid, 

and  is  produced  by  distidiiig  mimiith!  acid  with  excess  of  baryta: 

C^HuO,    =    COs    +     C.II,,. 

It  is  also  produced  from  phorone  (C10TI„O)  by  the  dehydrating  action  of 

plui'-'iihiirio  oxide: 

C„,HwO  —  OH2  =  CsH,a. 
Cumene  boils  at  152°-153°  C.  (306o-7°  F.).  By  treatment  with  potassium 
chromate  and  sulphuric  acid,  or  by  prolonged  boiling  v.-iilt  dilute  nitric  acid, 
it  yields  benzoic  tic  id.  When  boiled  veiih  *lro:ig  mi  vie  :;cid,  if  is  converted  into 
nitro-beni  oio  aoid.  Willi  <:M™-i«/mI.  yields,  iiocurding  io  l'itt.ig,*  a  viseid,  non- 
distillable  oil,  probably  cmssisuug  of  Cu 1 1  |,(.'ifi.  (.'iime.ue  dissolves  in  fuming 
nitric  acid,  and  water  added  to  the  soluiiou  throws  down  nitroeumene, 
CBH.|(NOa],  as  a  yellow  oil,  which  by  reduction  yields  aiuidocuinene  or 
cumidino,  C.H^NH,). 

Mesityleke. —  This  compound,  likewise,  isomeric  with  cumene,  is  pro- 
duced in  small  quantity  lit  distilling  acetone  made  up  into  a  paste  with 
sand,  with  strong  sulphuric  acid,  and  is  purified  l>v  repeated  i'r actional 
distillation,  finally  over  sodium.  It  is  a  liquid  which  boils  at  163"  C.  (325°  ¥.), 
and  when  oxidized  with  potassium  chvomati;  ujtd  sn I film vie  acid  yields  a.ootic 
acid,  but  no  benzoic  acid.  Hence  it  appears  io  ham  it  constitution  totally 
different  from  that  of  the  aromatic  hydrocarbons.  Treated  with  cold  fum- 
ing nitric  aoid,  not  in  excess,  it  yields  liquid  nitrome.siiylene,  CBH„(NO.,) ; 
when  dropped  into  cooled  fuming  nitric  acid  it.  forms  eryKtflllizable  dini- 
tromesitylene,  CaII1),(>!().i)„ ;  and  when  treated  hi  like  manner  with  a  mix- 
ture of  oil  of  vitriol  ami  Aiming  nitric  acid,  it.  is  converted  into  trinitro- 
mesitylene,  CjTIjfXOjV,.  Tliese  three  nitvo-eompoitm.ls,  subjected  to  the 
action  of  reducing  agents,  yield  the  three  amid'i-eiiinpounds,  amido-mesi- 
tylene,  or  mesiditic.  t',.,ll..:Xii ,'.  nitroniestdinc.  I..'  U,.i  _NO/itNM.s),  and  din  i- 
tromesidine,  Cail9(MOs)2(NHa). 

Isomeric  Hydrocarbons,  C„HM.  —  Theory  indicates  the  existence  of  five 
bodies  of  this  group,  vi/..  Iciramelbyl  benzene,  dimetliyl-ethyl-benzene, 
diethyl-benzene,  mcjliyl-pi'ofyl-'ii'ji/eiie,  a.:jil  ipmru  i-bonzene.  Of  these 
the  second  only  ha-  been  prepared  synthetically.  Tetraiiietliyl-benzeuo 
probably  occurs  amongst  the  produeis  of  the  destructive  distillation  of 
coal;  but  it  has  not  been  isolated.  Cymrare,  a  hydrocarbon  existing  in 
various  essential  oils,  is  probably  methyl  -propyl-benzene. 

Dimethyl-ethyl-beszenr,  or  E thy L- XYLENE,  C6H3(CH,)2(CSHB),  is  pre- 
pared by  treating  a  mixiuri;  of  uiotioliromoxyle-ne  ami  elliyl-bromide  with 
sodium..  It  boils  at  HW-ISC  (J.  (:?<>l°-:!«il°  I'.).  With  bromine  it  forms 
heavy  oily  compounds,  and  with  a  large'-  excess  of  bromine  a  crystalline 
compound.  By  prolonged,  -.earmiiig  v.'itii  a  inixturo  of  fuming  nitric  and 
sulphuric  acids,  it  viehis  a,  crvsia.lllno  irinii  ro-derivai.ive,  melting  at  111)0 
C.  (2*i°  F.). 

Cykene.  —  This  name  is  applied    io   two   isomeric   hydrocarbons,  C,0H,4, 

agreeing  in  composition,  but  differing  in  some  of  their  physical  and  chem- 
ical properties. 
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500  HYDROCARBONS. 

o.  Cymene, — This  hydrocarbon  exists,  together  with  auminic  aldehyde. 
the  essential  oil  of  Roman  cumin  (  Cummvm  ri/mimi.™.},  and  may  be  obtain 
by  distilling  that,  oil  '.villi  stleolifilic  sohilion  of  potash,  the  ouminic  ahlehj 
being  converted  into  cymeno,  ami  Ihn  eymene  which  exists  ready-formed 

tin:  oil  i.ur.s<ning  over  ;tl  the  same  time: 


aldehyde.  oxide. 

a  eymene  is  a  colorless,  sirotmdv  Tcfi-acidim  oil.  of  sp.  gr.  0-86  at  14°  C. 
(57°  F.),  boiling  at  17o°-i7H"'  (J.  (B  17°~;."^c  V. ).  iiv  prolonged  boiling  with 
dilute  nitric:  acid  it  is  convened  into  to'niio  arid,  t',il7(i  'tl.,M) ;  with  stronger 
nitric  acid  it  yields  nit  mm  hi  ie  acid ;  and  by  boiling  with  potassium  chro- 
mato  and  sulphuric  add,  it.  forms  terophi  Imiio  acid,  (.'„[!  ln04=CsH1(CO2)HJ, 
According  to  Sieve  It  ing,  is  unites  with  chluviue  and  bromine,  forming  the 
liquid  compounds  (!|0li14('l,  and  C1(1ir!4I5i-.,;  according  to  Fittig  and  Ferber, 
it  forms  only  sulml  ii.i^ioii-prodviris.  Cnid  fuming  nitric  acid  converts  it 
into  liquid  nilrocymciuv  (1]„ll]3i''N02'i,  which  is  en  uv  cried  by  reducing  agents 
into  cymidine,  C,*M1:i.N  II,).  lly  prolonged  beating  with  a  mixture  of  nitric 
and  sulphuric  acids,  ii  ':~.  ccoi  verted  in  in  dinitrocymene.  CjoII^fNOj)),  which 
crystallizes  from  alcohol  in  long  needles  or  lamina*,  inciting  at  tiSKV  0. 
(16J°F,);  by  still  furtlicr  treatment  (for  several  days)  with  the  mixed 
acids,  it  appears  to  yield  cryslal'ine  iriiiiirt.it.'ytnetie,  molting  at  107°  C. 

0.    Gymene'm  obtained  by  heating  camphor  in  a  rc-r.orl  with  zine  chloride: 

C|0HI6    —    OHa    =    C10H„ 
Camphor.  Cymetie. 

The  product  is  purified  jY.iui  "trbkir  bvdrncarbniis  bv  fi-nciional  distillation. 

8  eymene  boils  at  177D-T 7fiQ"C.  (:!;"! I'^-IS-jti"  I:'.).  It  does  not  yield  terepli- 
thalic  acid  by  oxidation.  Willi  bromine  it  easily  forms  tlie  crystalline  com- 
pound Cn,H'|,lirs.  Nitric  acid  acts  upon  it  in  the  same  manner  as  on 
a  eymene  ;  but  ii  dinitrocynienc  crysrnllizc:;  in  (liin  [dates  melting  at  00°, 
and  is  easily  converted  into  ii  irmitroeymeTie.  which  crystallizes  from 
alcohol  in  short  thin  prisms  melting  at  112-5°  C.  {234°  F.). 

Amyl-benzena,  CiiH,e=0elJs(CiH11).— This,  which  is  the  only  known 
aromatic  hydrocarbon  enntnining  '11  carbon  atoms,  is  produced  by  tha 
action  of  sodium  on  a  mixture  of  bi-omohcnzone  arid  amvl  bromide  diluted 
with  benzene.*  It  lias  a  specific  gravity  nf  0-H-i  nl  ]2'-  (.!.  (54°  F.),  and  boils 
at  105°C.  (383°  F.).  With  chlorine  ii  "yields  viscid  products  ;  with  nitric 
acid  in  the  cold  a  liquid,  nou-distilkble  niononitro-dcrivate ;  at  higher 
temperatures,  dinitr  o-  amy  1-b  en  ze  ne . 


Sixth  Series,  C„Hj„_a. 

The  only  known  hydrocarbons  of  this  series  arc  pham/lene,  CeTlit  and 
ciiiHitiiirni:,  or  K.v/crj' '■,■.■■-.  t  "SF  FB.  iril-Ii  its  i>omc.r.  nietnoinnamone. 

Of  phcnt/lmm  verv  little  is  known.  A  liquid  having  the  composition 
C,H4,  and  boiling  at  91"  C.  (Hid"  I".),  was  found  by  (.'inu'clif  among  the 
products  of  the  de.eompo'ii  ion  of  inonoohlorn-be:i7,ene  by  sodium  amalgam. 
It  is  probably  also  formed,  toother  y.bb   bemune,  when  dipbenyl,  CjjHjj, 

•  Filly)  mni  Minis,  Aim.  OH.  Plmrm.  oxxxl.  813. 
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is  passed  throng  a  rrd-hoi   tube,  but  i-  suVeuunnily  converted  into  the 
jiiiiyiiHiriu  body,  cinwseiic:  * 

CiiHM    =    CSHB    +     C0H.;     and     SCflH4    =    C,SITI2. 
Diphenyl.      Benzene.      Phenylene.       Phenylene.     Chryaene. 

Cinnamene,  •■ 
p:i«-"i met  a  mis  lure  of  beti/.i'ne-vn 
hot  tube : 

C8He     +     C.H,     =     C6Ha; 


2.  In  the  decomposition  of  xylene  which  (nk.es  place  when  the  vapor  of 
that  compound  is  passed  through  a  ved-imt-  tube:  t!8!!m  =  CSHB  -j-  Rs 
(p.  497). 

3.  By  distilling  cinnamic  acid  with  baryta,  v.-U;,j.-;  removes  carbon  dioxide: 

'C,H,0,    =    COj    +    C9HS. 

4.  Cinnamene  is  run !ni ;i r- .  1  in  liquid  si  oca  I.  and  may  lie  separated  by  dis- 
tilling the  balaain  with  water  containing  a  liulo  .sodium  carbonate,  to  retain 

a  very  mobile,  colorless  oil  of  specific  gravity  0-924. 


,t  145"  C.  (293°  V.).  and  docs  not.  solidity  at  — 20°  0.  (68°  F.).  When 
heated  to  200°  C.  (a92u  F.)  in  a  sealed  tube,' it.  is  converted  into  a  while, 
transparent,  highly  refractive.  solid  substance,  calted  mstacinnawii-iie.  or 
metaslyrolene.  Tins  substance,  when  healed  in  a  small  retort,  yields  a  dis- 
tillate of  pure  liquid  cinnamene.  f 

A  mixture  of  cinnanume  vapor  ami  eltiene  passed  through  a  rod-hot 
tube  yields  large  quantities  of  benzene  end  naphthalene.  The  first  is  pro- 
duced from  the  oiimamene  by  abstraction  of  t.'jU.;  the  second  according 
to  the  equation; 

CjHj        +         CjHj        =        C,0fia        +        2H2. 

A  mixture  of  clnriamc-ie  ami  benzene  vnv.nrs.  nr.ssed  ihroiijrb  a  red-hot 
porcelain  tube,  yield*  anihraccoe,  CLJI10.  l-iigulhcr  with  small  quantities  of 
other  products: 

C8H9        +        CSH8        =        C„H10        +         2ITS. 

Cinnamene  acts  with  chlorine  ami  bromine  iiho  a  bivalent  radical,  form- 
ing the  compound*  l.'Jl„n,  and  C^lljir,,  which,  when  treated  with  alcoholic 
potash,  give  up  J1C1  ami  lllir  (like  tiio  corresponding  etheue-eompouuds), 
leaving  chloro-ciimamoiie.  C(l  l-i!l,  ami  bromo-cirinametic,  CsB,Br.  Accord- 
ing to  Laurent,  ciunanicne  yields  with  chlorine  a  hexchloride  of  dichloro- 
clnnamone,  C8H6C1S .  Cls;  if  (his  he  correct,  ciuuameuc  must  be  regarded 
as  a  sexvalent  radical.  —  Met  ncimiamc.no  is  also  acted  upon  by  bromine, 
but  with  considerable    difhcully. —  Both   oiimamene   and   metaeiunamene 

*  JfmV'.rl.;',  ,Tiilivcsl»'riclit  air  C!u;mi.\  I  Mid.  V.  641. 

f  It.  wns  Sirtmilv  Mi|.|.  -,-,i  Hun  :ii  r-.i.,  ii.  ].r,-]..-v,  .1  ;;..:i-i  -L;niii:i:ii'  ;ifkt  wis  not  converted 
l'}-  limit  into  n.  sol  ill  ii-,,.iiif,...i  .■■■,..  ■■■;„,.  -■.•■■.■■.:'..  i.,.  iVi.m  ,i.«s  :  [,:.nii(!  Hi.:  two  ™prc  lvjsimict]  us 
1  ■  "■ ■!■  II I  ■      '  V. .    ■  li.m  II  j  11.11.   imrc  ciiiiia-i    :i.     ■  -.-:■: 
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amorphous. 


HYDROCAKISUNS. 


SEVliN'I'li    Skhiks,    C„Hra. 


The  only  known  hydrocarbon  belonerin;;  to  this  series  is  one  containing 
C^H^,  which  is  formed  by  dehydration  of  cliolcsierin,  (';BH,40  (a  crystal- 
line cuuipound  contained  ill  bile  ami  biliary  calculi}.  It.  lias  been  hut  little 
examined. 

Another  member  of  the  same 
lieai.ina;  lij'uiiii.iciiniaijiciie  wiih  s 
+QH.i-r-C1„rI,().) 


Of  this  series,  also,  only  .::■  1 1 o  member  is  known  wilh  certainty,  namely, 
ttaphtkalent,  C10If9,  produced  in  the  distillation  of  coal.  According  to 
Chancel,  two  hydrocarbons,  isomeric  or  polymeric  with  this  body,  are 
formed  in  the  dry  dist.illaiion  of  calcium  beiizoatc ;  but  they  hare  not  been 
much  studied. 

Haphthaleue,  C]tlll8.  —  This  hydrocarbon  is  prodoo ed,  as  already  ob- 
Beryed,  in  the  decomposition  of  toluene,  xylene,  and  cuiuene  at  a  red  heat; 
also  by  passing  vapor  of  benzene,  cinnnmetic,  clirysunc,  or  anthracene 
through  a  red-hot  tube.  It.  is  formed  in  Urge  quantities  as  a  by-product 
in  the  preparation  of  coal-gas,  its  production  doubilcss  arising  from  reac- 
tions similar  to  those  jnsi  mentioned.  When  tin:  lnsi  portion  of  the  volatile 
oily  product  which  passes  over  in  the  distillation  of  coal-tar,  is  collected 
:i.p:i :r  iibiI  loft  to  sia.ml,  a.  quantity  of  solid  crystalline  ma.t.tcr  soparales, 
which  is  principally  rmplMlmietiu.  An  additional  quaiilily  may  be  obtained 
by  pushing  the  distillation  until  the  c  out  out  s  of  I  bo  vessel  begin  to  char; 
the  naphthalene  then  condenses  in  the  solid  state,  lust,  dark-oohircd  mid 
very  impure.  Jiy  sinipln  sublimation,  om-o  o'1  t  c,  ice  repeated,  it  is  obtained 
perfectly  while.  In  this  stale  napli!  Iinlono  forms  laiure,  colorless,  trans- 
parent, brilliant,  crystalline  plates.  cxbulbi;;  a  faint  and  peculiar  odor, 
which  has  been  compared  to  that  of  the  narcissus.  Naphthalene  melts  at 
Efl°  C.  (176°  F.)  to  11  clear,  colorless  liquid,  which  crystallizes  on  cooling: 
it  boils  at  212°  <!.  (414°  ¥.),  and  evolves  a  vapor  whose  density  is  4-G28. 
When  strongly  heated  in  the  air,  it.  inflames  and  burns  with  a,  red  and  very 
smoky  light.  Tt  is  insoluble  in  cold  water,  but  soluble  lo  a  slight  degree 
at  the  boiling  temperature ;  alcohol  and  ether  dissolve  it  easily;  a  hot 
saturate:;  akohn'.ic  solution  deuosils  tine  iridescent  evystnls  en  t'ix:!ij. 

Naphthalene  dissolves  in  warm  slrone;  sulphur^  noil,  fovming  two  crys- 
talline aeids:  sulplionaphltrilie  acid,  C]0IIRSOS,  and  disulphonaphthalic 
acid,  C1(lH8S.,00,  both  of  which  form  soluble  barium  salts. 

Naphthalene  uuile.s  directly  with  I  at.noi-  of  /mrmitit-  and  chlorine,  forming 
the  compounds  f^Il^b,  and ''[.jlijir,.  It  also  forms  a  great  number  of 
substitution-products  with  these  elements,  bromine  being  capable  of  replae- 
iiijj;  from  1  to  ■!.,  and  chlorine  from  1.  t.o  8  atoms  of  hydro  cam  in  unpl'.t  ruilc.no; 
there  are  also  several  ileriv:it.ives  containing  luuh  bromine  and  chlorine, 
e.g.,  C10H,BrB('lj.  Many  nf  these  substiiution-derivati ves  are  susceptible 
of  isomeric  modifications  differing  from  one  another  in  their  physical  pro- 
perties. The  cblore-  and  brouio-napbtlinlencs  are  capable,  like  naphtha- 
lene itself,  of  uniting  with   4  atoms  of  bromine   or   chlorine,  and  with  2 
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molecules  of  hj-drooh'.orlc  or  h-.dvobre;-iic   acid,  forming  such   compounds 
^r,,l!cri,.(-C  i',,1!, ]'.!■.,('!... liHOl,  So* 

With  strung  niirir  in-ifi,  imjiiiThaieii,.'  i  [of Is  the  r.hree  suiistiiution-proiluct.s, 
C,0H,(NO2),  C10U6(M>,):,,  am!  C^flj'SO;};..  all  of  which  arc  white  crystalline 
solids.  The  first,  is  oonvcrled  i>v  reducing  a^cms  into  amidonaphthalcue, 
naphthalidine,  or  uaphthylamine,  Cl0H,(HHs). 


Ninth  Suiuks,  CnH2n_]4. 

Two  members  of  f .h i «  series  arc  known,  vi/.,  (L'pJtmii/l.  Oj,H10,  and  (Koerc- 
zyZ,  CI4II14;  they  arc  .so  called  because  rhcir  molecules  are  the  doubles  of 
tile  hypothetical  monatomic  vadiouls.  phenyl,  l.'6Us,  and  beuzyl,  C,H,. 

Diphenyl,  C,5TT](I,  is  produced  :  (hi  as  alroadi-  observed,  by  passing  ben- 
zene vapor  through  a  red-hot  lube:  2C6II6=C|aH1(r|-Ha.  (2)  By  the  action 
of  sodium  on  plumy!  bromide  o-  jaoiiolnoiiiobemiene: 

3C,HsBr     +    Na,    =    2NaBr    +     CIYTT,0. 


Diphcnyl  appears  al 
(p.  full  1,  and  passes  0 
2H0'  C.  (500°  P.) 

Dipheuyl  crystallizes  from  akuhol  in  iridescent,  nacreous  seales,  which 
molt  at  about  60°  (!.  (1-10°  .!•'.),  sublime  at  a  higher  .temperature,  and  boil 
at  about  210°C.  ('KM0  I''.).  Ti  is  eon  veiled  by  bromine  into  dibromodiphenyl, 
ClsHaBrj,  and  by  fuming  nitric  acid  into  dinifro-iliphcnyl,  t'^H^NOjlv  The 
latter  is  converted  by  hydrogen  sulphide  into  diamido-dipheuyl  or  ben- 
zidine, CjjIfjtHKjjj,  ii  crystalline  base,  which,  when  treated  with  nitrous 
acid,  yields  iiie  nitrate  uf  tei.raaodiphcnyl  or  Jiazobonzidine  : 

CpH|,N4    -f    2NHO,    =    C„HaN,    40H2. 

Diamido-  Nitrous  Tetrazo- 

diphenyl.  acid.  dipheiiyl. 

Dibenzyl,  C,,!!,,,  is  produced  by  hearing  benzyl  chloride,  0.11/11,  or  ben- 
rylhhme  bromide,  (',ir.[Sr,  (;■.  product  of  tin;  action  of  piiospliorus  penta- 
brouiide  011  bitter-almond  oil),  with  sodium.  It  in  a  crystalline  solid,  insol- 
uble in  water,  but  soluble  in  alcohol  ami  el  her;  molls  mi  it'boui  'fZ°V-.  (lift3  I''.), 
nod  distils  ivhiioul  decomposition  at  284°  C.  (548°  1:'.').  When  lrea:ed  wi;'i) 
bromine  and  ivat.Br,  il.  yields  the  Rubsfiluliini-prodiKi.s.  C^II^lli',  <"',,  II,..  I  Jr.., 
C14H„Brslaild<::ilHsr>r(.,  ali  (if  which  are  crystalline  at.  ordinary  temperatures, 
except,  'iie  first,  which  is  an  oil  solidifying  when  cmled  below  0".  Ibbem.vl 
u'lso  iiiiiies  directly  wiili  '>.■■<>,>,!»■<.  fm-uiijig  1  he  crystalline  compound  I :,  II  L.r.r,. 
Fuming  »i>ie  acid  converts  it  into  diuitre-diben/.vl,  C„ll.,j(NO .,)  which 
crystallizes  in  needles,  and  is  converted  by  reducing  agents  "into  the  corre- 
sponding amid o-com pound,  L'nll^fNHjJj. 

*  See  WnrrsV  hi,-:;  :i!.;n-  of  (;lj.~-ujjsi:-v,  vet,  Iv.  p.  (j, 
1  llliiis.,  I'liil.  'IW*.  ISC;,  ]Javt  iii.  (,;t^, 
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Testii  Shkies,  G.Hjn-is. 
Of  tl.is  series  only  one  member  bus  biihej'tn  been  obtained,  i 
CjjHj,,  which  is    "  '  '■'      ■■    "  "       '■■  ■      ' 

idene  sulphide: 

8C,H„S        =        2CHH„      -f     VtfKJ 
Kcnzylidono  KuiWne.  Thiones: 

sulphide. 


Series,  CiH„_1b, 

Anthracene,  or  Paranaplithalene,  CH1110,  is  produced:  (1)  By  passing  a 
mixture  of  benzene  with  elhent!  tias  rtr  cinnamone  vapor,  or  of  diphenyl  or 
chrysene  vapor  wii.li  cthcne  g;^,  tlirou^li  :i  red  hot  poeec.lniii  tube;  also  by 
.exposing  a  mixture,  of  benzene  ami  naphthalene  vapor  to  si  white  heat: 


2C6II6 

Ik-iiioue. 

-f-      C.H.      =      3H. 
Ht-hene. 

+       C,,H.. 
Anthracene. 

C6H6 
Benzene. 

+      C8H,      =      2H, 

+     '    CUH10 

Anthracene. 

Diphcnyl. 

+      CjH4      =        Ha 
Hthenc. 

+       CUH„ 

C«HB 

Cliryseno. 

+     CSH,      =    c„ir8     +     C„H10 
Ethene.        Benzene.      Anthracene. 

0„HB 

SlSJllil  ItalenO 

+      3CsHa    =      3Ha 
Benzene. 

+     2C„H„ 

Atilhraocne. 

n  tolueno,  xy 

lone,  or   cumeno  is  passed    through  a  red-hot  tube 

(pp.  490,  497). 

Antb.ru.oene  is  produced  in  the  dry  dislillatifm  of  coal,  bituminous  shale, 
and  wood,  and  if  coniained  in  (be  last  heavy  and  semifluid  portions  of  the 
tar,  at  tirst  together  with  naphthalene,  finally  with  chrysene.  A  com- 
mercial product  of  this  kind,  used  us  a  lubricator  I'm-  machinery,  is  yellow, 
soft,  somew.haf  like  palm-oil,  mid  contains  an  I  liraoeue,  together  with  several 
of  its  hoiuologues  and  other  hydrocarbons.  To  obtain  pure  anthracene, 
the  crude  commercial  prod  tic:  is  di.siilled  from  an  iron  retort,  the  first  and 
last  portions  of  the  distillate  being  vcj noted,  and  the  intermediate  portion 
crystallised  either  front  alcohol  or  from  coal-oils  boiling;  between  100°  and 
120°  C.  (212D-248°F.). 

Anthracene  forms  small  colorless  micaceous  laminm,  of  sp,  gr.  1-147, 
melting  at  about  SI  11°  C.  ;'115c  F.'i,  subliming  riowly  sir.  I0(.)°,  more  quickly 
at  a  stronger  heat,  and  boiling  between  2L>!>°  am]  CWC  ('.  <428°-«fJ°  F.),  It 
is  insoluble  in  water,  but  dissolves  easily  it:  boiling  alcohol,  more  abundantly 
in  ether,  benzene,  ami  volatile  oils,  especially  oil  of  turpentine.  It  forms 
substitution-products  with  brt./tunf  and  th!r,rhiti.  Dibroniaiithraccne  unites 
with  bromine,  forming  the  compound  C|,lf,Br. .  Br,,  and  chloranthracene 
forms  a  hydrochloride  containing  li  ,,11,01.  HOI. 

Anthracene,  boiled  with  ulirlo  ami}  foe  some  days,  is  converted  into  o 
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thracene,  C„HB04.  or  C„H,0  .  0,  and  if  faming  nitric  acid  be  added  from 
time  to  time,  dmitroxuii.iimic.aia,  Cltll6i'N"0..U0,,  is  obtained. 

Pyrene,  a,  hydroeiirhon  obtained  by  i. anient,  together  witk  ehrysene,  from 
the  least  volatile  portion  of  ooa.i-t;Li-,  ap pears   Id  be  identical  with  anthra- 

Crude  anthracene  coulalns  also  several  hydrocarbons  homologous  with 
anthracene,  and  less  volarilc  thun  anthracene  ilseif;  among  others,  methyl- 
anthracene,  CISI1,,,  or  C„1!9(CHS),  which  is  identical  with  the  paranaph- 
thalene  of  Dumas",  nvtd  tci:-„,„,-!!:,;!-,,„!t,,uc,nc.  ()vjy(-bc,(.'!311  19.orC(4H,(CII,)4. 

listens,  which  if  polymeric  with  hciizcue,  like"  isc  mrcni's  m  Ihin  unctuous 
Scales  on  fossil  pine-stems  in  beds  of  peat  and  lignite  in  Denmark  and  other 
localities.  It  is  produced  also  in  (lie  dry  distillation  of  very  resinous  fir 
and  pine-wood,  passing  over  t.oiieilior  with  the  heavy  tav-oil,  and  separating 
in  scales  like  paraffin.  It  is  soluble  in  warm  alcohol  and  ether,  and  dis- 
aoWes  easily  in  oils  both  1  i >l ■. ■  ..L  ilii-.L  volai;io  ;  sulphuric  acid  converts  it  into 
d^tutpiiordic.  a;.,d,  C18U|8SaO,. 


Twelfth  Series,  C„HaB_si. 

Chrysene,  C1SH,S,  is  produced,  together  with  benzene,  by  heating  diplienyl 
for  an  hour  in  a  sealed  tube  filled  with  hydrogen,  the  diplienyl  being  prob- 
ably resolved  in  the  first  instance  into  benzene  and  phenylene,  which  latter 
ia  then  polymerized  into  ehrysene  : 

C_HM    =    CflIJe    +     Cer\t ;  and  BC0H,    =    C18H„. 
Diphenyl.     Benzene.       Phenyl-         Phenyl-        Chrysoue. 

Chrysene  is  also  found,  together  with  beazcryihrene  (p.  493),  in  the 
last  product  obtained  by  the  ■  1  i .-=  i  illation  i:f  crude  anthracene,  and  in  the 
residue  left  in  the  retort;  in  larger  quantity  also  in  the  last  products  of 
the  distillation  of  pilch.  Laurent  likewise  obtained  it  together  with  pyrene 
(ant.hracene)  by  the.  dry  distillation  of  lais  and  resits,  i'ure  ehrysene  has 
a  tine  yellow  color.  It  is  insoluble  in  alcohol,  nearly  insoluble  in  ether, 
and  is  deposited  from  boiling  oil  of  turpentine  in  yellow  crystalline  flakes. 


APPENDIX  TO  RYimOOARnGNS. 

Petroleum,  Xaphtha,  and  other  allied  Substances. 

PiC-Coal,  lignite  or  brown  eon/,  jet,  bitumen  of  various   kinds,  petroleum  or 

rock-oil,  and  rwplithn,  and  a  few  other  allied  substances  more  rarely  met 
with,  are  looked  upon  as  products  of  the  decomposition  of  organic  matter, 
especially  vegetable  matter,  beneath  the  surface  of  the  earth,  in  situations 
where  the  conditions  of  eotifacr.  wit.lt  water,  and  nearly  total  exclusion  of 
atmospheric  air,  are  fulfilled.  Deposited  at  (lie  bottom  of  seas,  lakes,  or 
rivers,  and  subsequently  covered  up  by  accumulations  of  clay  and  sand 
hereafter  destined  to  become,  shale  and  griiMimo,  the  organic  tissue  under- 
goes a  kind  of  ferment  alien  hy  which  the  haiiies  in  question,  or  certain  of 
them,  are  slowly  produced.  Carbon  dioxide  ami  marsh-gas  are  bye-pro- 
ducts of  the  read  ion  ;  lieuee  I  heir  frequent  disengagement,  fhe  first  from 
bods  of  lignite,  and  the  Hreond  tram  the  further  advanced  and  more  per- 
fect coal. 

The  vegetable  origin  of  eoal  has  been  placed  beyond  doubt  by  micro- 
scopic research;  vegetable  si  rue:  are  can  be  thus  delected  even  in  the  roost 

lie 
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massive  and  perfect  varieties  of  coal  wdion  cut.  into  lliin  slices.  In  coal  of 
inferior  quality,  much  mixed  with  earthy  matter,  it.  is  evident  to  the  eve. 
The  leaves  of  ferns,  roeils,  and  oihur  succulent  pin  tils,  more  or  less  resem- 
bling those  of  the  tropics,  arc  found  in  a  compressed  state  between  the 
layers  of  shale  or  slaty  clay,  preserved  in  Um  most  beautiful  manner,  but 
entirely  converted  into  bituminous  coal.  The  coal-mines  of  Europe,  and 
particularly  those  of  our  Own  country,  furnish  an  almost  complete  fossil 
flora  —  a  history  of  many  of  the  now  lost,  species  which  once  decorated  the 
surface  of  the  earth. 

In  the  lignites  the  woody  structure!  is  murk  more  obvious,  Beds  of  this 
material  are  found  in  very  many  oi"  the  newer  strata,  above  the  true  coal, 
to  which  they  arc  co.nseqi.iein.ly  posterior.  As  an  article  of  fuel,  br own 
COll  is  of  comparatively  small  value:  i:  resembles  peat,  giving  but  little 
flame,  and  em ii tins;  a  diMinrecaiile   11  undent  smell. 

Jet.  used  for  making  black  oriuuuenis,  is  n  variety  of  lignite. 

The  true  bitumens  are  destitute  of  organic  structure;  they  appear  to 
have  arisen  from  coal  or  lignite  by  the  action  of  subterranean  heat;  and 
vory  closely  resemble  sum.'  of  the  products  vit-liU:-.l  by  the  destructive  dis- 
tillation of  tliose  bodies.  They  arc  very  numerous,  and  have  yet  been  but 
imperfectly  studied. 

1.  Mineral  pilch,  or  cemput!  bihui-in,  the  mph'iUutn  or  Jem's  pilch  of  some 
authors.— This  substance  occurs  abundantly  in  many  pnrls  of  the  world- 
OS  in  the  neighborhood  of  the  Head  Sea  in  Judea;  in  Trinidad,  in  the 
famous  pitch  lake,  and  elsewhere.  It  generally  resembles  in  aspect  com- 
mon pitch,  being  a  little  heavier  than  water,  easily  mulled,  very  inflam- 
mable, and  burning  with  a  red,  smoky  tlaniu.  It  consists  principally  of  a 
substance,  called  by  liossingaull  ■npiwU'^e,  composed  of  C^H^Oj,  It  is 
worthy  of  remark,  that  Laurent,  found  paranuplitlialenc  in  a  native  mineral 

2.  Mineral  tar  seems  to  be  essentially  a  solution  of  asphaltene  in  an  oily 
fluid  called  petrolene.  This  liquid  lias  a  pulc-yellow  color,  and  peculiar 
odor;  it  is  lighter  than  water,  and  very  combustible,  and  has  a  hiirh  boil- 
ing-point. It  has  the  Mime  coninc-dtion  ::s  the  oils  of  turpentine  and  lemon- 
peel — namely,  C|0H1G.  Asphtiltene  contains,  consequently,  the  elements  of 
petrolene,  together  with  a  quantity  of  oxygen,  and  probably  arises  from 
the  oiid at  ion  of  that,  substance. 

8.  Elastic  bitumen  ;  mineeol  cnoutdtow.  —  This  curious  substance  has  only 
been  found  in  three  places:  in  a  lead-mine  at  Castlciou,  in  Derbyshire  ; 
at  Montrelais,  in  France  ;  and  in  the  Stale  of  Massachusetts.  In  the  two 
latter  localities  it  occurs  in  the  coal  scries.  It  is  fusible,  and  in  many  re- 
spects resembles  the  other  bitumens. 

Under  the  names  petroleum  or  re,?l-e,il  and  naphtha  are  arranged  various 
mineral  oils  which  arc  observed  in  many  places  to  issue  from  the  earth, 
often  in  Considerable  abundance.  There  is  every  reason  to  suppose  that 
these  owe  Oieir  origin  to  the  action  of  internal  hear  noon  beds  of  coal,  as 
they  are  usually  found  in  connection  with  such.  The  term  naphtha  is  given 
to  tho  thinner  and  purer  varieties  of  rock-oil,  which  are  sometimes  nearly 
Colorless;  the  darker  and  more  viscid  liquids  bear  the  name  of  petroleum. 

Some  of  the  most  noted  localities  of  these  substances  are  the  following; 
The  north-west  side  of  i.bo  (kispian  Sea.  near  l'.aku,  where  beds  of  marl 
are  found  saturated  wii.li  naphtha.  Wells  sire  sunk  to  the  depth  of  about  30 
feet,  in  which  naphtha  and  water  collect,  and  tire  easily  separated.  In  soma 
parts  of  this  district  so  much  combust  ible  gas  or  vapor  rises  from  the 
ground,  that,  when  set  on  tire,  it  continues  burning,  ami  even  affords  heat 
for  economical  purposes.      A  large  quantity  of  an  impure  variety  of  petro 

leum  comes  from  the  Minium  territory  it    ''""   ''     '    '■  

sista  of  sandy  clay,  resting  oi 
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shale.  Beneath  those  occurs  n  bed  of  pale-blue  slialo  loaded  with  petro- 
leum, which  lies  itnmcdhif  ely  on  coal.  A  petroleum-spring  exists  at  Cole- 
brook  Dale,  in  Shropshire,  and  immense  (plant  it  ios  come  now  from  Canada, 
Pennsylvania,  and  oilier  parts,  of  Muvtli  America.  The  sen  near  the  Capo 
de  Verd  Islands  has  boon  sown  covered  with  a  iilm  of  rock-oil.  Fine  speci- 
mens of  naphtha  are  furnished  by  Italy,  where  it  occurs-   in  several  places. 

In  proof  of  the  origin  attributed  to  those  substances,  an  old  experiment 
of  Reichenbach  may  lie  <.■  i to ■.  1 .  who,  by  distilling  ivith  water  about  10CI  lbs. 
of  pit-coal,  obtained  nearly  '2  diiike  of  :m  oily  liquid,  exactly  i- ■  ■  ^ 1 1 1 1 : i L : t l ■_?■ 
the  natural  naphtha  of  Atuiano,  in  Italy.  The  manufacture  of  such  pro- 
ducts (paraffin  oils)  by  distilling  Koghend  and  other  kinds  of  coal  at  a  low 
red  heat,  is  now  conducted  on  a  very  largo  scale  (p.  47<i). 

The  variations  of  color  and  consistence  in  different  specimens  of  rock- 
oil  depend  in  grout  measure  upon  ilie  presence  of  pitchy  and  fatty  sub- 
stances dissolved  in  the:  more  fluid  oil. 

The  boiling  point-  of  rock-oil  varies  from  uboul  Sri')"  io  "20°.  A  thermom- 
eter Inserted  into  a  retort,  in  v  hich  too  oil  is  undergoing  distillation,  never 
shows  for  any  length  of  time  n  constant,  temperature  :  hence  it  is  inferred 
to  be  a  mixture  of  several  dill'orent.  substances.  Neither  do  the  different 
varieties  of  naphtha  give  similar  results  on  analysis :  ihey  are  all,  however, 
hydrocarbons,  ,.■:> hilly  parattiiis,  with  -mailer  quantities  of  defines  and  arn- 
niii.i.ic  hydrocarbons.  The  use  of  these  subs'  unces  in  the  place-  where  Viey 
abound  is  tolerably  extensive;  they  often  serve  the  inhabitants  for  fuel, 
light,  &c.  To  the  chemist,  pure  naphlha  is  valuable,  as  offering  facilities 
for  the  preservation  of  I  lie  more  oxidaide  metals,  ns  potassium  and  sodium. 

Among  the  several  naphihas,  the  Jinyai-'fi:  m:/J,!.l,n  ;  llaugoon  tar)  hasbeen 
move  particularly  examined  by  Do  l:i.  Kite  ami  Midler.  Is  consists  princi- 
pally of  li'pdil  hnmologites  of  marsh-.Kas,  im;ludi:is;  -olid  parailin.  associ- 
ated with  small  quantities  ol'  hydrocarbons  of  the  ben/ene  series,  and  hy- 
drocarbons analogous  to  eolophone.  American  petroleum,  which  has  a 
sitnilar  composition,  but.  contains  a  larger  pruporliou  of  the  homologies 
of  marsh-gas,   has  been  investigated   chiefly  liv  Pelouie  and  Cahours  (p. 

470). 

Retintie,  or  Retbu:-:philt,  is  a  hi  ml  of  fu-.si!  resin  met  with  in  brown  coal : 
it  has  a  yellow  or  .reddish  color,  is  fusible  and  inflammable,  and  readily 
dissolved  in  groat  part  by  alcohol.  The  soluble  portion  is  called  retinia 
add.  IlaUilustiii.  is  :i.  souiewdtal  similar  substance  met.  with  in  mineral  coal 
at  Merthyr  Tydvil,  and  also  near  t.och  I'yne,  in  Scotland,  Idrialin  is  found 
associated  with  native  cinnabar,  mid  is  e\fr;ieied  from  the  ore  by  oil  of 
turpentine,  in  which  it.  dissolves.  It  is  a  white,  crystalline  substance, 
scarcely  volatile  without  decomposition,  but  slightly  soluble  in  alcohol  and 
ether,  and  compose:!  of  (!,,,!]  ssl> :  it  is  generally  a -social  eti  with  a  hydro- 
carbon, idryl,  which  contains  C2lIIlt. 

Ozocerite,  or  fossil  w.tx.  is  found  in  Moldavia,  in  a  layer  of  bituminous 
shale:  it  is  brownish,  ami  has  a  somewhat  pearly  appearance  :  it  is  fusible 
i.ielo'.v  l(!0'\  and  soluble  with  difficulty  in  alcohol  ami  ether,  littt-  easily  in 
oil  of  turpentine.      It  appears  io  contain  tuon:  than  one  definite  principle. 

A'/fflii-tlt-git,  a  substance  resembling  the  former,  occurs  in  immense  quan- 
tities, in  lite  vicinity  of  the  Caspian  He.i.  Another  compound  uf  the  same 
kind  is  found  in  still  larger  quantities  at.  Halui,  and  is  called  Kir. 
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THE  term  alcohol,  originally  limited  to  one  substance,  viz.,  spirit  of 
Wine,  is  now  applied  to  a  large  number  (if  or-juiiiu  compounds,  many  of 
which,  in  their  bcitm!  characters,  exhibit  bur.  little  resemblance  to  ordi- 
nary alcohol.  They  arc  all,  however,  analogously  constituted,  having  the 
Composition  of  saturated  hydrocarbons,  i tl  which  one  or  more  of  the  hy- 
drogen-atoms are  rcpiaeed  h-y  hydrnxyl :  they  may,  therefore,  also  he  re- 
garded as  compounds  of  liyilfuvyl  rtitlj  unitaieiii  or  riuLltivalent  hydrocar- 
bon radicals,  lien™  called  uli-.uku  nuiii'iUK.  Thus,  from  propane,  CaIIB,  are 
derived  the  three  alcohols, 

CaH,(OH)  (CJL)''(OH),  (CsHs)'"(OH),- 

Propyl  i'ropene  Propenyl 

alcohol.  alcohol.  alcohol. 

Alcohols  are  accordingly  (;tiiH  =  '::.L  ns  »os*>,i',  il'n-ifi.inir,  Sriniomic,  &<;.,  or, 
generally,  as  moii'i/wi/ir  and  in-h/n/oitu'i;  according  to  Hie  number  of  equi- 
valents of  hydroxy!  which  they  contain;  or  according  to  the  equivalent 
value  of  their  hydrocarbon  radicals. 

The  replacement,  partial  or  total,  of  tlie  hyilroxyl  in  tin  alcohol  by  chlor- 
ine, bromine,  iodine,  or  fluorine,  gives  rise  to  haloid  ethers;  thus: 
From  C3H,(OH)  are  derived  C3H,C1,   CjH,Br,  &c. 
"      C,IJ,(OH)j  "  Ca[I8C10H,   CjH,Cl„  Ac. 

"     (C,Hs)(0fl),      "  CjIlsCliOltjj,'  0.lEl5(.:ia(OII),  CalI5Cla, 

C3MEBr,Cl3,  &o. 
These  substilul.ioiis  are  ell'i'i-ici  by  ;veaii:i^  the  alcohols  with  the  chlor- 
ides, bromides,  and  iodiilcs  of  hydrogen  or  phosphorus;   thus: 

C,Hs(OH)         +  HC1        =        H(OII)        -f         O.H.C1 

Ethyl  Hydrogen  Water.  Ethyl 

aloohol.  chloride.  chloride. 

SCaH,(OH)        -f  PCI,        =        P(OH)s        -j-         3C21IEC1 

Ethyl  Phosphorous        Phosphorous  Ethyl 

alcohol.  chloride  aeid.  chloride. 

3CsHs(OH)        +  P0C1,      =       PO(OH)„      -|-         3C5HSC1 

Ethyl  Phosphorous        Phosphorous  Ethyl 

alcohol.  osy  chlorido.  aeid.  chloride. 

Instead  of  the  bromides  and  iodides  of  phosphorus,  (he  elements  phos- 
phorus and  bromine  or  iodine,  in  the  proportions  required  to  form  them, 
are  often  used  in  the.se  processes. 

These  haloid  ethers  are  also  formed  in  many  instance*  by  direct  substi- 
tution of  chlorine,  bromine,  &c,  for  hydrogen  in  saturated  hydrocarbons, 
as  explained  in  the  preceding  pages. 

The  treatment  of  the  haloid  ethers  with  caustic  aqueous  alkalies  gives 
rise  to  a  substitution  opposite  to  that  exhibited  in  the  above  equations, 
reconverting  the  ethers  into  alcohols,  e./j. : 

C2H6CI       -f        KOH       =       KOI        +        C,H6(OH). 

The  replacement  of  the   hydroxyl  in   an   alcohol  by  the   corresponding 

i:i:c  )yOooglc 
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radicals,  potassoxyl,  OK,  methoxyl,  OCH3,  ethoxyl,  OC.H,,  &o.  (p.  237),  — 
or  of  the  hydrogen  in  [lie:  liyiiriixyl  by  (lOULssiuiii,  nieihyl,  ethyl,  &c, — ■ 
gives  rise  to  oxygen  ethers;  thus: 

CjHjfOH)  yields  C2H5(OK)         CaHf(OCH,)        C.H.fOaHJ 
Ethyl  Potassium  Methyl  Ethyl 

alcohol.  e  thy  late.  ethylate.  ethylate. 

caH,{oii)a    "    c,H,(OH)(ocsHa)        cyyoeji^ 

Ethene  Monetbylic  Hie  thy  lie 

alcohol.  ethenate.  othenatc. 

These  substitution*  i":iy  be  piTecieil  in  various  ivays.  The  simplest  is 
to  replace  an  atom  <il"  hydrogen  in  the  nleolml  In-  potassium  or  sodium, 
and  act  on  the  resulting  compound  with  a  haloid  ether;   thus: 

2C,H.(OH)a        +        Nas        =       2C3HJ(OH)(ONa)        -f        H_ 
Ethene  .Sodium 

alcohol.  ethenate. 

C-Ha(OH)(ONa)     +     C.H-I    =     Nal     +     C,H.(OH)(OC,H,1 
Sodium  Ethyl  Sodium  MOBethylic 

etbenate.  iodide,        iodide.  ethenate. 

In  the  polyatomic  nlnolmls,  t  wo  equivalent  s  of  hydroxy!  may  also  be  re- 
placed by  one  atom  of  oxygen,  giving  riso  to  another  class  of  oxygen 
ethers;  thus,  from  cl.liene  nkolio],  ( '.,]!.,;' !>l!'i4,  is  derived  etkene-oxide, 
C,HjO. 

The  replacement,  of  the  hydrogen  of  Die  liydroxyl  in  an  alcohol  by  acid 
radicals  (p.  469),  produees  tihtrtnl  sails  or  t.nmjuniiid  ethers;  thus  from 
meii.yl  akoiiol,  <..!M,{OH),  are  derived: 


H  0 


Methyl  nitrate,  CH3(ON02),  o 


Methyl  acetate,  CH3(0C,HB0),  or  H— C— O— C— C— II 
H  H 


Acid  methyl  sulphate,  CH,(OSO,H),  or  H— C— O— S— 0— H 

i      i 

H  0  II 

.   H— C— 0~S— 0— C— H 

I  II         ! 

H  0  H 


Neutral  methyl  sulphate,  CH,(OSO,CH,), 


It  is  clear  that  these  ethereal  -ijiHh  may  be  derived  from  i  Ttc  corresponding 
acids  by  substitution  of  nieoliul-riiJienlH  for  hyih-o^nn,  being  in  fact  related 
to  tho  alcohols  in  the  luinio  manner  as  metallic  -'ill-  to  metallic  hydrates 
(p.  469).      When  distilled  with  ;i-k;ilioH,  they  :it'<>  resolved  into  an  acid  and 
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C;.H6(OCaH30)     +     K(OH)     =     K(OC„H,0)     +     C,IIs(0H) 
Ethjl  acetate.  Potassium     .       Potassium  Ethyl 

hydrate,  acetate.  alcohol. 

The  action  (if  haloid  ci  hers,  or  of  certain  ethereal  salts,  on  the  sulph- 
hydrates  and  sulpii  id  <■*  of  the  n  I  !^  ii.  1  i  -]  i  i  ■.  i  : :  l.«,  jj  L  ■■  ■ :  h  vi-eta  ni \:ukn\ ','<:■  aiUfik-hyiiraies 
and  Kuljihiib-s,  that  in  In  sav,  alcohols  ■md  <.;'■  Iters  ton i billing  sulphur  in  iiiaec 
of  oxygen;  thus: 

CaHsCl    +    KSH    =    KC1    +    C,H,SH 
Ethyl  Ethyl 

chloride.  sulph- hydrate. 

2C2HjOSOjK    +    KSK    =    2KOS03K    +    OH^O.H, 

Potassium  ethyl      Potassium       Potassium  Ethyl  sul- 

sulphate.  sulphide.         sulphate.  phide. 

The  alcoholic  sulpli-hydratcs.orsulrhuv-i'.loohe.Kare  also  called  nitreaptanj, 
from  their  property  of  readily  cii;i, billing  with  mercury  (corpora  mcrctirio 
apla\.     Their    reactions    are    closely    aiiaioinnis   to   those   of  the    oiygen- 

alcoiiols. 


MONATOMTC  ALCOHOLS  AND  ETHERS. 
I.  Containing  the  radicals  0„H^-|-„  homologous  with  Methyl. 

The  alcohols  of  this  .-fries  are  Hie  best,  'mown  nnd  most  important  of  nil 
Ihis  class  of  bodies.  They  mny  be  formed  from  (he  corresponding  haloid 
ethers  by  the  action  of  alkalies,  and  several  of  them  are  produced  by  the 
fermentation  of  sugar.  There  are  also  synthetical  processes  by  which  these 
alcohols  may  be  built,  tip  in  regular  onier,  from  the  lowest  upwards;  but 
these  will  be  bct*er  tinders'tv-d  further  on. 

The  names  and  formulae  of  the  known  alcohols  of  this  scries  are  as  follows: 

Methyl  alcohol CH40 

Ethyl  alcohol CJIgO 

Propyl  alcohol C3HsO 

Quartyl  or  Butyl  alcohol     ....  C4H,„0 

Quint vl  or  Amy!  alcohol  .  .  .  U^U^O 

Sextyl  or  Hexyl  alcohol      ....  C6H„0 

Septyl  or  Heptyl  alcohol  .  .  .  0,H160 

Octyl  alcohol       ......  CBHlsO 

Nonyl  alcohol 'V-m^ 

Sexdecyl  or  Cetyl  alcohol  ....  C,6I'M0 

Ceryl  alcohol OaiHto0 

Molissyl  alcohol C3l,M6!0. 

The  first  nine  of  these  alcohols  arc  liquid  at  ordinary  temperatures. 
Methyl  and  ethyl  alcohol*  are  mobile,  watery  liquids :  l-he  others  are  more 
or  less  oily,  the  viscidity  in  even  si  he  with  (be  uioli'cuair  weight. ;  cetyl  alcohol 
is  a  solid  fat;   ceryl.  mid  melissd  alcohols  arc  oi'  wiii'y  consistence. 

The  formula  of  methyl  ulcnliol  is  that  of  methane  or  marsh-gas  having 
one  atom  of  hydrogen  ve.p'acc.d  iiy  hydroxy] :  and  i  he  vest  may  be  derived 
from  it  by  replacement  of  one  or  more  of  the  other  hydrogen-atoms  by 
methyl  and  its  hnmologues.  If  we  replace  only  one  atom  of  hydrogen  in 
this  manner  we  obtain  the  series: 
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CHaCH,CHB      (  CHaCHaCH1CH, 


u      H         U      H  l      II  ^  H  M  H 

(oh        (oh        (oh  (oh  (oh 

How,  it  is  clear  that,  so  long  as  the  typo  of  an  alcohol  is  preserved  — 
that  is,  of  a  hydrocarbon  hitviug-  ill  least  one  hydrogen -a  torn  replaced  by 
hydroxyl —  the  first  two  alcohols  of  this  scries  do  not  admit  of  any  other 
mode  of  formulation :  in  other  words,  these  two  bodies  are  not  susceptible 
of  isomeric  mod  ili  fiat  ions,  lint  with  regard  lo  Hie  higher  members  of  iho 
series  the  oaae  is  different.  Thus,  to  obtain  the  formula  of  the  three-car- 
bon alcohol,  C,HsO,  instead  of  replacing  one  hydrogen-atom  in  methyl 
alcohol  by  ethyl,  we  may   replaee   two   hydrogen-atoms  by  methyl,  which 


will  give  for  this  alcohol  the  formula  C  1   ,j   3  instead  of  C  J  JJ  ;  and 

(  OK 
r  obtain  the  three 


'"rLH, 


j  <'!!,Ula 


M  H 

(  OH  (  OH  (  OH' 

An  alcohol  is  said  l*  l>c--priii\.«r;i,  stowhtn/,  or  ttrlv.mi.  according  as  the  car- 
bon-atour  -which  in  in  eoiit-'/ivuiini'  milk  hijilroxiil,  >.:■■  iih-.itUi:  directly  combined  with 
one.,  tvio,  or  three,  other  carbon-atoms. 

The  five -carbon  alcohol,  and  those  above  it.  arc  likewise  susceptible  of 
the  same  three  modifications,  and  no  mure,  inasmuch  as  the  carbon-alorn 
combined  with  hydroxyl  has  only  throw  other  uniis  of  equivalency  to  dis- 
pose of. 

There  is  still,  however,  another  kind  of  modification  of  which  the  alco- 
hols of  each  of  these  three  groups  are  susceptible,  arising  from  modifica- 
tions in  the  alcohol  radicals  tliomselvos,  already  notified  in  connection  with 
the  paraffins  (p.  478).  The  primary  four-carbon  alcohol,  for  example,  may 
be  represented  by  either  of  the  formulae : 

t  CH.CHXH,  /  CHfCH.}, 

°  s  °  I 

(oh  (oh 

Each  of  these  fu'.iils  ilte    essential  condition  of 
the  first  contains  normal  propyl,  Gltj(C2H6),  wherf 

isopvopyl.  (.;(!(('.' ll3y;;  and  in  ilie  higher  alcohols  ii 
still  larger  number  of  ncdiueiiiioiv-  may  exist. ;  In  it  only  a  very  few  of  them 
have  hitherto  been  actually  obtained.  The  ntet.hods  of  producing  secondary 
and  tertiary  alcohols,  and  the  differences  of  eliaracicr  exhibited  by  the 
several  jnotlificiiiiutiH,  will  he  osolaiued  further  on. 
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A  very  coiiveHien'.  nolo  ene!;it  lire  for  these,  isomeric  alcohols  has  been 
proposed  by  Kolbe,  Methyl  iticohol,  (JHjfOH),  is  called  mrbinol;  and  the 
primary  alcohols  formed  from  it  by  sneoessivc  subsl  itul  ion  of  methyl,  ethyl, 
&c,  for  an  atom  or  hydrogen,  arc  named  aeeoi'diug  to  the  radicals  which 
they  contain ;  thus, 

Parbino),  or  afolhyl  alcohol  .... 

Methyl  oarlunol,  or  Ethyl  alcohol 

Talril.  i ■ ; l i- 1) i : i ■  .■  1 ,  or  Propyl  alcohol 

Dinie'hyl  carhinol,   in:   Isopropyl  alcohol 

rropyl  carhinol,  or  Quartyl  alcohol 

Isopropyl  earbinol,  or  Isoquartyl  alcohol 

Methyl-ethyl  cavbinol,  or  Secondary  Quartyl 
alcohol 

Trimethyl   earbinol,  or  Tertiary  Quartyl  al- 
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Methyl  Alcohol,  Hydros  y  me  thane,  or  Car  bin  ol,  CII40  or  0II8(OH).  —  This 
is  the  simplest  member  of  theserics.      Ii  is  produced  :    I.   From  marsh -gas, 

by  subjecting  that  compound  10  the  act  ion  <>:'  chlorine  in  sunshine,  whereby 
chloromethane,  or  methyl  chlorido,  Ufl3t.'!,  ;,-  produced,  ami  distilling  this 
chloride  with  potash. 

2,  From  wintergreon  nil,  which  consisls  ohiolly  of  acid  methyl  salicy- 
late, C,H40  .  H  .  <!113.  by  distillation  h  ir.h  potash,  whereby  potassium  salicy- 
late is  formed,  and  methyl  alcohol  distils  over: 

C,H,Os .  H .  CH,      +       KOH       =       C,1IA-H.K      +       CH„(OH) 

Aoid  suel-hyl  Potassium  Acid  potassium 

salicylate.  hydrate.  salicylate. 

This  reaction,  which  consists  in  the  inierci.at.i'e  of  methyl,  and  potassium, 
yields  very  pure  methyl  alcohol. 

3.  From  crude  wood- vinegar,  the  watery  iiqnid  obtained  by  the  destruc- 
tive distillation  of  wood;   it  was  in  this  liquid  thai  tuoihyl  alcohol  was  first 

'ered  by   P.  Taylor,   in    1812:    hence    it   is  often    called    wood-spirit. 


Crude  wood-vinegar  probably  contains  about  -, ,',,,  part  of  methyl  alcohol, 
which  is  separated  from  the  greal  bulk  of  the  liquid  by  subjecting  the 
whole  to  distillation,  ami  collecting  apart,  the  first  portions  which  pass 
over.  The  acid  solution  thus  obtained  is  n  out  rati  zed  wi!h  slaked  lime,  and 
the  clear  liquid,  separated  from  the  oil  which  floats  on  the  surface,  and 
from  the  sediment  at  the  bottom  of  the  vessel,  is  again  distilled.  A  vola- 
tile liquid  is  thus  obtained,  which  burns  like  weak  spirit;  this  may  be 
strengthened  by  rectification,  and  ultimately  rendered  pure  and  anhydrous 
by  careful  distillation  from  quicklime  at  the  heat  of  a  water-bath. 

Pure  methyl  alcohol  is  a-  colorless,  thin  liquid,  very  similar  in  smell  and 
taste  to  ethyl  alcohol ;  crude  wood -spirit,  on  the  other  band,  which  contains 
many  impurities,  has  an  offensive  odor  and  a  nauseous,  burning  taste. 
Methyl  alcohol  boils  af  fi<Wi°  ('!.  fl  S2C  F.'j,  and  has  a  density  of  0-798  at 
20°  6.  (68°  F.).  Vapor-density  "(referred  to  hydrogen)  =  16.  Methyl 
alcohol  when  pure  mixes  in  all  proportions  with  water:  it.  dissolves  resins 
and  volatile  oils  as  freely  as  ethyl  alcohol,  ami  is  often  substituted  for  ethyl 
alcohol  in  various  processes  in  the  arls,  for  which  purpose  it  is  prepared 
onalarge  scale.  It  may  be  burnt,  instead  of  ordinary  spirit  in  lamps: 
the  flume  is  pale- colored,  like  thai  of  ctfy !  alcohol,  and  deposits  no  soot. 
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Methyl  alcohol  dissolves  er.ust.ie  baryta:  the  ^dullon  deposits,  by  evapora- 
tion in  a  vacuum,  ueieular  crystals,  containing  J'.aO .  ttull40.  It  dissolves 
calcium  chloride  in  large  quantity,  and  gives  rise  to  a  crystalline  compound 
containing,  jxecoi'iliuy  to  Kane,  ('aCl,.  iiCH40. 

J'otassiinit  and  s-ju'itai  dissolve  in  it,  wil.li  evolution  of  hydrogen  yie'iiing 
potassium  and  sodium  methylaies  or  methyl  ethers,  (.ltl;1OK,  and  CHjONa. 

By  oxidation,  ns  by  exposure    In    t.tio  ;ii i-  in  ConSnot  with  platinum  black, 
it  is  converted  into  formic  acid,  <'H.,t.t,,  or  (.'HO.  Oil.  which  is  derived  from 
it  by  substitution  of  1  atom  of  oxygen  for  2  atoms  of  hydrogen: 
CH40        +        Oa        =s        OH,        +         CIljOj. 

Methyl  Chloride,  or  Ohio ro methane,  CHaCl,  is  formed,  according  to  Ber- 
tbelot,  when  a  mixture  of  equal  volumes  of  methane  (marsh-gas)  and 
chlorine  is  exposed  to  i-oticei.ed  sunlight .  His  mo  re  easily  prepared,  how- 
ever, by  beating  a  mixture  of  1  purls  of  common  salt,  1  part  of  wood- 
Spirit,  and  3  parts  of  uoncenlvared  sulphuric  acid.  It  is  a  gaseous  body, 
which  may  be  conveniently  collected  over  water,  as  il  is  but.  slightly  soluble 
in  that  liquid.  It  is  colorless  ;  has  a  peculiar  mlov  and  sweetish  taste,  and 
burns,  when  kindled,  with  a  pale  flame,  greenish  towards  the  edges,  like 
most  combustible  chlorine-compounds.  It-  density,  referred  to  hydrogen 
as  unity,  is  25-26;  it  is  not  liquefied  at —18°  C.  (0°F.).  The  gas  is  decora- 
posed  by  transmission  through  a  red-hoi  tube,  with  slight  deposition  of 
carbon,  into  hydrochloric  aeiil  gus  and  n  [lydroonrbon  which  has  been  but. 
little  examined.  By  the  action  of  chlorine  in  sunshine  it  is  successively 
converted  ink)  raeiki-.ne  rhLnlth,  or  did-.to/omethane,  C-l!.,('l.„  a  liquid  luiiling 
at  Si>5°  C.  (87°  F. ) ;  mrthciril  ddoriile,  (ricldwHiM.hiuit,  or  chloroform,  CHCI3; 
and   carbon  tetrachloride,  CCI^ 

Methyl  Iodide,  or  Iodomethane,  CH3T,  is  a  colorless  and  feebly  combustible 
liquid,  obtained  by  distilling  logcthce  1  part  of  phosphorus,  8  of  iodine, 
and  12  or  15  of  wood-spirit.  It  is  insoluble  in  water,  has  a  density  of 
2-237,  and  boils  at  40°  C.  (Ill0  F.l.  The  density  of  its  vapor,  referred  to 
hydrogen  as  unity,  is  71,  When  d bodied  it;  scaled  tubes  with  sine,  it  yields 
a  colorless  gaseous  uiixtuvo  eon  tit  in  in;;  etiiane,  or  dimethyl,  C2Ha,  and  the 
residue  contains  zinc  iodide,  together  with  sine  mc.thio'e,  Zn(CH3)2,  a  very 
volatile  liquid,  which  takes  'ire  spontaneously  in  contact  with  the  air: 
2CH.I  +  Zn  =  Znl,  +  C,H6 
2CH,I         +        Zn2        =        Znta        +         Zn(CHs)a. 

Methyl  Ether,  Methyl  Oxide,   or  Methoxyl-metntuie,  CjH60  =  (CH3)30 

fl 

=  C-J  ,,■  — This  compound,  v.diich  bears  iiie  same  relation  to  methyl  alco- 

I  om, 

hoi  that  anhydrous  potassium  oxide,  oears  to  potass 
hy  abstraction  of  the  elements  of  water  from  mt 

oii2=c2h6o. 

To  prepare  it,  1  part  of  wood-spirit  and  4  parts  of  concentrated  sul- 
phuric acid  are  mixed  and  exposed  so  heat  in  a  Husk  titled  with  a  perfo- 
rated cork  and  beni  tube  ■  the  liquid  -dowdy  blackens,  and  emits  large  quan- 
tities of  gas,  which  may  be  passed  thru  ugh  :i.  little  strong  solution  of  caustic 
potash,  and  collected  over  mercury.  This  is  methyl  ether,  a  permanently 
gaseous  substance,  which  dees  not  liquefy  at  — lb"  C.  i'3°  F.).  It  is  color- 
less, has  an  ethereal  odor,  and  burns  wit ii  a. pale  and  feebly  luminous  flame. 
Its  specific  gravity  is  1-1117  referred  to  air,  or  •!",  referi-ed  to  hydrogen  as 
unity.  Cold  water  dissolves  about  ii3  I  lines  its  volume  of  this  gas,  acquiring 
thereby  its  characteristic  taste  and  odor:   on  boiling  the  Solution,  the  gas 
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n  liberated.      Alcohol,  wood  spirit,  and  concentrated  s nhihuric  acid 


Methyl  Nitrate,  CIIj.N'O.,.  or  CI!,.  0X0...  or  11  ..:— 0— >i  —  This  ether  Is 
0 

obtained  by  distilling  ,"()  ;r»ms  of  pounded  nli.ro  with  60  grama  of  wood- 
spirit  and  100  grams  of  sulphuric  acid,  in  a  retort,  without,  external  heat- 
ing. It  is  a  coiorlest  liquid  nl"  sr...  irr.  1-1S2  at  2iP  C.  (UK11  ]'.);  boils  at  ■" i-tj= 
C.  (151°  K. ) ;  lias  a  taint,  ethereal  odor.  Its  vnpior  deli  mates  violently  wher 
healed  lo  lo0°  C.  (802°  I''.},      Heated  win.  alcoholic  a 

thylamine  nitr         ' 

methyl  ether. 

Methyl   Sulphates,  — Sulphuric   acid   being   a    bibasio    acid,   yields    two 
Diethyl  others       oho  aci'l,  the  oilier  ueuirsd. 

Acid  itielliyh-iilji/iiiii:,   MiU.yt  ai'.l   ilydroyin.  mf'n'/i,   M-(hi/lriii/p?i!iri>;  mill,  Or 

0 

Sulphomthylic  acid,  CH3.H.S0.,  or  CHj.OSOjH^H.C— 0— S— OH.— To 

4 

prepare  this  acid  other.  1  part,  of  ivonil  sph-i!  is  -lowly  mixed  with  2  parts 
of  concentrated  sulphuric  acid,  and  the  whole  is  hoatod  to  ehullition,  and 
left  to  cool,  after  which  if  is  diluted  with  water,  and  neutralized  with 
barium,  carbonate.  The  solution  is  filtered  from  the  insoluble  sulphate, 
and  evaporated,  first  in  it  walor-Laih,  and  a  iter  wards  in  a  vacuum  lo  the 
proper  degree  of  concentration.  The  sail  crystallizes  in  beautiful,  square, 
colorless  tablets,  containing  :Cri3).,'l)ti"til),, .  2011...  which  oilloresce  in  dry 
air,  and  arc  very  soluble  in  water,  liy  e.'itct  ly  precipitating  the  base  from 
tilts  substance  with  dilute  sulphuric-  acid,  and  leaving  the  filtered  liquid  lo 
evaporate  in  the  air,  melhylsulphnrie  st.eid  nifty  be  procured  in  the  form  of 
a  sour,  syrupy  liquid,  or  in  minute  acicular  crystals,  very  soluble  in  water 
and  alcohol.  It  is  very  instable,  being  easily  .  Ice,  mi  posed  by  heat.  Potan- 
sium  methylsulphalc,  CI^KSO,,  crystallizes  in  stnali,  nacreous,  deliquescent 
rhombic  tables.      The  {-":-i-x-::i  is  also  very  soluble. 

Neutral  Methyl  suijiUle,  or  JHrnehyVc  siiljihit!-:,  (t;ii3}^(>4,  or  CH3  .  OS09 


CH3,  or   H3C—0— 8—0— CH3.— This    ether   is   prepared    by    distilling   1 

II 

0 
part  of  wood-spirit  with  8  or  10  parts  of  strong  oil  of  vitriol;  the  dis- 
tillation may  be  carried  nearly  to  dryness.  The  oleaginous  liquid,  found 
in  the  receiver  is  agitated  with  water,  and  purified  by  rectification  from 
powdered  caustic  baryta.  The  product  is  a  colorless,  oily  liquid,  of  alli- 
aceous odor,  having  a  density  of  l-i>2-l,  and  boiling  at  188°  C.  (370°  P.). 
It  is  neutral  to  tost  jiiiper,  and  insoluble  in  water,  but  decomposed  by  that 
liquid,  slowly  in  the  cold,  rapidly  and  with  violence  at  a  boiling  tempera- 
ture, into  niethvlsulphuric  sushi  and  wood-spirit.  Anhydrous  lime  and 
baryta  have  no  notion  on  this  oilier:  their  hydrales,  however,  and  those 
of  potassium  and  sodium,  decompose  it.  iusiantly,  with  production  of  a 
methylsulphate  of  (he  base,  mid  methyl  alcohol.  When  neutral  methyl- 
sulphate  is  heated  with  common  -all,  il  yields  sodium  sulphate  and  methyl 
chloride ;  with  mercuric  cyanide,  or  potassium  cyanide,  it  trives  a  sulphate 
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of  the  base,  ami  met  hi !  cyanide  ;    v.-hh  dry  -odium  formate,  it  yields  sodium 
sulphate  ami  methyl  formate 

Methyl  Borate,  (GHs),BO,  =  B'"(OCHa)s,  ia  formed  by  the  action  of 
gaseous  boron  chloiidu  on  anhydrous-  iiicibvl  alcohol.  Ti  is  a  limpid  liquid, 
of  specific  gravity  0-u.Vit  at  CK  iioili.ig  ac  72°  (!.  (1G2°  I'.).  Water  decom- 
poses  it  into  boric  acid  and  methyl  alcohol. 

Methyl  Phosphates. — Two  methyl  phosphates  have  been  obtained,  viz., 
mothylphosphork  a.ehl,  it>Oi'"iOli ':,.■:  Ot  Mi..1.,  and  dimolhylphosphoric  acid, 
[PO)'/'(OH)(O0H3)i.  They  are  formed  by  the  action  (if  phosphorus  osy- 
ehloride  on  methyl  alcohol  under  dtifereut  circumstances. 

Methyl  Silicate,  hSI1' fOt.'l la).ln  is  obtained  by  acting  upon  perfectly  pure 
and  dry  methyl  ulcohoi  w-'ib  siliciuui  Korai.-hioiide,  and  distilling  the  pro- 
duct. It  is  a  colorles.'  liquid,  of  pleasant,  clhorcal  odor,  specific  gravity 
1-0539  at  0°,  distilling  between  121°  and  120°  C,  f^,->0o-2C8o  F.).  It  dis- 
eoWes  with  moderate  facility  in  water,  and  the  solution  does  not  become 
turbid  from  separation  of  silica  for  Home  weeks.  Its  observed  vapor-den- 
sity is  5-38  referred  to  air,  or  312  referred  (o  hydrogen,  the  calculated 
iimiib,!!-  being  304. 

Ilexmethyl-dkUicic  ether,  (0  U^Si/l.,  or  Si".,0i;'0l':ii3';s,  is  produced,  to- 
gether with  the  compound  i;:st.  described,  iviiea  the  mcf.liyl  alcohol  used  is 
Pot  quite  dry.  It  boils  at  201°  10  2\Y1-~j"  l.i.  [■IW-'i'XP  I-1.},  and  has  a  density 
of  1-1441  at  0".     In  other  respect*  it.  rcsemUtu  (ho  preceding. 

Methyl  Bulph-hy urate,  Cll^t-ll,  also  called  Methyl  Morcaptan, — This  com- 
pound, which  ha*  t.hc  composition  of  iitelhyl  alcohol  with  the  oxygen  re- 
placed by  sulphur,  is  formed  by  distilling  in  a  water-bath,  with  efficient 
condensation,  a  mixture  of  calcium  methyl  sulphate  and  potassium  sulpk- 
hydrate : 

(80<)il(CH,)1Cft"  +  2KSH  =  S04K,  +  SO,C»  +  2CIIaSH". 
It  is  a  liquid  lighter  than  water,  and  having  an  extremely  offensiya  odor. 
It  forms  with  lead-ace  laic  a  yellow  precipitate,  and  wish    mercuric  oxide  a 
white  compound,  (CH3':.A,lic/',  ivhich   oryslallitfos  from  alcohol  in  shining 
I  am  in  £e. 

Methyl  Sulphide.  KfCIIa'ls.  or  ir,(\3CIIa.  is  oblaiued  by  passing  gaseous 
methyl  chloride  into  a,  soiuiuin  oi.' "pot.assiutu  nu,uusulphide  in  wood-spirit. 
It  is  a  colorless,  mobile,  fetid  liquid,  of  specific  gravily  0-845  at  21°  C, 
(7(5°  I'.),  boiling  til  41°  C.  (10G°  F.J.  It  forms  several'  substitution-pro- 
ducts tfith  chlorine. 

Methyl  Jlisiilpliid'-.  i'<"ll3;.,S...  is  prepared  by  passing  gaseous  methyl  chlor- 
ide through  an  alcoholic  solution  of  potassium  bisulphide.  It  is  a  limpid, 
strongly  refracting  liquid,  havhq;  a  specific  eravity  of  1  ■  0-1(5  at  18°,  and  an 
intolerable  odor  of  onions  ;  boils  between  Uti-'  and  1.1.8°.  It  forms  substi- 
tution-products with  bromine  arid  chlorine. 

By  substituting  pent  a  sulphide  fir  bisulphide  <,\  potassium  ill  the  preced- 
ing preparation,  a  trixu;j,m</e  vf  iwsihtil,  ;'<..:.[.[3\,.S,.  is  obtained,  boiling  at 
about  200°. 


Ethyl  Alcohol,  Hydroxyl-e  thane,  or  Methyl  Carbinol, 
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This  important  com  pound,  the  oldest  and  best  known  of  the  whole  group 
of  alcohols,  and  generally  designated  by  the  simple  name  "  alcohol,"  is 
produced  r 

1.  From  ethcne,  C2H4,  by  addition  of  the  elements  of  water.  When 
ethcne  gas  and  strong"  sulphuric  acid  are  violeni.lv  agitated  together  for  a 
long  time,  the  gas  in  absorbed,  ami  elhy Sulphuric  mud,  CjH,S04,  is  pro- 
duced ;  and  this  compound,  distilled  v,  il  h  water,  yields  sulphuric  acid  and 
ethyl  alcohol: 

C,H,S04      +      OH,      =      so,n2      +      CsrT60. 

Now  we  liuvii  seen  that  el ti '.no  can  be  funned  by  addition  of  hydrogen 
to  e thine,  CSH,,  which  is  itself  formed  by  direct  combination  of  carbon  and 
hydrogen-  It  follows,  therefore,  thai  alcohol  can  be  produced  syntheti- 
cally from  its  elements. 

2.  By  the  fermentation  of  certain  kinds  of  sugar.  When  a  moderately 
warm  solution  of  canc-su;;ar  ni'  jirape-sn^ar  (jihicosej  is  mixed  with  cer- 
tain albuminous  matters,  as  blood,  white  of  i-fte.  tiour-pastc,  and  especially 
beer-yeast,  in  a  state  of  decomposition,  a  pocoliar  process,  called  fmneiita- 
tion,  is  set  up,  by  which  the  incur  is  resolved  into  ethyl  alcohol  anil  carbon 
dioxide.  In  the  case  of  glucose,  those  peodueis  result  from  a  simple  split- 
ting up  of  the  molecule  : 

0,11,10,        =         2C02        +         2CiII,0. 

Glucose.  Carbon  Alcohol, 

dioxide. 

Cane  sugar,  C,sII,.,0,„   is   first-  converted   into  glucose    by  assumption    of 

water  (C^II^O,,  -j-  OII2  =  2t'eM1.,C>6),  and  the  latter  is  then  decomposed  as 

above.* 

If  ordinary  cane-sugar  lie  dissolved  in  a  large  quantity  of  water,  a  due 
proportion  of  active  yeast  added,  and  ilic  whole  main rained  at  a  tempera- 
ture of  21°-26°C.  (70°-8O°F.),  the  change  will  go  on  with  great  rapidity. 
The  gas  disengaged  is  nearly  pure  carbon  dioxide:  it.  is  easily  collected 
and  examined,  as  the  formcnlal  iun,  once  commenced,  proceeds  perfectly 
well  in  a  close  vessel,  such  as  a  large  bottle  or  ilask  fitted  with  a  cork  and 
a  conducting- tube.  When  the  effervescence  is  at  an  end,  and  the  liquid 
has  become  clear,  ii  will  yield  alcohol  by  distillation. 

The  spirit  first  ohiatnod  by  distilling  a  fermented  saccharine  liquid  is 
Very  weak,  being  diluted  with  a  large  inutility  of  water.  By  a  second  dis- 
tillation, in  which  tlie  first,  portions  nf  the  distilled  liquid  arc  collected 
apart,  it  may  be  greatly  strength1, nee  :  the  whole  of  the  water  cannot, 
however,  be  thus  removed.  The  strongest  rectified  spirit,  of  wine  of  com- 
merce has  a  density  of  about  t>835,  ana  yet.  contains  1  ?,  or  14  per  cent,  of 
water.  Pure  or  aU'ihite.  alcohol  may  be  obtained  from  it  by  redistilling  it 
with  half  its  weight  of  fresh  quicklime.  The  lime  is  reduced  to  coarse 
powder,  and  put  into  a  retort ;  the  alcohol  is  added,  and  the  whole  mixed 
by  agitation.  The  neck  of  the  retort  is  securely  stopped  with  a  cork  and 
the  mixture  left  for  several  days.  The  alcohol  is  distilled  off  by.  the  heat 
of  a  water-batli. 

Pure  alcohol  is  a  colorless,  limpid  liquid,  of  pungent  tint  agreeable  taste 
and  odor;  its  specific  gravity,  at.  I..V5"  !'.  [(if)0  I'.'),  is  0-7!!38,  and  that  of  its 
vapor  referred  to  air,  1-613.  It  is  very  inflammable,  burning  with  a  pale- 
bluish  flame,  free  from  smoke  :  il  has  never  been  frozen.  Alcohol  boils  at 
78-4° C.  (173°  F.)  when  in  the  anhydrous  state  ;   in  a  diluted  state  the  boil- 
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ing  point  is  higher,  heme;  progressively  raised  by  each  addition  of  water. 
In  the  act  of  dilution  a  contraction  of  volume  occurs,  and  the  temperature 
of  the  mixture  rises  many  degrees :  this  lakes  place  not  on! y  with  pure 
alcohol,  but  also  with  rectilied  spirit.  Alcohol  is  miscible  with  water  in 
all  proportions,  ami,  indeed,  has  a  great  attraction  ("or  the  latter,  absorb- 
ing its  vapor  from  the  air,  and  absiraciin^  me  moisture  from  membranes 
and  other  similar  substances  immersed  in  it.  The  solvent  powers  of  alco- 
hol are  very  extensive  ;  it  dissolves  a  great  number  of  saline  compounds, 
and  likewise  a  considerable  proportion  of  potash.  With  some  salts  it 
forms  definite  crystalline  compounds,  called  ukuhoi'ilcs :  with  nne  chloride, 
ZikClj .  2C,H60  ;  with  atlaum  c!il"riilr.  Cu(.:].1 .  :H'.,lleO  :  with  mugnes'.unt  ni- 
trate, (NOa)aMg.  BCjIljO.  Alcohol  dissolves,  moreover,  many  organic  sub- 
stances, as  the  vo^eio-nlhitlie.s,  renins,  essential  oils,  and  various  other 
bodies  :  hence  its  great  use  in  thou  leal  investigations  and  in  several  of  the 

Potassium  and  sodium  dissolve  in  ethyl  nleobol  in  ihe  same  manner  as  in 
methyl  alcohol,  forming  the  c noiiods  HJl-KO  ami  iyi6NaO. 

Alcohol,  passed  through  a  red-hot  tube,  is  resolved  into  marsh-gas,  hy- 
drogen, and  carbon  monoxide: 

C,HjO     =     CH,    +     H3    +    CO. 


mn  is  deposited. 

By  oxidation,  alcohol   is  converted,  first,  into  aldehyde,  then  i 
icid: 

CJLO       +       0       =       OH,      +       C.H,0, 

'  '  "  Aldehyde. 

0       =      C,H,0. 

Acetic  acid. 


:!!(," 


C.'ilnrlm  yas  is  rapidly  ahs orbed  by  anhydrous  alcohol,  imparting  to  it  a 
yellow  color,  and  causing  considerable  ris«  of  temperature.  At  the  same 
time  it  rapidly  abstracts  hydrogen,  which  is  partly  replaced  by  the  chlo- 
rine, producing  hydrochloric  acid,  aldehyde,  aceiic  aeid,  ethyl  acetate, 
ethyl  chloride,  and  finally  chloral.  The  nii.viuro  of  these  substances,  freed 
by  water  from  the  soluble  constituents,  wa.s  formerly  called  heavy  muriatic 
ether.     The  formation  of  the  several  products  is  represented  by  the  follow- 


.jiic: 
OHj 

■ma 


Acetic  acid, 
of  the  chlorine 


When  thi 
always  the  principal  product. 
the  composition  of  aldehyde  with 
44 


■  of  hydrogen  replaced  by  chlorine; 
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but  it  cannot  bo  formed  by  the  iliroci  action  of  chlorine  upon  aldehyde. 
When  alcohol  containing  water  is  used,  scarcely  any  chloral  is  obtained, 
tho  ohiof  product  being  aldehyde. 

Chlorine,  in  presence  of  ulbdics,  converts  alcohol  into  chloroform  and 
Carbon  dioxide: 

C,H60     -I-     4Cla     +    0Hi!    =■    COs    +     6HC1     +     CHC's- 
Alcohol.  '  Chloro- 

form. 
The  aame  products  are  formed  by  distilling  dilute  alcohol  with  bleaching 
powder. 

Aqueous  alcohol  heated  wilh  strong  .>■;■■,'/.■ /.',■<.■■>>  ec'i?  is  converted  into  ethyl- 
sulphuric  acid,  C,I!G.SO.l:  or  (.yr.;U.St)3!f  1.  (p.  Siiij ;  hut.  when  anhydrous 
alcohol  is  exposed  t.o  i  lie  vapor  of'  sulphuric  oxide.  S03.  a.  whito  crystalline- 
substance  ia  formed,  called  ciLionic  oxide,  foimorly  sulphate,  of  carbyl, 
CaH,Sa06.  This,  when  dissolved  in  water  or  in  aqueous  alcohol,  is  converted 
into  itlaotiic.  odd.  CJl0S:O7.  a  bihasio  iicid,  which  forms  a  soluble  barium 
salt.  Lastly,  a  solu'iinn'ol'  etbionlo  acid,  h  hen  boiled,  is  resolved  into  sul- 
phuric acid  and  isetkionie  acid,  an  acid  isomeric  Willi   ethvlsulphuric  acid 

(p.  527). 


Commercial  Spirit,  V'inr.  Iiei-r,  Ac.  Vhioi:::  .Prrmrrdoticoi.—Thv  strength  of 
commercial  spirit.,  when  free  from  sugar  and  oilier  substances  added  sub- 
sequent to  distillation,  is  inferred  from  its  density:  a  table  exhibiting  the 
proportions  of  real  alcohol  and  wafer  in  spirits  of  different  densities  will 
be  found  at  the  end  of  tho  -volume.  Tin!  excise  proof  spirit  has  a  sp.  gr. 
of  0-9198  at  60°  F„  and  contains  411}  per  cent,  by  weight  of  real  alcohol. 

The  high  duty  on  spirits  of  wine  in  this  country  has  hitherto  interfered 
with  the  development,  of  many  brunches  of  industry,  winch  are  dependent  on 
the  free  use  of  this  important  liquid.  The  labor-  of  the  scientific  chemist  have 
been  likewise  often  cheeked  by  this  inconvenience.  -A  remedy  for  the  evil 
has  been  supplied  in  t.lroal  lit-itaiu  by  a  vow  important  measure,  proposed 
and  carried  out  by  the  late  Mr.  John  Weed,  Chairman  of  the  Board  of  Inland 
Revenue.  This  measure  consists  in  issuing  for  manufacturing  and  scientific 
purposes,  duty  free,  a  mixture  of  tHi  per  cent,  of  spirits  of  wine  of  not  less 
strength  than  con-capo  mis  to  a  density  el  tJ-^dO,  with  HI  per  cent,  of  partially 
purified  wood-spirit,  which  is  now  sold  by  licenser!  dealers  under  the  name 
of  Methylated  Spirit.  It.  appears  that  a  mivturo  of  ihis  kind  is  rendered  per- 
manently unfit  for  Inn  nan  eon-sump  I  km,  die  separation  of  the  two  substances, 
in  consequence  of  their  close  analogy,  bciu;;  noi  only  difficult,  but  to  all 
appearance  impossible:  at.  the  same  lime,  and  for  the  same  reasons,  this 
mixture  is  not  materially  impaired  !'■  r  the  greater  number  of  the  more 
vidua  ble  purposes  in  I  he  arts  to  ■.'.hick  spirits  are  usually  employed  Metis;  1- 
ated  spirit  may  be  used,  instead  of  pure,  spirit,  as  a  solvent  of  resinous 
substances,  and  of  many  chemical  preparations,  especially  of  the  alkaloids 
and  other  organic  products.  It  may  be  use' I  for  I  he  production  of  fulmi- 
nating mercury,  ether,  chloroform, 'iodoform,  olcfiant  sins,  and  all  its  de- 
rivatives— in  fact,  for  an  endless  tin  ruber  of  laboratory  purposes.  Mythyl- 
ated  spirit  may  also  be  substituted  for  pure  spirit  of  wine  in  the  preser- 
vation of  anatomical  preparations.  The  introduction  of  this  spirit  has 
already  exerted  a  very  beneficial  effect  upon  tho  development  of  organic 
chcmislry  in  thai  country.* 

factum,  uddreis  U    in  oil,  and 

HmJiviwJ.     (tjiliiit..  t;i  Jenuai.  ■:.!' l.:lni:ii'.n!  sedety,  vel   ":::    - 
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Wine,  beer,  St.,  owe  1 1 1 r- i t '  ivL'oxi'.'uling  preperties  to  the  alcohol  they  con- 
tain, the  quantity  oi'  which  varies  very  much.  Purt  and  sherry,  anil  some 
other  strong  wines,  eomain.  according  i<>  Mr.  I'.rande.  from  13  to  25  per 
cent,  of  alcohol,  while  in  l.lio  lijfht.nr  wine..-;  of  Franco  and  Germany  it  some- 
times falls  as  low  as  12  per  cent.  Strong  ale  contains  about  10  per  cent.  ; 
ordinary  spirits,  as  brandy,  gin,  whiskey,  -lit  tn  oil  per  cent.,  or  occasionally 
more.  These  latter  own  [heir  characteristic  flavor.*  to  ct'i-tain  essential  oils, 
present  in  very  small  quantity,  either  generated  in  the  act  of  fermentation 
or  purposely  added. 

[n  making  wine,  the  expressed  juice  of  the  grape  is  simply  set  aside  in 
large  vats,  where  it.  undergoes  spontaneously  tlie  necessary  change.  The 
vegetable  albumin  of  (he  juice  adsorbs  oxygen  from  the  air,  runs  into  de- 
o.juiposhiou,  and  in  Ihat.  slate  becomes  a  ferment  to  tint  sugar,  which  is 
gradually  convened  into  alcohol.  If  the  sugar  he  in  excess,  and  the 
nzotized  matter  de.iieient,  the  rcsidling  wine  remains  sweet;  but  if,  on  the 
Other  hand,  the  proportion  of  sugar  tie  small  a.nil  that  of  albutneu  large,  a 
dry  wine  is  produced.  When  the  ferment  aiio:i  stops,  am!  the  liquor  becomes 
clear,  it  is  drawn  oil  from   ihe  leos,  ami   transferred  to  casks,  to  ripen  and 

The  color  of  red  wivte  Is  derived  from  iho  sl:ius  of  the  grapes,  which  in 
Such  cases  are  left  in  the  fermenting  liquid.  E Serve. *oonl  wines,  as  cham- 
pagne, are  bottled  bel'ure  tlie  feivncniulion  is  complete:  the  carbonic  acid 
is  disengaged  under  pressure,  and  retained  in  solution  in  the  liquid,  A 
certain  quantity  of  sugar  is  frequently  added.  The  process  requires  much 
delicate  management. 

During  the  termer. intiou  <if  the  grape-juice,  or  vats',  a  crystalline,  stony 
matter,  called  argot-,  is  deposited.  This  consists  ohieily  of  acid  potassium 
tartrate  with  a  litllc  coloring  nialier,  and  is  the  source  of  all  the  tartaric 
acid  met  with  in  commerce.  The  sail  in  question  exists  in  the  juice  in  con- 
siderable quantity  ;  it.  is  but  sparingly  soluble  in  water,  but  still  less  so  in 
dilute  alcohol:  hence,  as  the  fermentation  proceeds,  and  the  quantity  of 
spirit  increases,  it  is  slowly  deposited.  The  acid  of  the  juice  is  thus  re- 
moved as  the  sugar  disappears.  11  is  this  circumstance  which  renders 
grape-juice  alone  fit  for  making  good  wine:  when  that  of  gooseberries  or 
currants  is  employed  as  a  substitute,  the  malic  and  citric  acids  which  these 
fruits  contain  cannot  he  tints  wiihdrawn.  There  is  then  no  other  resource 
but  to  add  sugar  in  suiheionl.  quunlil y  to  mask  ami  conceal  the  natural 
acidity  of  the  liquor.  Such  wines  are  necessarily  acescent,  prone  to  a 
second  fermentation,  sural,  to  many  persons,  at.  least,  very  unwholesome. 

Beer  is  a  well-known  liquor,  of  greut  ati'iijuiiy.  prepared  from  germi- 
nated grain,  generally  hurley,  and  is  used  in  countries  where  the  wine  does 
not  flourish.  The  operation  of  mwUun  is  performed  by  steeping  the  barley 
in  water  until  the  grains  hoc  a ::'.?.  swollen  ami  soil,  then  piling  it  in  a  heap 
Or  couch,  to  favor  (he  e'cvai  ion  of  temperature  caused  by  the  absorption  of 
oxygen  from  the  air,  and  afterwards  spreading  it.  upon  a  floor,  and  turning 
it  over  from  time  to  time  to  preve.n!  unequal  beating.  When  germination 
has  proceeded  far  enough,  the  vitality  of  the  seed  is  destroyed  by  kiln- 
drying.  During  this  process,  a  peculiar  nitrogenous  substance  called 
diastase  is  produced,  which  acts  as  a  ferment,  on  the  starch  of  the  grain. 
Converting  a  portion  of  it  into  sugar  ami  rendering  if  soluble. 

in  brewing,  the  crushed  malt,  is  infused  in  water  at  about  77°  C.  (170°  F.), 
and  the  mixture  is  left  to  stand  during  the  space  of  I  wo  hours  or  more, 
The  easily  soluble,  diastase  has  thus  an  opportunity  of  noting  upon  the  un- 
altered starch  of  the  grain,  ami  changing  ii  iui  odcxtriu  and  sugar.  The  clear 
liquor,  or  wort,  s(raiued  from  the  exhausted  malt,  i.s  next  pumped  up  into 
a  copper  boiler,  ami  boiled  with  the  requisite  quantity  of  hops,  to  com- 
municate a  pleasant,  bitter  Mayor,  and  confer  on  the   beer  the  property  of 
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keeping  without  injury.      The  'lowers  of  tin:  hop  contain  a  bitter,  resinous 

principle,  called  taj'tdm,  ami  un  essential  oil. 

When  the  wurt  has  been  sufficiently  boiiR-.l.  it  is  drawn  from  the  copper, 
and  cooled  as  rapidly  as  possible,  to  near  the  ordinary  temperature  of  the 
air,  in  order  to  avoid  an  irregular  acid  fermentation,  lo  which  it  would 
otherwise  be  liable.  It  is  then  transferred  t.o  iiie  fermenting  vessels,  which 
in  large  breweries  are  of  great  capacity,  :md  mixed  will,  a  quantity  of 
yeast,  the  product,  of  n  preceding  opcrni  lijji,  by  w  hi  eh  the  change  is  speedily 
induced.  This  is  the  moat  orit  ioal  pa  rl  of  the  whole  o p o ration,  and  one  in 
which  the  skill  and  judgment,  of  the  brewer  are  most,  called  into  play.  The 
process  is  in  some  inca.-iiri'  under  roulrol  by  attention  to  the  temperature 
of  the  liquid;  and  the  extent  to  r,  hic.li  the  change  has  been  carried  is  easily 
known  by  the  diminished  density,  or  n/.'an/u/r'in  of  the  wort.  The  fermeuta- 
tion  is  never  suffered  t.o  run  its  full  course,  but.  is  always  stopped  at  a  par- 
ticular point,  by  separating  the  yeast,  and  drawing  off  the  beer  into  casks. 
A  slow  and  almost  insensible  fermentation  succeeds,  which  in  time  renders 
the  beer  stronger  and  less  sweet  i.iian  when  new,  and  charges  it  with  oar- 
Highly  colored  beer  is  made  by  adding  lo  the  mall  a  5111  all  quantity  of 
strongly  dried  or  charred  malt,  the  sugar  of  which  has  been  changed  to 
caramel ;    porter  and  stout  are  so  prepared. 

The  yeast  of  beer  is  a  very  remarkable  substance,  and  has  excited  much 
attention.  To  the  naked  eye  it.  is  a  greenish-yellow  soft  solid,  nearly  in- 
soluble in  water,  and  dries  up  to  a  pale- brownish  mass,  which  readily 
putrefies  when  moistened,  ami  becomes  offensive.  Under  the  microscope 
it  exhibits  a  kind  of  organize!  appearance,  being  made  up  of  little  trans- 
parent globules,  which  sometimes  cohere  in  clusters  or  strings,  like  some 
of  the  lowest  members  of  the  vegetable  kingdom.  Whatever  may  be  the 
real  nature  of  the  substance,  no  doubt  e:i  it  exist  that  it  is  formed  from  the 
soluble  azotized  portion  of  the  grain  duriog  the.  fermentative  process.  Ko 
yeast  is  ever  prod  need  in  liquids  tree  I'm  1  re.  u/oti/.cil  matter  ;  that  added  for 
the  purpose  of  exciting  fermentation  in  pure  sugar  is  destroyed,  and  ren- 
dered inert  thereby,  When  yeast  is  deprived,  by  straining  and  siren;!; 
pressure,  of  as  much  wa.tor  as  possible,  it  may  be  kept,  in  a  cool  place,  with 
unaltered  properties,  for  a  long  time  ;    otherwise  it  speedily  spoils. 

The  distiller,  wdto  prepares  spirits  from  grain,  makes  his  wort,  or  wash, 
much  in  the  same  manner  os  the  iirowcr ;  he  uses,  however,  with  the  malt 
a  largo  quantity  of  raw  grain,  the  starch  of  which  sutlers  conversion  into 
sugar  by  the  dia.sta.se  of  the  mail ,  which  is  s:i:'.t:ieiii  foe  Ms  purpose.  Ho  does 
not  boil  his  infusion  with  heps,  hut  proceeds  at  once  to  the  fermentation, 
which  he  pushes  as  far  as  possible  by  large  ami  repented  doses  of  yeast. 
Alcohol  is  manufactured  in  many  eases  from  potatoes.  The  potatoes  are 
ground  to  pulp,  mixed  with  bet  water  and  a  little  malt,  t.o  furnish  diastase, 
made  to  ferment,  and  thou  the  fluid  portion  is  distilled.  The  potato-spirit 
is  contaminated  by  a  very  offensive  v  da-tile  oil,  again  lo  be  mentioned :  the 
crude  product,  from  corn  contains  a  substance  of  a  similar  kind,  'the  busi- 
ness of  the  rectifier  eonsisls  in  removing  or  modifying  these  volatile  oils, 
and  in  replacing  them  by  others  of  a  more  agreeable  character. 

In  making  bread,  the  vinous  fermentation  plays  an  important  part :  the 
yeast  added  to  the  dough  converts  the  small  pen  bin  of  sugar  the  meal  nat- 
urally contains  into  alcohol  and  carbonic  acid.  The  ga.s  thus  disengaged 
forces  the  tough  and  adhesive  material*  into  buidilcs,  which  are  still  further 
expanded  by  the  heat  of  the  oven,  which  at  the  same  time  dissipates  the 
alcohol:  hence  the  light  ami  spongy  lecture  of  nil  good  bread.  The  use 
of  leaven  is  of  great-  auiiquiiy  ;  this  is  merely  dough  in  a  state  of  incipient 
putrefaction.  When  mixed  with  a  large  quantity  of  fresh  dough,  it  excites 
in  the  latter  the  alcoholij  feiineni.t'.ion,  in  the  same  manner  as  yeast,  but 
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less  perfectly ;  it  is  a  pi  to  omumunicaie  a  disagreeable  imir  (aste  and  odor. 
Sometimes  carbonate  of  ammonia  is  employed  t.o  lighten  the  dough,  being 
completely  vohit.ili^i-d  by  the  high  temperature  of  the  uven,  Bread  is  now 
sometimes  made  by  mixing  a  little  hydrochloric  acid  itnd  sodium  carbonate 
in  the  dough;  if  proper  proportions  be  taken  and  the  whole  thoroughly 
inked,  I  he  operation  up.pcsirs  to  bo  very  successful. 

Another  mode  of  bi-eud-  m;i]i  i  cl^.  now  ps-sicti-u-d  nsi  u  large  scale  with  great 
success,  is  that  invented  by  th«  lute  Dr.  Ibmglish.  which  consists  in  agitat- 
ing the  dough  in  a  uti-on^  vessel  with  intui'  saturated  under  pressure  with 
carbonic  acid  gas.  When  the  dough  thus  Intuitu!  is  subsequently  released 
from  this  pressure  and  exposed  to  the  air.  the  gas  escapes  in  bubbles,  and 
lightens  the  mass  as  cITeelually  as  that  evolved  within  its  substance  by  fer- 
mentation. The  bveiid  thus  made,  called  "  aerated  bread,"  is  of  excellent 
quality,  not  being  subject  to  the  deterioration  which  so  frequently  takes 
place  in.  ordinary  bread,  when  the   fermentation  is  allowed  to  go  too  far. 

Vinota  fermentation.,  that,  is  to  say  the  conversion  of  sugar  into  alcohol  and 
carbon  dioxide,  never  lakes  place  except  in  presence  of  some  nitrogenous 
body  of  the  albuminoid  class  in  n  state  of  decomposition  (p.  4G3).  The 
manner  in  which  these  bodies  net.  in  inducing  ferment  at  ion  is  very  obscure: 
tliey  neither  add  any  thins  to  the  sugar  nor  take  any  thing  from  it;  "but  the 
motion  or  disturbance  of  their  part.ich's,  while  undergoing  putrefaction,  is 
supposed  to  be  communicated  l<>  the  particles  ui'  the  sugar  with  which  they 
are  in  contact,  and  thus  to  induce  the  decomposition  above  mentioned; 
hence  such  bodies  arc  called  feriii.--K.ts.  '('here  arc  oilier  modes  of  fermen- 
tation, which  sugar  itud  substances  allied  to  it  tire  capable  of  undergoing, 
and  the  particular  change  in 'luce!  I  varies  with  the  iiiud  of  ferment  present: 
thus  vinous  ferment  a  i  km  is  in 'in  cud  ivit.li  peculiar  facility  by  yeast;  laetous 
fermentation,  or  the  conversion  of  sugar  into  lactic  .acid,  by  putrefying 
cheese.  Another  very  reuutrkable  eireun>sianeo  connected  with  fermenta- 
tion is  that  it  is  always  accompanied  by  the  development  of  certain  minute 
living  organisms. — fungi  and  infusoria, — like  those  already  mentioned  as 
existing  in  yeast.  .So  constantly  in  deed  is  I  his  the  case,  that  many  chem- 
ists and  physiologists  regard  these  organisms  us  !he  exciting  cause  of  fer- 
mentation and  putrefaction  :  and  (his  view  appears  to  lie  corroborated  by 
the  fact  that  each  particular  kind  of  fermeiitai  ion  kikes  place  most  readily 
in  contact  with  a,  certain  living  organism,  or  al  least  with  nitrogenous  mat- 
ter containing  it;  thus  beer-yeast  contains  two  species  of  fungus,  called 
Torvula  cerevixm  and  l'-n <'r.oy,>.o .;.  <;li!ue.<iw,  the  cells  of  which  are  of  very  dif- 
ferent sizes,  so  that  they  iiv.ty  be  separated  by  tillering  an  infusion  of  the 
yeast,  the  larger  cells  of  I  lie  Ti.n-uU'  remaining  mi  the  filter,  while  those  of 
the  Pettictilaim,  which  are  much  smaller,  pass  through  with  the  liquid. 
Now,  it  is  found  that  the  residue  on  the  filler  brings  a  solution  of  sugar 
into  the  state  of  vinous  fermentation,  whereas  the  filtered  liquid  induces 
laetous  fermentation.  But  whether  this  effect  is  due  i.o  the  fungi  them- 
selves, or  to  the  peculiar  state  of  flic  album  in  mis  msi.tt.er  in  which  thoy  oc- 
cur, is  a  question  not  vet  decided.  The  investigation  is  attended  with 
peculiar  difficulties,  arising  ciiielly  from  the  universal  diffusion  of  the  germs 
of  these  minute  organisms,  which  sire  present,  not  only  in  sill  decaying  albu- 
minous matter,  and  on  the  skins  of  fruits,  leaves,  and  other  parts  of  plants, 
but  are  likewise  diffuse .1  through  i.hc  niv ;  so  that  in  experiments  made  for 
the  purpose  of  ascertaining  whether  fermentation  can  take  place  without 
them,  it  is  extremely  difficult,  to  insure  their  complete  exclusion  from  the 
subsiances  under  examination.* 
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Ethyl   Chloride,   or  Chlorethane,   C.H.Cl.   or   C!  II,  ,  often  called  Ey- 

Ici 

drochloric  ether. — To  prepare  this  compound,  rectified  spirit  of  wine  is 
saturated  with  dry  hydrochloric  acid  stub,  sml  the  product  distilled  with 
very  gentle  heal;  or  a  mixture  of  3  part*  oil  of  vitriol  and  2  parts  of  alco- 
hol is  poured  upon  4  parts  ot  dry  common  salt  in  a  retorl,  and  heat  applied ; 
in  either  case  the  vapor  of  the  hydrochloric  «t riei-  should  be  conducted 
through  a  little  tepid  water  in  a  wash-bottle,  and  then  conveyed  into  a 
small  receiver  surrounded  by  ice  and  salt.  It.  is  purified  from  adhering 
water  by  conlar.t  iviib  :i  fe"  iia^mcc.:s  of  Fused  eaicium  chloride.  Hydro- 
chloric ether  is  a  thin,  colorless,  a.ml  excessively  volatile  liquid,  of  a  pene- 
trating, aromatic,  ami  somewhat  alliaceous  odor.  At  the  freezing  point  of 
water,  its  sp.  gr  is  0-021,  and  if  boils  at  12-5C  C.  (55°  I1'.);  it  is  soluble  in 
10  parts  of  water,  is  but  incompletely  decomposed  by  solution  of  silver 
nitrate  when  the  two  are  heated  toother  in  a  scaled  tube,  but  is  quiclily 
resolved  into  potassium  chloride  mid  ethyl  alcohol  by  a  hot  aqueous  solu- 
tion of  caustic  potash: 

C,HSC1       +       KOH       =       KOI       -j-       C,HsOH. 

With  alcoholic  potash,  on  the   other  hand,  or  potassium  et.bylate,  it  yields 

C2U5C1    +     C2ll5OK     =     KC1     +     (CjHsJjO. 

Heated  with  soda-lime,  it.  yields  othene  or  olefiact  gas  r 

2C2HSC1    +    ONa3    =    2N&C1     +    OIIa    +     C,H4. 

When  vapor  of  ethyl  chloride  is  mixed  with  ohlorine  gas  in  a  vessel  ex- 
posed first  to  diffused  daylight,  ami  afterwards  to  direct  sunshine,  hydro- 
chloric acid  is  formed,  and  the  chlorine-  displace"  one  atom  of  hydrogen  in 
the  ethyl  chloride,  producing  iiiOTuicbloritnitod  ethyl  chloride,  or  dichlor- 
e(li!i.iic'(J2II.,CL.  a  colorless,  oily   liquid,    i-nmertc  with  elliene   chloride  or 

l)u:ch   '.i'fui-l.  ".ISy   lln:    ;n-oiot:e.od   notion    of  chheinc   in   excess,  the   i - 

pounds  CjHjOLj,  CJI,('l4.  I.Ulri.,  and  C.,01,-,  are  produced,  the  last  of  which 
is  a  crystalline  body,'  identical  with  the'earbon  triehlori'le  produced  by  the 
action  of  chlorine  on  Dutch  liquid. 

Ethyl  Bromide,  or  Bromethano,  C1,IIsI.li',  also  called  ILidrobrondo  ether,  is 
prepared  by  distilling  a  mixture  of  H  parts  bromine,  1  part  phosphorus, 
and  3!)  parts  alcohol.  It  is  a  very  volatile  liquid,  heavier:  than  water,  hav- 
ing :i  pencl  eating  taste,  ami    odor,  boiling  ai  11 "  C.  (100°  F.). 

Ethyl  Iodide,  or  Ionothane,  <"Vff.,I,  also  called  Ihidrimlic  etlusr,  may  be  con- 
veniently prepared  with  5  parts  of  phosphorus.  70  parts  of  alcohol  (of  0-81 
sp.gr.)  and  100  parts  of  iodine.  The  pbosphorus  is  introduced  into  a  tu- 
bulated  retort,  covered  with  pari,  of  the  alcohol,  and  heated  to  fusion. 
The  rest  of  the  alcohol  is  poured  upon  the  iodine,  and  the  solution  " 
obtained  is  allowed  to  flow  e:radually  Ihrongh  a  tap-funnel  into  the  r 
The  brown  liquid  is  at.  once,  decolorized,  urn!  ethyl  in  dido  distils  over,  which 
is  condensed  by  a-  good  eoeiliiig  apparatus.  The  distillate,  consisting  of  al- 
cohol and  ethyl  iodide,  is  again  poured  on  the  residuary  iodine,  whieh  is 
thus  rapidly  dissolve!,  inn-minced  iuio  the  retort,  and  ultimately  entirely 
converted  into  ethyl  iodide.  The  latter  is  washed  with  water  to  remove 
adhering  alcohol,  separated  from  this  wa.ter  by  a  tap  funnel,  digested  with 
calcium  chloride,  and  rectified  in  the  water  baih,  Ethyl  iodide  may  also 
be  formed  by  healing  in  a  sealed  "lass  vessel  a  mixture  of  hydriodio  acid 
and  olefiaatgas.      Hydriodie  other  is  a  colorless  liquid,  of  penetrating  cthe- 
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real  odor,  having  a  density  of  1-S2,  and  boiling  ai  '-3  C.  {162°  P.).  It  be- 
comes rod  by  exposure  to  light,  from  a  umrHin.!iii5t!UiO!ii  of  decomposition. 
This  substance  lias  become  highly  imporiaut  is  a  .source  of  ethyl,  and  from 
its  remarkable  deportment  ivttJi  ammonia,  wliicli  will  be  discussed  in  the 
Section  on  Organic  Bases. 

Ethyl  Oxide,  or  Ethylio  ether,  C,H^O=0,H,(OC;,H,)==(C,H,)sO.  This 
compound,  also  called  e.omnvm  (-titer,  or  simply  '.■;/,■«■,  contains  the  elements 
Of  2  molecules  of  nloohul  -ruintis  1  molecule  of  water: 

2CjH„0  —  OHa  =  C4Hi00; 
and  it  is  in  faet  produced  by  the  action  of  various  dehydrating  agents, 
such  us  zinc  chloride,  phosphoric  oitide,  and  strong  sulphuric  acid,  upon 
alcohol.  The  process  does  not  appear,  however,  to  be  one  of  direct  dehy- 
dration, at  least  in  I  lie  en  so  of  sulphuric  acid  :  for  when  that  acid  is  heated 
with  alcohol  to  a  certain  temperature,  it  noes  not  beeorue  weaker  by  taking 
water  from  the  alcohol,  but  ether  and  water  distil  over  together,  and  the 
sulphuric  acid  remains  in  its  original  stile,  ready  to  act  in  the  same  man- 
ner on  a  fresh  portion  of  alcohol.  The  reaction  is  in  fact  one  of  sub- 
stitution, the'  ultiimile  res-ull  being  the  conversion  of  alcohol,  C51I6(0U), 
into  ether,  tyyOi^ir.),  by  the  substitution  of  ethyl  for  hydrogen.  The 
manner  in  which  ibis  takes  phicc  will  be  better  understood  when  another 
moile  of  the  formation  of  ether  has  been  explained. 

When  a  solution  of  sodium  el  liyUn;.  U.,fl5O.Na,  in  anhydrous  alcohol,  ob- 
tained by  dissolving  sodium  to  siitu ration  in  tlmt  Ihpihl,  is  mixed  with  ethyl 
iodide,  double  decomposition  kikes  place,  resulting  in  the  formation  of  so- 
dium iodide  and  ethyl  oxide: 

C2HsON»     +     CJJSI     =     Nal    +     C,Hf(OC,H6°)- 
The  result  would  be  the  same  if  chloride  or  bromide  of  ethyl  were  substi- 
tuted   for   the    iodide;   moreover,    when    methyl   iodide   is    added,  iustcad 
of  the  ethyl  iodide,  an  oxygon  oilier  is   formed    couiaiuiug  both  ethyl  and 
methyl; 

C.H.OHa      +       CH.I     —      Nal       +       C2HBOCH3. 
Sodium  ethylate.       ■  Methyl  Hetbyl-ethyl 

iodide,  ether. 

In  each  case  the  reaction  consists  in  an  i at  ore h an  go  between  the  sodium 
and  the  alcohol-radical. 

Now,  when  alcohol  is  healed  with  strong  sulpfi  uric  acid,  the  first  result 
is  the  formation  of  etbylsulphurio  acid,  t-O.(0C2II6)t>IL  by  substitution  of 
ethyl  for  hydrogen  in  the  acid: 

SO,(OH)(OH)    +    CsH6(0H)    =    H(OII)    +    S05(OC,Hs)(OH) ; 
Sulphuric  Alcohol.  "Water.  Etbylsulphurie 

acid.  acid, 

and  when  the  ethyl  sulphuric  acbl  thus  formed  is  brought  in  contact,  at  a 
certain  temperature,  with  a  fresh  portion  of  alcohol,  the  reverse  sub- 
stitution takes  place,  resulting  In  flic  formation  of  ethyl  oxide  and  sulphu- 


Thc  sulphuric  acid  is  i.bus  reproduced  in  its  original  .stale,  and  if  the  sup- 
ply of  alcohol  be  kept  up,  and  the  temperature  maintained  within  certain 
limits,  the  same  series  of  actions  is  continually  repeated,  and  other  and 
water  distil  over  together. 


*  by  Google 


524 


ALCOHOLS    AND    KTIli',:^. 


The  most  favorable  tomp.M'sivii'e  f.:v  nth  eriN  ration  is  between  127°  and 
154°  C.  (260°  and  31(i!  !■'.) :  below  Ul'=  very  little  other  is  produced,  and 
above  154°  a  different,  ivuciioii  takes  place,  resulthi£  in  the  formation  of 
olefiant  gas.  The  imiitiiciiiitieo  ill  the  lem  pornture  wir.hin  the  ether-pro- 
ducing limits  is  be.-t  effected  hy  hoiliin;  the  mixture  of  sulphuric  aoid  and 
alcohol  in  a  flask  into  which  a  further  ijiii.iniity  of  alcohol  is  supplied  in  a 
Continuous  and  rcgubited  stream.    Thi.s  is  culled  the  i,:.'«'"tom  ether  process. 

A  wide -necked  fhi.sk  is  tilted  with  n  sound  cork,  perforated  by  three 
apertures,  ono  of  which  is  do* lined  to  receive  n  thermometer  with  tho  grad- 
uation on  the  stem  ;  a  second,  a  vertical  portion  of  n  long,  narrow  tube, 
ierinii'i'iii;;  in  mi  orifice  of  ahout.  .},.  of  ;in  inch  in  diameter :   and  the  thin  I, 


jo;;.  !:.<).;> 


a  wide  bent  tube,  connected  with  the  condenser,  to  carry  off  the  volatilized 
products.  A  mixture  in  made  of  8  parts  hy  weijrhl.  of  concentrated  sul- 
phuric acid,  and  .">  parts  oi"  rcciiheu  spirit  of  wine,  of  aliont  0-8:14  sp.  gr. 
This  is  introduced  inro  the  flask,  mm  Isetite'l  by  a  lamp.  The  liquid  soon 
boils,  and  tho  therm omctcr  very  shortly  indicate,-  n  temperature  of  140° 
C.  (284°  F.).  When  this  happens,  olcoiioi  of  the  above  density  is  suffered 
slowly  to'  enter  by  the  niimiii-  tube,  which  is  put-  into  communication  with 
"r  of  that  liquid,  consisting  of  ;i  hirexi  holtie  perforated  by  a  hole 

-     -\ie.o\  hi:    '■■!■  Hi-  ..iimV.ii  .if  ■ 'li    I    i    ■■    ■  ■■    ■■ii:"' 
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near  the  bottom,  and  furnished  with  a  amill  brass  stopcock  fitted  by  a 
cork.  The  stopcock  is  secured  to  the  end  of  I  In:  lung  i  ttbe  by  a  caoutchouc 
connector.  As  (ho  tube  passes  nearly  to  tins  button]  of  the  flask,  the  al- 
cohol gets  thoroughly  mixed  iv i tli  the  acid  lii[i.ild,  ill':  hydrostatic  pressure 
of  the  fluid  column  being  sufficient,  to  insure  the.  regularity  of  lbs  flow;  the 
quantity  is  easily  adjusted  ]>y  the  aid  of  i.ho  stopcock,  for  condensation 
a  I.iehig's  condense r  iiiuy  bo  used,  supplied  with  ie.e-wnt.ei-.  The  arrange- 
ment is  -/own  in  figure  lfll. 

The  intensity  of  the  heat,  and  the  supply  of  alcohol,  must  be  so  adjusted 
that  the  thermometer  may  remain  at.  140"  G.  (284°  t'.),  or  as  near  that  tem- 
perature as  possible,  while  the  contents  of  ihe  flask  are  maintained  in  a  state 
of  rapid  and  violent  eViiUilioii  —  a  point  of  essentia]  importance.  Ether  and 
water  distil  over  together,  anil  eolleei  in  the  receiver,  forming  two  distinct 
strata:  the  mixture  slowly  blacken,-,  from  -mine  slight-  secondary  action  of 
the  acid  upon  the  spirit,  or  upon  the  impurities  in  the  latter,  but  retains, 
after  many  hours'  ebullition,  its  o.thcrifying  powers  tin  impaired.  The  acid, 
however,  slowly  volatilize-,  partly  in  tin:  slate  of  i,i!  "J  n-hie,  and  the  quantity 
of  liquid  in  the  flask  is  found,  after  the  lapse  of  a  considerable  interval, 
sensibly  diminished.  The  loss  of  acid  constitutes  the  only  limit  to  the 
duration  of  the  process,  which  might  otherwise  be  continued  indefinitely. 

On  the  large  scale,  the  flask  may  be  replaced  by  a  vessel  of  lead,  the 
lubes  being  also  of  the  same  mei.nl :  the  stem  of  Hie  thermometer  may  be 
made  to  pass  air-tight  through  the  cover,  a  ml  heal  may  perhaps  be  advan- 
tageously applied  by  high-pressure  steam,  or  hot  oil,  circulating  in  a  spiral 
tube  of  metal  immersed  in  the  mixture  of  acid  and  spirit. 

The  crude  ether  is  to  be  separated  from  Ihe  water  on  which  it  floats, 
agitated  «  iih  a  little  solution  of  caustic  potash,  mid  rc-di  stilled  by  the  heat 
of  warm  water.  The  aqueous  portion,  treated  with  an  alkaline  solution, 
and  distilled,  yields  alcohol  conlainiug  a  ft  trie  ether.  Sometimes  the  spon- 
taneous separation  l.iei'uve  mentioned  does  not  occur,  from  the  accidental 
presonce  of  a  larger  quantity  than  usual  of  tiudecoiu posed  alcohol;  the 
addition  of  a  little  water,  however,  always  suffices,  to  determine  it. 

Pure  ethylio  ether  is  a  colorless,  transparent,  I'vu grant  liquid,  very  thin 
and  mobile.  Its  sp.  gr.  at  loop  is  about  0-7:20;  it  boils  at  35-6°  C.  (9o°F.) 
under  the  pressure  of  t.he  nlinospliei-c,  and  boars  without  freezing  the 
severest  cold.  When  dropped  on  the  ho.nd  if  occasions,  a  sharp  sensation 
of  Cold,  from  its  rapid  vohu ligation.  Klhor  is  very  combustible,  and  burns 
with  a  white  flame,  generating  water  and  carbon  dioxide.  Although  the 
substance  itself  is  one  of  t.he.  lightest  of  liquid*,  its  vapor  is  very  heavy, 
having  a  density  of  '1  ySii  (referred  Io  air).  Mixed  ivil.li  oxygen  gas,  and 
fired  by  the  electric  spark,  or  ot.borv.-ise,  it.  explodes  with  the  utmost  vio- 
lence. Preserved  in  tin  imperfectly  stopped  vessel,  ether  absorbs  oxygen, 
and  becomes  acid  from  the  production  of  a.eeiic  acid:  this  attraction  for 
oxygen  is  increased  by  elevation  of  tempera-lure.  It  is  decomposed  by 
transmission  through  n  red-hot  tube  into  et-Hcno,  methane,  aldehyde,  and 
cthine,  and  two  substances  yet  to  be  described. 

Ether  is  miscible  with  alcoholina.il  proportions,  but  not  with  water;  it 
dissolves  to  a  small  extent  in  thai  liquid,  1(1  parts  of  water  taking  up  about 
1  part  of  ether.  It  ma.y  be  separated  from  alcohol,  provided  the  quantity 
of  the  latter  is  not  excessive,  by  addition  of  water,  and  in  this  manner 
samples  of  commercial  oilier  may  bo  conveniently  examined.  Ether  dis- 
solves oily  and  fatty  substances  general  I; ; .  ami  phosphorus  to  a  small  extent, 
also  a  few  saline  compounds  and  some  organic  principles;  but  Its  powers 
iu  this  respect  are  much  more  limited  than  ibose  of  alcohol  or  water. 

Anhydrous  ether,  subicetod  to  t.he  notion  of  chlorine,  yields  the  three  sub- 
stitution-products r'vm'y),  <!,h6<:ia  anJ  <-V'i«A  <■"«  *>■**■  tu,°  a?  whioa 

are  liquids,  while  the  tliird,  produced  by  the   prolonged   action  of  chlorine 

on.  ether  in  sunshine,  is  a  crystalline  solid.      The  second  chlorine  compound 
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is  converted  by  hydrogen  sulphide  into  ibe.  two  cryslallinc  compounds 
C<H,Cl,SO  and  Cb,II6S,0. 

Klh.ilt.-mahyl  or.ide,  l-llhitl-m.nthiil  rOicr,  F.t.bil  mrtinililf,  or  Methyl  ethylate, 
CjHB0  =  (jjU6OClla.  is  produced,  as  already  mentioned,  by  the  action  of 
methyl  iodide  on  potassium  cthyla.ie,  or  of  elbyl  iodide  on  potassium  me- 
thy  late.      It  is  a  very  injlatuiiiable   liquid,  boiling  al  ]  1°  0.  (52°  P.). 

Ethyl  Nitrate,  C2l-fsM)3,  or  C2H6ONOj.— .Vi.'Wr;  ,':Meiv  -  When  nitric  acid  is 
heated  with  alcohol  alone,  part,  of  ihc  alcohol  is  oxidized,  and  the  nitric 
acid  is  reduced  to  nitrons  acid,  which,  wit.li  tlie  remainder  of  the  alcohol, 
forms  ethyl  nitrite,  (.'i;fl._\i  >,.  together  with  oilier  products;  but  by  adding 
urea  to  the  liquid,  which  decomposes  I  he  nitrous  acid  sis  fast  as  it  is  formed, 
this  action  may  bo  prevented,  and  the  alcohol  ami  nitric  acid  then  form 
ethyl  nitrate.  The  experiment  is  most  ssifoly  conducted  on  a  small  scale, 
and  the  distillation  must  be  so  omul  when  seven-eight  lis  of  the  whole  have 
passed  over;  a  little  water  added  to  the  divided  product  separates  the 
nitric  ether.  Nit j-iii  oilier  bus  si  donsily  of  UJ2;  it  is  insoluble  in  water, 
has  an.  agreeable  sweet  taste  and  odor,  and  is  not  decomposed  by  an  aqueous 
solution  of  caustic  polash.  allln>i:;:h  lion.  substance  dissolved  in  alcohol 
attacks  it  even  in  the  cold,  with  prodtidion  of  potassium  nitrate.  Its 
vapor  is  apt  to  explode  when  strongly  heated. 

Ethyl  Nitrite,  C,Hs0NO. — .ra-«a  ether, — I'ure  nilrous  ether  can  only 
be  obtained  by  the  direct  action  of  the  acid  itself  upon  aleobol.  1  part  of 
starch  and  111  parts  of  nitric  acid  are  gently  healed  in  a  capacious  retort 
or  flask,  and  the  vapor  of  nit.vic  acid  thereby  evolved  is  conducted  into 
alcohol  mixed  with  half  its  weight-  of  water,  contained  in  a  two-necked 
bottle,  which  is  lo  lie  plunged  into  cold  v.-ater  aud  connected  with  a  good 
condensing  arrangement.  All  elevation  of  temperature  must  be  carefully 
avoided.  The  product  of  ibis  operation  is  a  pale-yeihnv  volatile  liquid, 
having  an  exceedingly  agreeable  odor  el'  apples:  ii  Icils  at  I  (1-4°  C.  (01°  F.), 
and  has  a  density  of  U-917.  It  is  decomposed  by  potash,  without  darkening, 
into  poiassiuni  nitrite  and  alcohol. 

Nitrous  ether,  but  contaminated  ivii  li  aldehyde,  may  be  prepared  by  the 
folio  wing  si  tn  pie  method,  luio  si  tall  cylindrical  boi.tle  or  j  sir  are  to  be  in- 
troduced successively  1)  parts  of  alcohol  of  sp.  gr.  0-830,  <1  parts  of  water, 
and  8  parts  of  strong  fuming  nitric  acid;  the  two  latter  arc  added  by 
means  of  a  long  funnel  with  a  very  narrow  orifice,  reaching  to  the  bottom 
of  the  bottle,  so  that  the  contents  may  form  three  distinct  strata,  which 
slowly  mix  from  the  solution  of  the  liquids  in  each  other.  The  bottle  is 
then  loosely  stopped,  and  left  (wo  or  three  days  in  a  cool  place,  after  which 
it  is  found  to  contain  iwo  layers  of  liquid,  of  which  rhe  uppermost  is  nitrous 
ether.  It  is  purllied  by  rectification.  A  some  what  similar  product  maybe 
obtained  by  careful lj  distilling  a  mixture  of  'i  parts  rectified  spirit  and  % 
of  nitric  acid  of  1-28  sp.  gr. :  the  fire  must  bo  withdrawn  as  soon  as  the 
liquid  boils. 

The  meed  spirit*  iifni're.  of  pharmacy,  prepared  iiy  di-uilling  three  pounds 
of  alcohol  with  four  ounces  of  nitric  aeid,  is  n  solution  of  nitrous  ether, 
aldehyde,  and  perhaps  oilier  substances,  in  spirits  of  wine. 

Ethyl  Sulphates.— There  are  two  of  these  ethers,  corresponding  to  the 
iiioi  liv  ■  sulphates. 

Aeid  Ethyl  nutjih':'.'-,  /■itli/.'sul/ihiirie.  •:■■:•}  or  S-itpho-hne  aeid,  f',:lTbfi04-— 
C,H.OSO,H=SOllitH!.,Illi':!0,ll:.ir.^OJ:i:i!lli.;i!l,  which,  has  the  composition  of 
sulphuric  acid,  S01l-l„,"wit.h  half' the  hydrogen  replaced  by  ethyl,  is 
formed  by  the  action  of  sulphuric  aeid  upon  alcohol.  To  prepare  it,  strong 
rectified  spirit  of  wine  is  mixed  with  twice  its  weight  of  concentrated  sul- 
phuric acid;  the  mi/lure  is  heated  to  its  hoiliug  point,  and  then  left  to  cool. 
When  Cold,  it  is   diluted  wilh   a  largo   quantity  of  water,  and  neutralized 
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with  chalk,  whereby  much  calcium  sulphaio  is  produced.  The  moss  is 
placed  upon  a  cloth  lib  or,  drained,  and  pressed;  and  the  clear  solution  is 
evaporated  to  a  small  bulk  by  t.lie  heat  of  a  walcr-bath,  filtered  from  a 
little  sulphate,  ami  left,  io  crystalline:  (.lie  product  is  calcium  ei.hylxittpii.atc, 
in  beautiful,  colorless,  transparent  crystals,  containing  (SO^WtyTjJjCa". 
20H2.  They  dissolve  in  an  equal  weight  of  cold  ivater,  and  effloresce  in  a 
dry  atmosphere. 

Barium  ethyl-sulphate.  {HO^JCM^a"  .  tiOIT,,  equally  soluble,  and  still 
more  beautiful,  may  be  'produced  by  subsliluiing,  in  the  above  process, 
barium  carbonate  for  chalk  :  from  this  sub-lance  flic  acid  may  be  procured 
by  exactly  precipitating  the  base  with  dilute  sulphuric  acid,  and  evaporat- 
ing the  filtered  solution  in  a  vacuum  at  the  temperature  of  the  air.  It 
forms  a  sour,  syrupy  liquid,  in  which  sulphuric  acid  cannot  be  recognized 
by  [lie  ordinary  reagents,  ntul  is  very  easily  decomposed  by  heat,  and  even 
by  long  exposure  in  I. ho  vacuum  of  (.lie  air-pump.  Ali  tlio  el  liylsulphatos 
are  soluble;  the  solutions  are  decomposed  by  ebullition.  The  lead-salt  re- 
sembles the  barium-compound.  The  potassium  ml!,  S()4(CjH6)K — easily 
made  by  decomposing  calcinm  ethyisiilpbaie  with  potassium  carbonate — is 
anhydrous,  permanent  in  flic  air,  very  soluble,  and  crystallizes  well. 

Potassium  ethyl  sal  pi:  ale  d  is  Idled  v.  iiti  concentrated  sulphuric  acid,  gives 
ether;  with  dilute  sulphuric  acid,  alcohol:  ami  with  strong  acetic  acid, 
acetic  ether.  The  ethyl  snip hales  heal  ed  iiit.li  calcium  or  barium  hydrate, 
yield  a  sulphate  of  the  base  and  alcohol. 

I  selhionie  arid,  tyJ^O.,,  an  acid  isomeric  u-iib  olhylsulphuric  acid,  is  ob- 
tained, as  already  uVcrved,  by  boiling  cthiotiio  acid  (p.  518)  with  water; 
also  by  the  prolonged  action  of  si  eon;;  sulphuric  acid  or  sulphuric  oxide  on 
alcohol  or  ether,  and  is  found  among  the  residues  of  (be  preparation  of 
other.  It  is  a  viscid,  si  rougly  acid  liipiid,  which  decomposes  acetates  and 
common  salt,  bears  without  decomposition  a  heat  of  !o(J°  C.  (302°  F.),  but 
blackens  at.  a  higher  temperature. 

The  metallic  isfthiora-,.'.  are  soluble  and  orystnllizablo,  and  are  distin- 
guished from  the  el  liylsulphales,  with  which  (bey  are  isomeric,  by  their 
much  greater  stability,  most  of  I  hem  sustaining,  without  alteration,  a  tem- 
perature of  200°  C.  (302°  FA 

Potassium,  isethioiiaie,  (.'  .!I,Km.'\,  disfilled  -villi  phosphorus  penfachlo- 
ride,  yields  iscthuiuic.  chl-irii'tc,'  tyi^O.,01^;  and  ibis  compound,  heated  in 
sealed  tubes  with  an-m-mia,  is  converted  into  iiiurin,  a  neutral  crystalluable 
substance  '.ike wise  obtained  from  bile: 

C.H-SO.C1,    +    HH,    4-     OH,    =    2HC1     -4-     C,H,NS(L. 
Isetliionie  Taurhi. 

chloride. 

Taurin,  trealed  with  nitrons  acid,  is  reconvened  into  isethionic  acid. 

Neutral  Ethyl-  .-ruliihaie,  ^O^CJlj,!  or  ,SO,i'(Jiyi5),,  is  formed  by  passing 
the  vapor  of  sulphuric  o\ide  into  perfecliy  a.uhydVous  ether.  A  syrupy 
liquid  is  produced,  which,  when  shaken  with  i  vols,  of  water  and  1  vol.  of 
ether,  separates  into  two  layers,  the  lower  containing  ethylsulphiirie  acid 
aud  various  other  compounds,  while  the  upper  layer  consists  of  an  ethereal 
solution  of  neutral  el  hyl  sulphate.  At  a  gentle  heal  'be  el  her  is  volatilized, 
and  the  ethyl  sill  pi  i  tit  e  remains  as  a  colorless  liquid.  It  cannot  be  distilled 
without  decomposition. 

Ethyl  Sulphites.— The  acid  sulphite,  or  Eihilsvlphurous  acid,  SOa(CjH6)H, 
is  produced  by  the  action  of  nitric  acid  on  ethyl  sulphbydrato  or  sulpho- 
eyanate.  When  concentrated  by  evaporation  it  is  a  heavy  oil  of  specific 
gravity  1*30.  It  is  a  monobasic  acid,  ['oruiiii-j;  crystal  livable  salts,  which 
decompose  when  heated,  giving  off  sulphurous  oxide. — Neutral  Ethijl  sul- 
phite, SO3^C2H0)a,  is  u'a i ained  by  auuina;  til :■ -chute  alcohol  iti  es-Cess  to  chlorine 
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bisulphide  (p.  203}.  Hydrochloric  acid  is  evolved,  and  sulphur  deposited, 
while  the  ethyl  sulphite  distils  as  si  limpid  strongly-smelling  liquid,  of  sp. 
gr,   1-085,  boiling  iLl.  170°;   it  is  slowly  decomposed  by  water. 

Ethyl  Phosphates. — Throe  ethyl  otthophosphak'S  have  been  obtained, 
two  acid  and  uno  neutral,  analogous  iti  composition  to  the  sodium  phos- 
phates:   also  a  neutral  pyrophosphate. 

Monalhylie  phmpi-tt--..  or  Eihijlph^plwrit  ii'iid,  V<)i;i:ins)'Kv  or  (PO)'" 
(OCjHE)(OH),,  also  i:ilI  ic.   Its  barium 

Bait  ia  prepared  by  heating  lo  b'l"  C.  {ISO"  !:'.)  a  mixture  of  equal  weights  of 
strong  alcohol  and  syrupy  phosphoric  aeid,  diluting  '.his  mixture,  after  the 
lapse  of  24  hours,  with  water,  and  neutralizing  with  barium  carbonate. 
The  solution  of  cthylpbospliai  o.  separated  by  filtration  from  the  insoluble 
phosphate,  is  evaporated  ii.t.  :i  moderalc  temperature.  The  sitlt  crystallizes 
in  brilliant  hexagonal  plates,  which  have  a  pearly  Initio,  and  are  more 
soluble  in  cold  than  in  hot  water  ;  it.  dissolves  in  15  pans  of  water  at  20° 
C.  (68°  F.).  The  crystals  contain  J>0,;C.,Hs;lSa" .  GOH,;.  From  this  salt 
the  acid  may  be  obtained  by  pi'oi;ipitatitig  the  barium  with  dilute  sulphuric 
acid,  and  eva.porsi.nng  the  filtered  liquid  in  the  vacuum  of  the  air-pump ;  it 
forms  a  colorless,  syrupy  liquid,  of  intensely  sour  i  a  sic,  sometimes  exhibit- 
ing  appearances  of  crystallization.  It  is  Tory  soluble  in  water,  alcohol, 
and  ether,  and  easily  decomposed  by  heat  when  In  a  concentrated  state. 
The  ct triphosphates  of  calcium,  silver,  and  lead  possess  but  little  solubil- 
ity; those  of  the  alkali-metals,  magnesium,  and  strontium,  are  IVeely 
soluble. 

JXetkylic  phosphate,  or  iM-tiulphosp.'mrk  nad,  rti,,;'('?Il5)sH,  or  (PO)'" 
(02C2HB;2(OH),  is  a  monobasic  acid,  obtained,  together  with  the  preceding, 
by  the  action  of  syrupy  phosphoric  eh; id  upon  aleohol.  Its  barium,  siller, 
and  lead-salts  are"  more  soluble  than  the  mot.bvlpliospliaies.  The  calcium 
Salt,  (P04),(CaHs)4(::i",  and  the  lead-salt.  iro;;,i<:.,ll,i,rb",  are  anhydrous. 

TtUihii'cplwpUnic,  r04i('.dl:i!j.  or  i:LW-'iUCJIs;,3,  is  obtained  in  small 
quantity  by  heating  (he  lead-saii  of  liiolhylphospltoric  aeid  to  1(10°,  more 
easily  by  the  action  of  ethyl-iodide  on  t  i-i;i.i  yoiitic  phosphate,  or  of  phos- 
phorus o.iychloi-iilo  on  sodium  othylate: 

3CaII5ONa     +     (P0)"'C1,    =     SNaCI    +     fP0)'"(OCiHa}3, 
It.  is  a  limpid  liquid  of  sp.  gr.  1  '072  at  12°  C.  (64°  P.),  boiling  at  216°  C. 
(129°  IT.},  soluble  in  alcohol  and  ether,  and  silso  -in  water,  by  which  how. 
ever  it,  is  slowly  decomposed. 

Tetrethylic  ryroph^p.h-.itr,  P.O.:' (''...IT,),,  produced  by  the  action  of  ethyl 
iodide  on  argentic  pyrophosphate,  is  a  viscid  liquid  of  sp.  gr.  1-172  at  17" 
C.  (G3°  P.),  decomposed  by  polash,  with  formation  of  potassium  diethyl- 
phosphatc. 

Ethyl  Borates.  — Three  of  these  ethers  are  known,  viz. : 
Triethylic  borate  .         (C,H,).BO„ 

Monethylic  borate  .  C2H.liOa, 

Etbylic  anliydvobovate,    |  9(,  H  Bq     B  q 
or  biborate       .  (      a    (      a  ■    i  »• 

Trktkylk  borate  is  formed  by  the  action  of  boron  trichloride  on  alcohol : 
SCaHs(OH)     +    BC13    =    3HC1     +     (C2H6}3E03. 

It  is  a  thin  limpid  liquid,  of  agreeable  odor,  sp.  gr.  0-885,  boiling  at 
119°  C.  (24(1°  !■'.},  decomposed  by  water,  Its  alcoholic  solution  burns  with 
si  line  green  name,  throwing  ott  a  thick  sruoko  of  boric  aeid. 

Monethylic  borate,  C,(lsLSO.„  is  formed,  with  separation  of  boric  acid,  by 
the  action  of  alcohol  oti  the  on  hydroborate : 

2CsH?EO!.li.J03    +     C?Ha(0H)     =    HBOa    +     30,11^0,. 
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It  is  a  colorless,  mobile  liquiJ,  rebuild  i:i;i  triothvlic  borate.  The  anhy- 
droboraie,  2CSHS150,.  lt.,03.  is  formed  by  tin.  a.olion  of  boric  oxide  on  an 
equal  weight  of  anhydrous  jilcohnl.  and  ttuiv  bi;  obi.niued  by  concentration, 
in  the  form  of  a  viscid  liquid,  which  solidities  .it  SOO"  C.  (572°  F.),  giving 
off  alcohol  vapor  and  ethene  gas,  and  leaving  boric  oiide. 

Ethyl  Silicates.  —  Tetmthylic  sUiea.le,  :y...\l^filOv  or  Si"(OC,TT6),.  is  pro- 
duced by  treating  silicic  chloride  with   a  small   quant.ily  of  anhydrous  al- 

4C2U6OH     +     SIC],    «=    4HG1    +     Si{OCsHs),. 

It  is  a  colorless  liquid,  1m \  ing  :l  mi  h  it  iiieiisaui-  etlioreat  odor,  and  strong 
peppery  taste;  sp.  gr.  0-ii'JS  nt.  B(l°.  it  bails  without  decomposition  be- 
tween 166°  and  llilP  C.  [■■iyr---m°  !''.;,  a.ud  when  set  on  fire  burns  with  a 
dauling  flame,  diffusing  a  white  smoke  of  finely  divided  silica.  It  is  de- 
composed slowly  by  witter,  quickl.v  bv  amnion i:s  :tnd  the  fixed  alkalies. 

DiethyUc  silicate.  i(".,ir,,':..SiU;i:  or  ;  s.lU  )■'■'.;  ni '2 1  J-).,,  is  produced,  according 
to  Ebclincn,*  by  tlic  Jul  iul'i  of'  silicic  clia.ri'.le  on  ;u;aeous  alcohol: 

2CaH6OH    +    Oil,    +    SiCl,    =    4HC1    +    (SiO)(OCjHs)s. 
It  ia  acolorleas  liquid,  of  sp.  gr.  1  079,  Wiling  al  850°  C  (862°  P.),  decomposed 
by  water,  with  separation  of  silica.      On  distilling  it  with  a  small  quantity  of 
aqueous  alcohol,  a  liquid    remains  in  die  retort,  consisting  of  diethylic  di- 
silicate.  (C„I]j,Hi,0,,  or  ;f;.,l[,i.,SiOs  .  SiO,. 

Ilexethylie  /iiiilir,,.',,,  ( C..L  U,V SL  .O.,'  or  fifty  t^KiO., .  L'SiO,. —  Friedel  and 
Crafts*were  not  able  i.o  obtain  the  two  othyiie  silicates  "last  mentioned; 
but  having  prepared  a  considerable  quantity  of  tetrethylic  silicate  with  al- 
cohol that  was  not  quite  anhydrous,  t.iiey  fouinl  ihat  the  greater  part  of  the 
product  distilled  over  fowitni  li-iW,  and  ihat.  it.  was  not  possible,  by  dist.il- 
:.!iin]i  under  tae  ordinary  atiuiisphcric  pressure,  to  oltiain  a  product-  of 
definite  boiling  point  fiy  distillation  in  a  vacuum,  however  (under  a  pres- 
sure of  3  to  5  millimetres!,  (hcv  obtained,  afle.r  eigiil  fractionations,  a  pro- 
duct boiling  between  l&v'  and  IHH"  ('.  (W-ZiW  [■'.),  and  having  the  com- 
position of  hcxethi/lic  disulfide.  Tins  ether  is  a  slightly  oily  liquid,  having 
a  rather  fragrant,  odor,  like  that  of  l.oirei  hviie  si  lie  a  If,  and  a  specific  grav- 
ity of  i  -mm  at  o°. 

Silicic  ethers  containing  ethyl  and  methyl,  and  ethyl  and  amyl,  have 
likewise  beon  obtained. 


Ethyl  Sutph-hy urate,  or  Mereaptan,  OaHsSH.  —  This  compound,  the  sul- 
phur analogue  of  ethyl  alcohol,  is  iifodueed  analogously  to  methyl 
sulph- hydrate  (p.  fllfi),  by  the  action  of  potassium  sulph-bydrate  on  cal- 
cium ethylsulphatc.  A  solution  of  causlic  potasli  of  sp.  gr.  1'2S  or  1-8,  ia 
saturated  with  sulphuretted  hydrogen,  and  mixed  in  a  retort  with  an  equal 
volume  of  solution  of  calcium  ei  liylsulplialc  of  the  same  density.  There- 
tort  is  connected  with  a  good  condenser,  and  beat,  is  applied  by  means  of  a 
bath  of  salt  and  water.  Mereaptan  and  water  distil  over  togetlier,  and 
are  easily  separated  by  a  tap-funnel.  The  product  thus  obtained  is  a 
colorless,  limpid  liquid,  of  sp.  gr.  Q-H-\%  but  slighllv  soluble  in  water,  easily 
misoible,  on  the  contrary,  with  alcohol.  It  boils  at  3(3°  C.  (96°  F.).  The 
vapor  of  mereaptan  has  a  tuns;  iti;uh>ri',hle  o.-ler  of  onions,  which  adheres 
to  the  clothes  and  person  with  great  obstinacy  :  it  is  very  in  ha  mm  able,  and 
burns  with  a  blue  flame. 

When  mereaptan  is  brought  into   contact  with  mercuric  oside,  even  in 
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the  cold,  yiolent  reaction  ensues,  wa-er  is  formed,  and  :i  white  substance  is 
produced,  soluble  in  uleohoL  ana  separating  from  t.lia.t.  liquid  in  distinct 
crystals  which  contain  (IUL;./\,Me:''.  This  compound  is  decomposed  by 
sulphuretted  hydr' 'get:.  miTunrii;  sulphide  iieiii£  thrown  down,  and  me.r- 
captan  reproduced,  liy  adding  solutions  of  lead,  copper,  silver,  and  11; ( :■  1 1 1 
to  mi  ilk: oil ..)1  i«  subitum  of  mcreaptaiL.  coiTosuiindinc:  (oitupuunds  erunainine: 
those  metals  are  formed,  Caustic  potash  produces  tic-  effect  upon  mercap- 
tan,  but  potassium  displaces  bydrogen,  and  gives  vise  to  a  crystallizable 
compound,  C.,HB.SK,  so'.ub'.o  in  water.      Soil  L-.u:i  acts  in  a  similar  manner. 

Ethyl  Sulphides.  — Three  of  these  compou 
gous  in  composition  so  i.lu:  methyl  sulphides 
actions.  The  mant,,v lp!,i,h,  (C,H5}S,  or  i:,llsSf:,ll.."is  a  colorless  oily  liquid, 
having  a  very  pungent,  alliaceous  odur.  a  specific  ■jrib vit v  of  0-825  at-  20° C. 
(68°  F.),  and  boiling  at.  12"  0.  ( 1 112'=  l",).  It  is  very  iulla'mniable,  and  burns 
with  a  blue  flame.  When  poured:  into  chlorine  ps.  it.  takes  fire ;  but  when 
dry  chlorine  is  passed  into  a  lla.-k  couiainine-  it,  no!  at  first  into  the  liquid, 
the  vessel  being  kept  cool  and  in  the  shade,  substitution-products  are 
formed  and  hydrochloric  aoid  is  ooniouslv  evolved.  The  product  consists 
ohietly  of  iH::/i/'in:!/lli!k  mij'/iir/r;  \  t'J(4Cl  j,S.  If  the  action  takes  place  in 
di'Vuscd  daylight,  ami  wilhout  external  cooling,  the  compounds  (C.JU  1,1  ,H 
and  .C.UCfjl.jS  are  obtained,  winch  mav  bo  separalou  liv  fraction:,!  distil- 
lation..! ne  lir'st  hobiug  between  IH'.P  icul  1M°  (;.  (:i720-37Hn  F.),  the  second 
between  '1\1°  an.l  iiiii"  0.  i  K\-4\V^  F.}.  The  action  of  chlorine  on  ethyl 
r.ulphide  in  sunshine  vi elds'  a  more  highly  chlorinated  compound,  probaidy 


very  inflammable,  boiling  at  151°  C.  ( 

is  a  heavy  oily  liquid,  obtained   by  acting   in  like   manner   on  potassium 

pentasulpkide. 

TriethyUulphurOus  Compounds,*  — When  ethyl  monosulphidc  and  ethyl 
iodide  are  heated  together,  thev  unite  and  form  suljihtiruus  iodotru-thith, 
(CsH6)jS .  C,H6I,  or  S;""it'JI,')jl.  which  crystallines  in  needles.  The  same 
compound  is  formed  by  the  action  of  oiliyf  iodide  on  ethyl  sulpli -hydrate  : 

2C,H,I        +    ■     C,HSSH        =        HI        +         S(C,Hs)aI, 
or  of  hydrogen  iodide  on  ethvl  monosulphide : 

HI        +        2(C,Hj,),S        =        CSHSSH         +        S(CSHS)3I. 
Sulphurous iodntrietiii do  is  insoluble  in  ether,  slightly  soluble  in  alcohol,  and 
crystallines  from  the  solution  in  while  deliquescent  needie.s  belonging  to  the 
ruonockiiie  system.      Ii   nodes  with  metallic  chlorides. 

Ethyl  chloride  and  ethvl  bromide  unite  in  like  maimer,  but  less  readily, 
with  ethyl  sulphide,  forming  the  compound?  S((yifl)aCl  and  S(CjITs}3Br, 
both  of  which  crystallize  in  needles. 

By  treating  the  iodine  compound  v.dlli  recently  precipitated  silver  oxide, 
a  strongly  alkaline  solution  is  obtained,  which  dries  up  n.  or  nil  of  vitriol 
(0  a  crystalline  ilcliijiiesoenl  mass,  consisting  of  siitph'iruiis  tn,li,»l.-k:idr-rr:i- 
lat-ii,  (Cjll.5jS:0if).  The  solution  of  this  subst.nnce  dissolves  the  skin  like 
enustic'po'tnsh,  attt.l  forms  similar  precipitates  with  various  imjlaliic  salts. 
It  tiouttotii/i'-i  acids,  iorniiiisr  ilidiuite  orcstallizubie  sails,  i.ij.,  tec  niiruti; 
{C,H,),SONO,.  the  ant,,t,>.  ((.:;Ms}!1S(C)n„H>0),  &0. 

He  formula!  of  these  compounds  show  that  sulphur  is  at  least  quadri- 
valent (p.  237). 


*  A.  r™  Otjfi'c-.   Hiiii.  S.m.  Journal,  xvii.  103.     Ca.hw.rt,  Ann.  Ch.  Phari 
CStlKTi.  151.     V'An.  A. .11.  LUi.  tillaria,  Sjiinpl.  it.  SB.    ■ 


3y  Google 


PROPYL  ALCOHOLS  A 


Kormal  Propyl  alcohol        C-J  H2 


Ah. 

cup  I 


H3C  CH3 
Isopropyl  alcohol  C  J  u"s        or  \/ 

each  of  which  may  give  rise  to  a  cum1- ponding  set  of  ethers  and  othor 
derivatives.  The  normal  [ i ?  r j [ . \ !.  coi-poonds,  limy-over,  .ire  hut.  little  known, 
none  of  them  having  yet  been  i :■  i  ■,- 1 ■  ^ l i- 1 ■  ■  ]  syiilhcuciilly,  e  sec  pi  pro]  ■■yhnuNie 
uuil  propyl  cyanide,  10  be  afterwards  considered.  Chancel,  in  1  So;!,  by 
subjecting  r.lic  fusel-oil  of  niiiru  brandy,  prepared  in  (lie  south  of  France, 
to  fractional  dislillar.iou,  obtained  a  number  of  alcohols,  itinoiiLT  which  was 
one  to  which  he  assigned  t.Ilc  composition  l',llBU ;  Oils  has  usuadv  been 
lvo.avded  :is  normal  propyl  alcohol,  but  ii  was  no!  oiitainod  pure,  and  is 
altogether  very  little  known. 

Isopropyl  Alcohol,  CH(CH,),OH.  —  This  alcohol  is  prepared:  1.  From 
acetone,  (CO)"(Cn:l]i,  by  direct  addition  of  hydrogen,  evolved  by  the 
action  of  water  on  sodium  amalgam: 

H3C  CH3  H,C  CH3 

V  +        Hs        =  v 

CO  HOOH 

Acetone.  Isopropyl 

alcohol. 

This  mode  of  synthesis  affords  diroef  proof  of  the  constitution  of  iso- 
propylie  alcohol,  the  addition  of  the  two  hydrogen  uuntis  being  tantamount 
to  the  replacement  of  the.  bivalent  radical  oxygen  by  the  two  monad  radi- 
cals,  hydrogen  iind  tiydvoiyl. 

2.  Isopropyl  iodide  is  prepared  by  the  action  of  iodine  and  phosphorus 
on  glycerin;  this  iodide  is  easily  converted  into  the-  oxalate  or  aeetate  by 
treatment  with  silver  osala.t.o  or  acetate  ;  and  front  either  of  these  ethers 
the  alcohol  may  bo  obtained  by  distillation  vti I  Ii  potash  or  soda. 

Isopropyl  alcohol  is  a  colorless,  not  very  taebil.:  iiooid.  having  a  peculiar 
Odor,  a  specific  gravity  of  0-7!)  1  at  ]A°  V.'[&.P  I'.;,  boiling  at  83°  to  84°  C, 
(181*-188°F.),  undue  :)  ba  cornel  rie  pressure  of  7:5<t  millimetres,  not  freezing 
at  '20°.  It  does  not  aet  on  polarized  light.  It  is  very  difficult  to  dry,  as  it 
mixes  with  water  in  all  | .roper I  ions,  and  forms  with  it  three  definite  and 
very  stable  hydrates,  viz.,  Sr.,11,,0.  201 1.„  hoiline;  at  Tfa-80°  C.  (172°-176° 
F.);  2C3IIsO.OH,.  boiling  :il  Ml";  ami  :l"(  y  1,0  .  Oil  ^  boiling  at  81°.  The 
second  of  those  hydrate"  exhibits  a  very  close  rescinhbinec  to  ethyl  alcohol, 
and  has  tho  same  percentage  composition,  boils  at.  nearly  the  same  tem- 
perature, and  likewise  yields  acetic  acid  by  oxidation  (see  p.  582) ;  more- 
over it  retains  its  water  of  hydration  so  obstinately,  that,  it  does  not  even 
change  the  white  color  of  anhydrous  cup  rie  suljdiat.c  to  blue..  The  readiest 
mode  of  distinguishing  between  (bis  hydrate  and  ethyl  alcohol  is  to  submit 
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tliem  to  the  action  of  iodine  and  jiiiiisijhuf.is,  whoi-iiby  the  former   is  c 
verted  into  isopropyl  iodide,  (he  hitter  into  ethyl  iodide. 

The  characterise:  property  of  isopre-pjl  aleolioi  is  that,  it  yields  acet 
by  oxidation  with  dilute  elironiio  acid,  this  transformation  being  the  revt 
of  that  by  which  it  is  produced: 

H.C  CH. 

V  +  0        =  ' 

HCOH 

e  breaks  up  into  acetie  acid, 

CO(CHs),    +     04     =     CO(CHa)OH     +     COa     +     0HS 
Acetone.  Acetic  acid. 

The  evolution  of  carbon  dioxide  in  this  reueiiun   all'iin's  a  fni-ilics-  disline- 
tiim  ii^iiv^iiri  kydridied  i-i:|'M:pL',  [  ah'nii'jl  and  oiiivl  alcohol. 

The  formation  of  a  ketone  by  oxidation  is  the  essential  (Ji:Lr.ni  i?i-jh;  it:  of 
a  secondary  alcohol,  unit  is  mi  immediate  coTi.seipienoc  of  its  structure. 
The  primary  alcohols,  C„  ll.„+.,0,  are  direelly  convcvlcd  by  oxidation  into 
aldehydes,  (.!,.  I1,::,U,  ar.U  aeid.-,C„  ILJJj.  not  into  ketones;  thus: 

CH,  CH. 

I  +  0         =         Oil,         +        j 

CHjOH  H— C^O 

Ethyl  alcohol.  Aldehyde. 


IsopROpyr.  Iqdiuk,  OH(01T3)  ,1,  is  most  oouvenieiitly  prepared  by  the  ac- 
tion of  hydriodie  acid,  coiJoenirat.ed  and  in  larger  excess,  on  glycerin 
(propenyl  alcohol)  C3HB0,: 

C,HsO,    +     5HI    =     C3II,I     +     SOH2    +     21,, 

The  iodine,  aa  fast  as  it  is  set  free  by  the  reaction,  may  be  reconverted 
into  hydriodie  acid  by  means  id'  plto.splun-os,  nod  will  t.bon  be  ready  to 
act  upon  another  porlioii  of  glycerin.  It-  limy  also  be  produced  by  the  ac- 
tion of  hydriodie  uoiii  on  ijon.rojiyl  alcohol,  aliyl  iodiiie,  G3II6I,  propene,  or 
prop  en  e  alcohol. 

Isopropyl  iodide  is  an  oil  boiling  at  S'-.P-  MP  C.  ( H'^-Ki-l0  F.),  and  having 
a  apeeifie  gravity  of  1-70.  Willi  .ifi-Uiim-  in  presence  of  other  it  yields  pro- 
pene, propane,  anil  di-isopropyi,  C^!!^.  Bromine  expels  the  iodine  and 
forms  isopropyl  bromide. 


QUARTYL  OR  BUTYL  ALCOHOLS  AND  ETHERS. 

I  in  the  formula 


QUARTYL    OK    BUTYL    ALCOHOLS 


I  LCI  LIL 

V 

COH 


I'l-'jiivl  '-ri-vbi  rjol      J.&i i].:i' -rniyl      II nth j  :->:iliv!      Trimc:hy  I 


chloride,  C4H9('l  (produced  by  the  aci  ion  of  chlorine  or  ivua.rtane  or  diethyl, 
Cj.Hu,),  by  tenting  tlmt.  chloride  with  potassium  acetate  and  strong  acetic 
acid,  whereby  il  is  convefletl  into  quarivl  acetate,  and  treating  thai,  com- 
pound with   barium  hydrate.      The  alcohol   thus   prepared  yields  butyric 

aoid  by  uxidation.* 

fCHfCHj), 

Isopropyl  Carbinol,  C  J  IT,  . — Thiid  varielv  of  primary  butyl-alcohol 

I  OH 


was  found  by  IVurtz  in  the  fusel-oil  obtained  by  fermenting  the 
of  beet-root  sugar.  To  separate  it,  this  nil  is  submitted  to  fractional  distil- 
lation, and  the  liquid  boiling  bctr/eon  1(18"  ami  lit-"  is  repeatedly  rectified 
over  potassium  hydrate,  till  it  boils  constantly  at  110°  C.  (230°  F.). 

Pure  isopropyl  carbinol  is  a  colorless  liquid,  having  ii.u  odor  somewhat 
like  that  of  amvl  ah-ohol.  but  less  pn::^e:ii,  ami  more  vinous:  sp.  gr,  = 
0-8033  at  18-5°  C.  (65°  !•'.).  Tt  dissolves  in  W.  times  its  weight  of  water, 
and  is  separated  therefrom,  as  :ui  oi!,  by  calcium  chloride,  sodium  chloride, 
and  other  soluble  salts.  By  oxidation  it  is  converted  into  butyric  acid, 
C4HB02.  whence  it  appears  to  be  a  primary  alcohol,  formerly  also  this  alco- 
hol iva's  ii  spumed  to  hiive  the  conslil  ution  represent  eil  by  the  first,  of  tint  for- 
mulas above  given;  in  other  words,  to  consist  of  pr(,/>yl-<-'ir*:>'iwl,VA],l(CsU,)Oh  ; 
anil  all  the  other  alcohols  of  tie  series  produced  by  fermentation  were  sup- 
posed to  be  similarly  consfilntetl.  This  assumption,  however,  did  not 
rest  on  very  exact  experimental  dale,;  sun  I  from  recent  experiments  by 
Erlerimeyer,f  it  appears  that  butyl  alcohol  tiroduecd  by  fermentation  con- 
sists of  isopropyl-ai-rtinol,  ill,[L'.tli;Ci-[j;,101I,  or  is  represented  by  the 
second  of  the  formula  above  given  tor  Ibe  primary  fonr-earbon  alcohol. 

Isopropyl-earbinol  is  acted  upon  by  aoitls  and  other  chemical  reagents 
much  in  the  same  manner  as  common  aleohol  (metliyl-carbinol).  With 
strong  sulphuric  at'ul  it.  yields  gisurit/!  s}itj;l,iii-\e  '"■/'/,  !-0,j!(C.4l.i9),  if  the  mix- 
ture is  kept  cool;  but  on  healing  the  liquid  ipuirtem,  or  lulyleiie,  C,H~8  is 
given  off  mixed  with  sulphurous  oxide  ami  carbon  dioxide.  Heated  with 
h/ilrtK-Unric  iu.i'1  in  a  sealed  tube,  or  troalcd  with,  pii'-'jii-nrtii  pert-ta-e-htorhk  or 
oxychloride,  it  is  converted  into  qimrUil  rldoriilv,  ("!4H'9C1,  or  lUilcroqaarttiiu. 
an  ethereal  liquid,  having  a  pungent  odor,  and  boiling  :il  70°  C.  (158°  F.); 
quarlyl  bromide,  C,llBl!r,  obtaine'l  in  like  manner,  boils  at  89°,  the  iodide 
CjH,I,  at  521°  C.  ([250  F.j.  The  iodide  is  decomposed  by  potassium  or 
sodium,  yielding  diqiuifiij!,  or  ilAnlyL  UBiris,  probably: 


alcohols  and  jstheks. 
..-ch, 


,U-U<" 


a  Hmpid  liquid,  lighter  Hi  an  water,  and  foiling  at  106°  C.  (221°  F.).     The 
same  hydrocarbon  in  obtained  hy-  the  oioetrolysis  of  valeric  :iei(i,  C3II1((0j. 

Methyl- ethyl  Carbinol,  or  Seeondary  Bntylio  Alcohol, — C 


The  erythrite,  distilled  witli    fuming  hydrtodic  aeid,  yields  nieihyi-otinyl- 

iodom ethane,  or  secondary  butyl   iodide,  (.'■;r.ll,j.;(  '..[lD';HJ..  mid   this  liquid, 

treated  with  moist  silver  oxide,  is  converted  inm  RictL  vl-etliyl  carbinol: 

C(CH,)(CaH5)nl     -f-     AgOH     =     Agl     +     C(CIIs)(CaIIs)HOII. 

Methyi-oiliyl  iodo-  Silver  Silver  Methyl-ethyl- 

methane.  hydrate.        iodide.  carbinol. 

Methyl-etliyl  carbinol  is  a  colorless  oil;,  liquid,  having  a  strong  odor  and 
burning  taste,  a  specific  gnivilv  of  O-ffi  at  ii:'.  and  boiling  at  05°-98°  C. 
(208°-208°  F.)  (about  Ki-'l.1.  {IP  F.j  lower  I  Imn  the  primary  alcohol).  When 
heated  to  2aO°  C.  (182°  F.),  it  is  for  tlic  ino.st  pari  resolved  into  water  and 
quartene  or  butylene;  C4HwO  =  OH,  +  C4Ba. 

Methyl-ethyl  Todomtlhari.:.  or  Siroin/ani  Ijul.'.ii  i.orliih,  prepared  as  above,  or 
by  the  action  of  strong  hvdriodie  uciil  on  the  nlooiio].  is  a  liquid  bavin;;  a 
pleasant  ethereal  odor,  a  spot-ilk  gravity  of  I  ■K!,2  :il  (J°,  1  diOO  at  20°  C. 
(68°F.)andl-u84al  M3  <!.  (*il=F.).  li  boils  nf  ll.v'  C.  clW  F.).  ISromino 
decomposes  it,  expelling  the  iodine  and  forming  quartene  dibromide 
04II,Clj.  "When  distilled  with  alcoholic  potash  it  gives  oil'  quartene.  This 
tendency  t.o  give  off  the  corresponding  oleline   is  characteristic 

secondary  alcohols  and  ethers,  as  will  be  further  noticed  ir 

the  five-carbon  compounds. 

Trimethyl  Carbinol  or  Tertiary  Butyl  Alcohol,  C  {  QH  "\  is  produced  by 

treating  line  mothido   with    eurhonyl   chloride    (phosgene    gas)    or  acetyl 

chloride,  and  submitting  the  print  net  to  the  action  of  water.* 

2C0C1,    +     Zn(CH,)s    =    ZnCl^    +    2C0CIIEC1 

Carbonyl  Zinc  Zinc.  Acetyl 

chloride.  metliide.  chloride.  chloride. 

COCHjCl     +     ^(CHj),    =    ZnO       +     c{^,H^ 
Acetyl  Zinc  Zinc.  Trimethyl 

chloride.  methide.  oxide.  cliloromel  banc. 

0{t™.).    +     HOH  =    HOI        +    0{(«J). 

Trimethyl-  Water.  Trimethyl 

chloro  methane.  carbinol. 

When  acetyl  chloride  is  used,  the  formation,  of  trltiiothyl-ehloi'omellia.ne 
takes  place  by  a  very  simple  reaction,      in  the  case  of  carbonyl  chloride  il 
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takea  place  by  two  stages,  the  first-  n:'  which  is  the  production  of  acetyl 
chloride.      Ihe  other  lertiary  alcohols,  to  be  noticed  hereafter,  are  obtained 

The  properties  of  this,  ami  of  the  other  ternary  alcohols,  havo  not  been 
much  studied.  They  are  disUn^uisbed  from  the  primary  and  secondary 
alcohols  by  the  prod  nets  which  they  yield  with  oxiumr,;:  agents.  Primary 
alcohols  of  the  series  (J,.  FT,.ll+,0,  oxidizing  with  chromic  acid,  yield,  as  already 
observed,  the  corres|uimlii;;;  ;ichh,  (l„  Ii-.;.0,:  secondary  alcohols,  the  corre- 
sponding ketones.  Tertiary  alcohols,  on  the  oilier  hand,  are  split  up  by 
oxidation,  yielding  busies  oiiit'iiiiitisr  n.  smuUer  number  of  carbon-atoms : 
thus,  frimethyl  carbinol  is  converted  by  oxi'ii/.in^  agents  into  formic  and 
propionic  aeids: 

CtH,0O     +     O,    =    CHaO?    -f      C3Bf>2     +    OH, 
Trimethyt  Formio  Propionic 

carbinol.  acid.  aoid. 


QUINIYL  OR  A 

Tlie  formula  CSHI00  may  include 

three  secondary,  and  one  tertiary,  v. 

fCI-LCIU'il.CdL 


Primary 


H 
H 
.OH 
Butyl  carhinol. 

011,011X1(3 
CH, 


Methyl- propyl       Met 


Isobutyl  oarbinol.* 
CIIfCIT,),  fCH5GH3 

CH,  „.    „ J  CHJJH. 

OH  [OH 

tyl-isopropyl  Diethyl 

carbinol.  carbinoL 


rCHjCH, 

Tertiary        C  i  qII3  Dimethyl-ethyl  carbinol. 

l_OH8 

Of  these,  however,  only  1  wo  have  been  dhl.in gashed  with  certainty,  viz., 

a  primary  alcohol,  produced  by  fcrmoiLUiliou.  and  a  secimdury  alcohol  ob- 
tained from  the  correspond;!!;;  e'.c.tme.  namely,  nuiutene-  or  ainylene. 

Isobntyl  Carbinol,  CH.,(C,H9)OH.  —  This,  according  lo  ilrleumeyer,  is  the 
ordinary  amy!  alcohol  produced  by  feimenta.t.inn.  In  the  manufacture  of 
brandy  from  corn,  potatoes,  or   the  must  of  gvupes.  ihe   ethyl  alcohol  is 

found  to  he  accompanied  by  an  ucrid  oily  lioaid  called  fusel-oil,  which  is 
very  difficult,  to  separate  completely  from  the  ethyl  alcohol.  It  passes  over, 
however,  in  curi-nic ruble  qnuntily  towards  tiie  osid  of  ihe  distillation,  and 
may  be  collected  apart,  washed  jty  agitation  with  several  successive  por- 
tions of  water  to  free  ii.  from  ethyl  nlonhn!,  and  re-distilled.  The  liquid 
thus  obtained  consists  ehietly  of  auiyl  alcohol,  sometimes  raised  with  pro- 
pylic,  hufylic.  and  other  alcohols.  The  amy!  alcohol  maybe  obtained  pure  by 
fractional  distil!  nl  ion.  Ihe  purl  ion  which  passes  over  between  128°  and  132° 
C.(262°-270°F.)  being  collected  apart.  I'oi :,  1 0  fusel-oil  consists  almost  wholly 
of  ethyl  and  amyl  alcohols,  the  latter  coustii.ut.ing  (he  greater  quantity. 
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Amyl  alcohol  is  an  oily,  colorless,  j  11  ■: j  1  ■  i I o  liquid,  1: living  an  odor  peculiar 
to  itself,  and  a  burning  acrid  taste.  Its  vapor  when  inhaled  produces 
coughing  and  oppression  ol'  Hie  chest..  Its  specific  gravity  is  0-8111.  When 
dropped  on  paper  it  forms  a  greasy  -lain,  which,  however,  disappears  after 
a.  while.  It  is  not  pe;-ecpiiblv  -midile  in  wj!it.  In. [  floats  un  the  surface 
of  that  liquid  like  an  oil;  common  alcohol,  ether,  and  various  essential 
oils  dissolve  it  readily. 

Amyl  alcohol  usually  e\-ert.s  a  rotatory  action  on  polarized  light,  but  the 
rotatory  power  varies  considerably  in  different  samples.  Pasteur,  indeed, 
has  shown  that  ordinary  att:yi  uloohol  is  a  mixture  of  two  isomeric  alcohols, 
Laving  the  same  vapor-density,  but  differing  in  their  optical  properties, 
one  of  them  turning  the  phtne  of  polarization  to  the  right,  whereas  the 
other  is  optically  inactive.  They  are  separated  by  converting  the  crude 
amyl  alcohol  into  aniylsul|ihurie  acid,  saturating  with  barium  carbonate, 
and  crystallizing  the  barium  muyl  sulphate  thus  formed.  The  salt  obtained 
from  the  active  amyl  alcohol  is  -1\  more  soluble  than  that  obtained  from 
the  inactive  alcohol,  and  consequently  the  latter  crystal! iies  out  first;  and 
by  precipitating  the,  barium  from  (lie  solution  of  either  salt  with  sulphuric 
acid,  and  distilling  tin;  a.ieylsulphurie  acid  thus  separated  with  water,  the 
corresponding  amy!  ulcobii!  is  obtained.  'J' In-  di Hero  nee  oi"  optical  character 
ietween  the  two  alcohols —  which  is  traceable  through  many  of  their  de- 
rivatives— has  not  been  satisfactorily  explained ;  but.  il  probably  depends 
upon  the  arrangement,  of  the-  molecules,  rather  than  upon  that  of  the  atoms 
within  ilie  molecule. 

Vapor  of  amyl  uloohol  passed  :iirou:;li  a  red-hot  tube,  yields  ft  mixture 
of  etheuc,  propone,  quai-tene,  una  quitLi.etie  or  amylene. 

Amyl  alcohol  takes  fire  easily  and  burns  with  a  blue  flame.  "When  ex- 
posed to  the  air  in  contact-  with  piatb-jin  black,  it  is  oxidized  to  valeric 
acid,  C,H](1Oa.  The  same  acid  is  obtained  by  heating  amyl  alcohol  with  a 
ini.Ture  of  i>;!,i!.iui>ii  lil-hnnii:!-:  ami  at- pit  ark  add. 

CH2(C,H9)OH         +         0.       =        OHB        +         CO(f!,H9)OH. 
Amyl  alcohol.  Valeric  acid, 

Amyl  alcohol,  heated  to  2H0°  C.  (428°  F.)    with   a  mixture   of  potamhm 
hydrate  and  limn,  is  converted  Into  valeric  acid,  with  evolution  of  hydrogen: 
C5H(sO        +        KIIO        =        C5II8K02        +        Ha. 
Amyl  al-  Potassium 

co  hoi.  valerate. 

Potassium  and  sn/Huii;  dissolve  iti  amyl  aleolnd  as  in  otliyl  alcohol,  yield- 
ing the  compound,  !'5lltIKO,  and  Cdl...\\]0,  which,  when  treated  with  amyl 
iodide,  yield  ami/i  o.il.-lt  or  'imul  i-i.ht.i-,  [Cyf.^O;  and  with  ethyl  iodide, 
tMojl-aixf/l  ozi'h:,' [CJi^iC^ll^O. 

Chlorine  acts  upon  amyl  a'coiiol  as  upon  ethyl  alcohol,  excepting  that  it 
li.'iatlv  removes  oi.ly  four  ;im»  o:"  hydrogen,  instead  of  five  : 

CsH,sO      +       3Clj       ^=       4IIC1       +       CsHgCljO. 
Amyl  alcohol.  Chloramylal. 

Amyl  alcohol  is  acted  upon  by  acids,  like  common  alcohol,  yielding 
ethers.  When  mixed  with  strong  .liilphi/rlc  m:/il,  it.  is  converted  into  amyl- 
sulphuric  acid,  (OdrluiHSO, ;  and,  on  distilling  the  mixture,  amy!  oxide, 
(C5H|,)sO,  passes  over,  together  with  amylene,  and  several  other  hydroear- 

Amtleke,  on  Qinx-n-M...  Cr,!!,.-  is  likewise  o'l'sined.  together  with  quin- 
tane,  C5H]5,  and  higher  homjln^nos  of  both  these  bodies,  by  distilling  amyl 
alcohol  with  line  chloride.  It  is  a  colorless  liquid,  having  a  peculiar  and 
somewhat  unpleasant  odor;  boils  at  S5"  C.  i'Ja"  I1'.  1,  and   it  hen  set  on  fire. 
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burns  willi  11  bright,  -vary  smoky  flume.  —  Vapor  (if  amyleno  is  o ompletely 
absorbed  by  antimony  p- 1 ■  1 1 1 : i c_- 1 1  ? "■  i ■  i ■. I o  and  sulphuric  nsido.  —  Strang  sul- 
phuric acid  dissolves  aniylene,  when  the.  two  are  shaken  up  together,  but 
(.he  hydrocarbon  soon  •aipiirato.s  as  an  oily  layer,  which  however  consists, 
not  of  amylene,  but  of  diami/b'w.  [parninyleiin),  CI0II,„.  Amylene  unites 
with  hydrochloric,  hydrol..i-omic,  ami  hydriodio  acid,  forming  compounds 
Isomeric  with  amyl  chloride,  &c. 

Amyl  CHLORiiit:,  (\JInC],  is  prepared  by  distilling  equal  weights  of  amyl 
alcohol  and  phosphorus  petu  achlm-ido,  Ma-iiing  [he  product  repeatedly 
with  alkaline  water,  and  rectifying  ;;  trim  calcium  ohhiride.  Less  pure  it 
may  be  obtained  by  satuvatiii';  amy1  ahaihol  iviili  hydm  chloric  acid.  .It  is 
a  colorless  liquid,  of  agreeable  aromatic  odor,  insoluble  in  water,  and  neu- 
tral to  test-paper  :  it  boils  at  102"  C.  (2I'ic  J'.},  and  ignites  readily,  burn- 
ing with  a  flame  greon  at  the  edges,  .ily  I  he  long-eoniiitued  action  of  chlo- 
rine,  aided  by  powerful  sunshine,  it.  is  converted  into  oelaeldarinaljul  amyl 
chloride,  or  nonncldciruqiiin'np.f,  I  ;11:.<  '\y  a  volatile,  colorless  liquid,  smolling 
like  camphor:  the  whole  of  the  hydrogen  has  .not  yet,  however,  been  re- 
moved. 

Amyl  Bbomide,  CjH^Br,  is  a  volatile,  aolorlaaa  liquid,  heavier  than 
water.  It  is  obtained  by  cli «riLiiii"  aiiiyi  :ika-hol,  bromine,  and  phosphorus 
together.  (See  ethyl  bromide,  p  .">±2.)  lis  odor  is  penetrating  and  allia- 
ceous. The  bromide  is  decomposed  by  an  ale.  .lie!  io  solution  of  potash,  with 
reproduction  of  tiie  alcohol  ami  formal  ion  of  potassium  bromide. 

AmtI.  Iodide,  OfiIInI,  is  procured  by  distilling  a-  mixture  of  15  parts  of 
amyl  alcohol,  8  of  iodine,  and  1  of  phosphorus.  It  is  colorless  when  pure, 
heavier  than  water,  volatile  without  decomposition  at  146°  C.  {2i)5  F.),  and 
in  other  respects  resembles  the  bromide:  it  is  partly  decomposed  by  ex- 
posure to  light.  Healed  to  290°  (J.  (*>4°  I''.}  in  sealed  lubes,  with  zinc,  it 
yields  diamyl,  Cl[hll,.„  oi'  C5llLi .  <VT„.  it-  colorless  ethereal  liquid,  boiling  at 
155°  C.  (311°  F.),  and  isomeric,  or  identical  with  deoane  (p.  474).  At  the 
same  time  there  is  formed  a  compound  of  line  iodide  with  zinc  amylide, 
ZnfCjIIj,),,  which  is  decomposed  b.y  contact  with  witter,  yielding  zinc  oxide 
and  quinisms  or  amyl  hydride  (p.  478): 

Zn(C6IIn)a     +     0H2    s    ZnO    -4-     2C5H„. 

Amyl  Oxide,  (Cf)llu),0,  obtained  by  the  processes  already  mentioned, 
is  a  colorless  oily  liquid,  of  specific   gravity   of  0-77SF,  and  boiling  at  17t>°, 

Amyl  SuXPHintic,  or  Sulphamviio  Acid.  iC.TI,, ill£04.  or  CsHnOSOjH.— 
The  barium  salt  of  this  acid,  il',|Hu;J(a"iS01' , .  2  aq.,  prepared  like  the 
ethylsulphate  (p.  527;,  eryslallm's  on  evaporating  Hie  solution  in  small  bril- 
liant pearly  plates  ;  the  diiforence  of  solnbilhy  of  Iho  salts  prepared  from  op- 
tically active  and  optically  inac live  amy!  alcdiol  has  alrea.dy  been  mentioned. 
The  barium  may  be  1 1  ret- i  pita  tea  frcm  the  salt  by  dilute  sulphuric  acid,  and 
the  sulphamylic  acid  ooiiecniraa'd  by  spontaneous  evaporation  to  a  syrupy,  or 
even  crystalline  state :  it  has  an  acid  and  bitter  taste,  strongly  reddens 
litmus- paper,  and  is  decomposed  by  ebullition  into  amyl  alcohol  and  sul- 
phuric acid.  The  potassium  sail  forms  groups  of  small  radiated  needles, 
very  soluble  in  water.  The  sulpha.niylales  of  calcium  and  lead  are  also  sol- 
uble and  crystallizahle. 

Aim/t  .itdph-liydral,-.,  [\HUSH,  and   A  mvi  .«/?,».' iV<\  iC.,!!-!/-,  have  likewise 
:en  obtained:   they  resemble  the  ethyl  compounds  in  their  properties  and 

in   large   quantities 
Ay  of  amyl  alcohol 
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Fusd-oil  or  Grain-spirit.  —The  fusel  oil,  separated  in  large  quantities 
from  grain- spirit  by  the  London  rectifiers,  consists  chiefly  of  amyl  alcohol 
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mixed  with  ethyl  alcohol  and  water.  Pom  crimes  if  contains  in  addition 
more  or  less  of  flic  ethyl-  or  amyl-compotinds  of  eorraiii  fatty  acids  thought 
to  have  been  identified  with  otijii:  hvlio  :s  rut  ptf.mi'.io  scids.  These  last- 
named  substances  fonn  the  principal  jutrt  of  the  netudy  solid  fat  produced 
in  this  manner  in  whi^oy  disiillene*  conducted  on  the  old  plan.  Mulder 
has  described,  under  the  name  of  corn-oiL  another  constituent  of  the  crude 
fusel-oil  of  Holland:  it  has  a  very  powerful  odor,  rusciiihling  that  of  some 
of  the  umbelliferous  plants,  and  is  tut  affected  by  an.] mi  on  of  caustic  potash. 
According  to  Mr.  liowney.  the  i'tisol-oil  of  lite  Scotch  distilleries  contains 
in  addition  a  certain  quantity  of  oapvic  acid,  O^II.^O,.  Ainyl  alcohol,  in 
addition  to  butyl  alcohol,  has  he  mi  separated  from  ilie  spirit  distilled  from 
beet-molasses,  and  from  artificial  ^rape-suiiar  made  by  the  aid  of  sulphu- 
ric acid.  Although  much  obscurity  yet  bungs  over  the  history  of  these 
substances,  it  is  ^enova'ly  supposed  that  tlie.y  \i:-c.  products  of  the  fermen- 
tation of  sugar,  anil  have  an  origin  contemporaneous  with  that  of  c< 


aethyl-isopropyl  cathinol,  CIIfCHjrCIIfCiyj'OH  =       ]         or  Amyl- 

ncon 

k 

ene  hydrate,  (CsH.0)"f  nil-  ^u's  '3  a  secondary  alcohol  produced  from 
amylene,  CsHra,  by  combining  thai  suhsln.nee  with  hydriodic  acid,  and  de- 
composing the  restihiujr  hyilriodide,  t'sHLl).IIl,  witl>  moist  silver  oxide, 
whereby  silver  iodide  ana  lim  idene  hvdrato  are  obtained  : 

2(CSH10.HI)  +  AgsO  -f  H20  =  2AgI  -j-  2[C6H10.H(OH)]. 
A  portion  of  the  hydriodide  is  at  Ihe  same  time  resolved,  by  the  heat 
evolved  in  the  react  ion.  iot.i,  hvdrietlio  ucid  nod  amy  lone  ;  and,  on  submit- 
ting the  resulting  liquid  to  iVuoii  until  distil  lal  ion.  1 1  to  amylene  passes  over 
first,  and  then,  between  10"r'  and  1  (Its"  C.  i^-'P  and  '2-26°  i\),  the  amylene 
hydrate  or  methyl- is opropyl  carbinol. 
.This  alcohol  is  a  liquid  having  a  specific  gravity  or  0'829  at  0°,  and  it 
pii!ijfC!ii  ethereal  odor,  quite  distinct  front  tbat  of  on  I  i  navy  amyl  alcohol. 
Heated  with  strung  sulphuric  acid,  ir.  is  converted,  not.  into  amy  1  sulphuric 
acid,  but  into  hydrocarbons  polymeric  with  amy  lone,  viz.,  diamylene,  or 
decene,  C^H^,,  and  t.ri amylene,  or  qitimfoeene,  0,-11,,,.  liydriodic  acid  con- 
Yerts  it,  at  ordinary  lemperaiures.,  into  amytouo  hydriodide,  CBll10.HI, 
boiling  at  130°  C.  C1W  V.  \.  (amyl  iodide  at  !!b"  0.  [:>:.<--"  ]■.]).  Hydrochloric 
odd  converts  it  (even  at  If-";,  into  ainvbuie  hydrochloride,  C5II]0.HC1,  having 
a  boiling  point  10°  (I.  |18°']<Yi  below  that-  of  amyl  chloride.  On  mixing  it 
with  two  atoms  of  hromim  tit  a  very  low  temper  attire,  a  veil  liquid  is  formed., 
which,  as  soon  a*  it-  alliiius  the  ordinary  temper* hire  of  the  air,  is  resolved 
into  water  and  amylene  bromide.  Heated  for  some  I  ime  t  o  HKPC.  with  strong 
acetic  acid,  it  yields  n.milone,  together  with  a  small  quantity  of  amylene 
acetate.  Sodium  dissolves  i„  amylene  hydride  with  evolution  of  hydrogen, 
forming  a  colorless  translucent  nni-fs,  whir1]  bus  I  he  composition  Csllj|jXaOH, 
and  is  decomposed  by  amylene  hydriodide  in  the   manner  shown  by  the 

C6H10NaOH     +    C,U,nlII    =     CsHl(h    +     O.H^HCOH)     +     N«I. 
Sodium  com-  Amylene        Amylene.  Amylene 

pound.  hydriodide.  hydrate. 

From  these  reactions  it  ia  apparent  that  amylene    hydrate  or  methyl- 
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iaopropyl  csrbinol  is  especially  distit^nished  from  amyl  alcohol  or  butyl 
carbinol,  by  the  facility  null  which  ii  reives  up  the  corresponding  olefine. 
This  peculiarity  is  exhibited  also  by  all  tin'  aeuuMary  siioiiliuls  of  tlie  series. 
These  alcohols  indeed  may  hi;  regarded  as  connectum;  links  between  the 
primary  monatomic  alcohols  and  the  secondary  alcohol.-,  or  glycols;   e.g.: 

c,h„(oh)         c,h,{hh         C,H„{™ 

Amyl  alcohol.  Aniylene  Amylene  glycol, 

hydrate. 


SEXTYT,,  fill  IiriVYI.-,   Al.i  yilOT.S  AND  ETTJEI1S. 

The  number  of  po>s:V.e  modifications  of  an  aieohol  increases  with  the 
number  of  carbon-atoms  in  Its  molooular  formula.  Thus  we  have  seen  that 
there  may  be  two  propyl  alcohols,  Cal!sO,  four  bulvl  alcohols,  CjH,0O,  and 
sis  amyl  alcohols,  CsH„0.  The  six-carbon  formula,  <.'(HM0,  will  in  like 
manner  be  found  to  include  ten  isomeric  alooliols — three  primary,  four 
secondary,  and  three  tertiary ;  but  as  the  manner  in  which  these  modifica- 
tions arise  has  been  sullicicinly  explained  in  the  preceding  pages,  the 
further  development  of  the  theoretical  formu'Le  may  be  left  as  an  exercise 
for  the  student. 

The  number  of  modification*  of  the  sis-carbon  alcohol  actually  known,  is 
five;   of  which  two   arc   primary,  one  is  secondary,  and  the  remaining  two 

Primary  Hexyl  Alcohols The  normal  alcohol,   or    Auuil-airhhiol,   Cjll,, 

fC.H,, 
(OH),  orCJ  H,       ,  is    prepared    hy  treating    sexiauo,   or  hexyl   hydride, 

loft 

C,H„,  obtained  from  Americin  petroleum,  ivith  chlorine,  converting  the 
resulting  hc.xyl  chloride,  (.'6Hial'l,  into  hexyl  acetate,  l^ll  13;0(  'J!:!0:, 
by  treatment  with  silver  acetate,  and  distilling  the  hexyl  acetate  with 
potash.  The  hexyl  alcohol  thus  prepared  boil.-  at  about  150°  C.  (302°  J1.), 
and  smells  like  amyl  alcohol. 

Another  primary  hexyl  alcohol  was  found  by  Paget  in  fusel-oil.  The 
Statements  respecting  it.  ire  not.  very  exact,  but  as  it  is  produced  by 
fermentation,  it  is   probablv  constituted    like    ordinary   amyl  alcohol,   and 

fCHjCt'UJ-l-HCH'jjJj 
therefore  in  the  maimer  represented  hv  the  formula,  C-j  II 

|_OH 
Both  these  alcohols,  ■■■,  hon   oxidized    by   chromic    ac'.d,    yield  onproic  aeid, 
C.H..O,. 

iCII^UfCHj), 
ft  3 
OH 
or  Hexylone  hydrate,  CeHls  |  y„.  — This  alcohol,  discovered  by  Wanklyn 
and  Erlenmeyer,*  is  produced  from  mannile.  a  saccharine  body  having  the 
composition  of  a  hexatomio  alcohol.  ncirsftllli3.  by  trcsiinjr  that  substance 
with  a  large  excess  of  very  strong'  hydriodle  acid,  whereby  it  is  converted 
into  secondary  hexyl  iodide,  or  liexy'lene  hydriodide,  C6[Ila.HI: 

C(H,(OH),     +     11HI     =     C6H„HI     +     60H2     +     5IS; 
and  digesting  this  hydruuilde  willi  silver  oxide  and  water: 

C„H]3HI     +'  HsO     +     AgjO     =     2AgI     +     C.HuHfOH). 
*  Journal  of  llw  Cliiimiful  Soiwtj  [3],  L  32L 

losteobyCOOgle 
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It  ia  a  viscid  liquid.  having  it  pleasant,  refreshing  odor;  boils  at  1ST0; 
has  asp.  gr.  of  0-S:W7  at.  0°,  (J-WOH  :.l  HP,  ii.nl  U-74SJ  at.  U9°,  so  that  it  ox- 
panda  somewhat  rapidly  by  heat.  Strong  hydrochloric  acid  converts  it 
into  the  eorresponaini;  hydmuliluridi:,  C^il^llCl,  which  boils  at  l!iOa  C. 
(248°  F.),  and  yielda  heiylene  when  digested  at,  100°  C,  with  alcoholic 
potash. 

■  Heiylene  hydrate,  or  inctlivi-i-ut'iiivl  ciubim)],  is  urn; verted  by  oxidation 
with  potassium  bichromate    :iinl    suhianrie   acid,  into  a  ketone,  C6lIlaO  = 

fClI/IH^CH,), 
Ci  CH,  ,  which  does  no;    absorb  oitkii  [Vum  I  he   air;  but,  when 

to" 

further  treated  with  the  oxidizing  mixture  just  mentioned,  yields  butyric, 
acetic,  and  carbonic  acids,  and  wnirr.  These  reactions  show  that  the  al- 
cohol iu  question  is  a  secondary  alcohol. 

Tertiary  Hexyl  Alcohols.  —  Three  of  these  nlcohols  arc  possible,  namely: 

Methyl-diethyl  carbinol  C  J  (C,H,)„ 

I.  OH 
fCH,(C1H11) 

Propyl-dimcthyl  carbinol  C-j  (CH,), 

fCH(CH3), 
Isopropyl-diraethyi  carbinol    C-j  (CH,)a 

I.  OH. 

The  third  has  not  yet  been  obtained.  The  first  is  prepared  by  treating 
line   ethyl  with   acc.iv!   cidm-ido,    anil   deoomjiosin;;    l-lie   resulting  mothyl- 

(■  CH, 
die  thyl-ohlore  thane,  C -.  ,('![-■,..,  wiik  water;  the  second  by  proceeding  in 

I  CI 
like  manner  with  erne  methyl  and  butyrvl  dil,.i'idi:,CO((...Ii,)Cl. 


SBPTYL,  OK  HBPTYL,  ALCOHOLS  AND  ETIIEBS. 
Of  these   compounds   only  the   normal    primary  alcohol,   C,H}5(0II),  or 
fCeH„ 

Hay!,  cnrbimil,  C  J  H„      ,  is  known  ivith   ccrLainty.     It  is  prepared,  either 

[  Oil 
by  the  action  of  nascenl  hydrogen  'c.voivrd  by  r Ui>  aciinn  of  sodium  amal- 
gam on  water)  on  iioiani'iylio  aldehyde  ;  icnanthol) : 

C.H,,0        +        H,        =         C.H,aO; 

Aldehyde.  Alcohol. 

or  from  septan e  or  hept.yl  hydride.  C,ll']6>  in  the  same  manner  as  hexyl 

alcohol  from  hejyl  hydride  (p.  530).      It  is  a  colorless,  oily  liquid,  insoluble 

in  water;   bur.  its  properties  are  not.  nuieh  known. 

Another  hept.yl  alcohol  was  scpavarod  by  l'a;.et.  from  fusel-oil;  and  a 
third  has  been  said  by  several  ehemisls  to  be  obiainoii.  together  with  oolyl 
alcohol,  by  dirt-iiliuji  castor-oil  v.-illi  cmiwh  of  potash  ;  bur,  aeoovdme;  to 
the  most  trustworthy  experiments,  there  is  bill  one  alcohol  obtained  by  this 
process,  viz.,  an  8-carbon  alcohol. 

Hasten  by  CjOOglC 
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OCTYL  AT.COHOLS  AND  El'HBRS. 

Alcohols  naying  Lin;  u!!iii()'is:.rion  03UIS0  sire  obtained:  1.  From  the  octane 
or  octyl  hydride  of  Amerieiin  potroliuim.  by  the  series  of  processes  already 
indicated  in  the  case  of  hexyl  alcohol.  2.  By  distilling  castor-oil  with 
potash.  The  first  is  an  oily  liquid,  i i : i- v i i l j;  a  ipeeilic  gravity  of  0-826  at 
16°,  andboilmgat  180--18-PI.:.  (:i.jfi"-:it>S0  !■'.).  II?  structure  is  not  exactly 
known,'  but  it  closely  resembles  tin;  alcohol  obtained  from  castor-oil,  both 
in  its  physical  properties  atsd  in  its  reactions. 

The  chloride,  C8II„C1,  obtains!  by  ilm  uoliois  of  chlorine  on  octane,  is 
also  very  similar  in  ii's  properties  to  that  obtained  from  the  alcohol  of 
Castor-oil  by  the  action  of  phosphorus  pentachloride. 


Seoondary  Octyl  Alcohol,  < 


OH 


Methyl-hesyl  Carbinol, 
H    H    H    H    H 
HaC— C— C— C— C— 0  < 
OHH    H    H 


"■■  CII3 


This  alcohol  is  produced  by  beurin?  cn-ici'-oil  v:i<.h  pxesss  of  solid  potas- 
sium hydrate.      Cas;or-oil  s. I  sins  rkiiiiilcie  n i  i ■  I .  i',J l,,'.^;   and  this  acid, 

when  heated  with  potash,  yields  free  liyilrngtsn,  a  distillato  containing 
mothyl-hexyl  carbinol,  together  with  product.?  of  its  decomposition,  and  a 
residue  of  potassium  sebate: 

<V*iA    +     2KOII    =    CgH^Q    +    C10HieKjO4    -f     H,, 
Ricinoleic  Octyl  Potassium 

acid.  alcohol.  sebate. 

To  separate  the  alcohol,  the  distillate  is  re.pealcsily  rectified  over  fused 
potash,  the  portion  boiling  below  200°  0.  (3112°  ¥.)  only  being  collected: 
this  liquid,  subjected  to  fractional  distilstl  ion,  yields  ;i  portion  boiling  at 
181°,  which  is  the  pore  secondary  octyl  alcohol.  The  portions  of  the  orig- 
inal distillate  bavins;  ;i  lower  bidlii:;*  point,  consist  of  defines,  amongst 
which  oetylene,  Csl!'l6.  boiling  at   I2;'>°"0.  l'2'u°  !■■.;■,  preponderates.* 

Methyl-hesyl  carbinol  is  a  limpid  oily  liquid,  having  a  strong  aromatic 
odor,  and  making  grease  spots  on  pupcr.  It.  has  no  section  on  polarized 
light.  It  has  a  specific  gravity  of  0-823  at  17°,  Jiud  boils  at  181°  C.  (358= 
F.|.  It  is  insoluble  in  water,  bin  dissolves  its  alcobol,  ether,  wood-spirit, 
md  acetic  acid.     It  ruiies  with  sulphuric  acid,  form  in;;  oetyl-sulphui'         '  ' 


(■3H,.II.S04,  generally  also  oetyli 

chloride  converts  it  into   oetylene.      With  p 

substitution-products. 

Methyl-hesyl  carbinol,  oxiducd  with  pots 
ric  acid,  yields  the  corresponding  ketone,  yi 

(C0)"(C6Ha)(CHa\   or  c|  cl    ' 


■utrul  oci.yi-  -iLiplmii!.      Fused  id  no 
um  and  sodium  it  yields 


:1i  '"; 


r,  i'njceuilint's  of  tin  Jlnynl  Si 
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By  the  prolonged  action  of  the  oxidising  mixture,  this  ketone  is  further 
oxidized  to  c-aproic  and  acetic  acids: 

CBIIlaO    +     0,    =     CeH,sOa     +    C,H„Os    +     0HS. 

Methyl  '  Capi'oio  Acetic 

ocuanthol.  acid.  acid. 

These  reactions  show  that  tho  alcohol  produced  from  castor-oil  is  a  sec- 
ondary alcohol;  and  from  further  considerations,  for  which  »e  mast  refer 
to  Scliorlemmer's  paper  above  cited,  it  is  inferred  to  contain  tho  radical 
jsopropyl,  that  is,  to  have  one  of  its  carbon-atoms  directly  combined  with 
three  otters. 

Octyl  chU/rvh.  tyi.-fl.  produced  by  the  action  of  phosphorus  pentachlo- 
ride  on  the  alcohol.  has  a.  specific  evavilv  of  W:<»  at  18°  C.  (64°  F.),  and 
bolls  at  175°  C.  {3-17°  I''.).  Heated  with  alcoholic  potash,  it  yields  octene, 
CSH,G ;  by  alcohol  and  potassium  acetate,  it  is  converted  into  octene  and 
octyl  acetate. 

f  CBH1I 

Hoiyl  Alcohol,  C,Ha,0,  or  Octyl  Csrbinol,  C  J  Hs      ,  is  obtained  by  the 

aeries  of  reactions  a.bove  described  from  nonage  or  notiyt-bydride,  which 
is  one  of  the  constituents  of  American  peTvohmm.  and  likewise  occurs,  to- 
gether with  noneue,  C0If,s,  in  that,  portion  of  the  liquid  obtained  by  dis- 
tilling amyl  alcohol  with  zinc,  chloride,  which  boils  between  134°  and  lijO" 
C.  (27:;°  and  302°  TV).  Nonyl  alcohol  boils  ur.  about  2<H)a.  Nonyl  chloride, 
OaK„(';l,  1ms  a  specie  Kr;ivriy  of  0  ■Suit  at.  1i>°  C.  flili"  1'.),  ami  t.mils  a-  lfiii". 

The  alcohols  of  (ho  series.  (".'.,  J  J.,.,  :  A),  containing  from  H)  to  15  carbon- 
aloins.  are  not  known,  but.  compound  ethers  containing  ]-  mid  ii  carbon- 
atoms  appear  to  occur  in  spermaceti. 

Sexdaeyl,  or  Cetyl  Alcohol,  CieHa,0=CwHw(OH),  also  called  Stkal,  is  ob- 
tained from  spermaceti,  a  crysin'!;no  faiiy  substance  found  in  peculiar  cav- 
ities in  the  head  of  the  sperm  whale  ■'  Physi  ■■■■■  mat  rocBpAalas).  This  sub- 
stance consists  of  nhd  r,ai„<;t„i.:.  V:^\Q),,  or  CICI1„02  (l,^,  and  when 
heated  for  some  time  with  solid  potash,  is  rosoK  od  imo  potassium  palmitate 
aud  cetvl  alcohol: 

C^.Oj.C^Hjj  +  KOH  =  Cl3H3,02K  +  ClBHS3(0H). 
The  cetyl  alcohol  is  dissolved  out  iron]  the  fused  mass  by  alcohol  and  ether, 
ami  purified  by  several  crystallisations  from  ether. 

Cotyl  alcohol,  or  ethal.  is  a  white  crystalline  muss,  which  melts  at  about 
60°,  and  erysta.lt i /.os  by  slow  cooling  in  shining  bnniine.  It  has  neither 
tasto  nor  smell,  is  insoluble  in  wilier,  but  dissolves  in  all  proportions  in 
alcohol  and  ether.  When  boated  it  distils  without  decomposition.  With 
sodium  it  gives  off  hydrogen  and  yields  sodium  cetylal.e,  O^TXgKO.  It  is 
not  dissolved  by  aqueous  alkalies ;  but  wben  heated  with  a  mixture  of  pot- 
ash and  lime,  it  gives  oft'  hydrogen,  and  is  converted  into  palmitie  acid: 
CuH^O    +    KOH    =    C„HalO,K    +    2Hj. 

Distilled  with  phosphorus  pentaehloride  it  yields  r.'Jitl  chloride,  C^H^Cl,  a 
limpid  oily  liquid,  bavin;;  a  specific  L'ravil  v 'of  0-81  lil  ai  12°,  and  distilling 
with  partial  decomposition  at  a  temperature  above  200°.  Cetyl  iodide, 
Cib^ii1'  obtained  by  Treating  tho  alcohol  with  iodine  aud  phosphorus,  is  a 
solid  substance  which  molls  at  22",  dissolves  in  alcohol  and  ether,  and 
crystallines  from  alcohol  in  interlaced  laminie. 

According  to  Hciritz,  cetyl  alcohol,  or  (.'thai,  prepared  as  above,  is  not 
a  definite  compound,  but  a  mixture  of  scxilecvl  alcohol,  C1GH  0„  witn 
small  quantities  of  three  other  alcohols  of  the  same  s    "  " 
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speotively  12,  14,  and  18  atoms  of  carbon,  inasmuch   as,  when  fused  with 
peaa-.h-liNie,  Jr.  yield-  the  corresponding  fatly  acids  CJIsaO,. 

Ceryl  Alcohol,  C2]HSjO  =  Cs,His(OH);  also  called  Cerotic  alcotiol  and 
Cerolin.  —  This  alcohol  is  obtained  iiom  Chinese  was  or  Pela,  a  secretion 
enveloping  the  branches  of  certain  trees  iu  Ctiina,  ami  supposed  to  be  pro- 
duced by  the  puncture  of  an  in  suet..  This  wax  consists  mainly  of  ceryl 
cerotate,  C^H^Oj  .  Cj-H.-,  n.nd  is  do  computed  by  fused  potash  in  the  same 
manner  as  spermaecj'i.  yielding  potassium  cprutut.fi  and  ceryl  alcohol: 

C^H^Oj.C^H^  +  KOH  =  OwHBOjK  +  CftHB6(OH). 
On  digesting  the  fused  muss  with  boiling  water,  a.  solution  of  potassium 
cerotate  is  obtained,  holding  ceryl  alcohol  in  suspension;  and  by  precipi- 
tating the  eerotie  acid  with  havium  chloride  ami  troa.tiug  the  resulting  pre- 
cipitate with  alcohol,  ihe  ceryl  alcohol  dissolves,  n.ml  may  be  purified  by 
repeated  crystallisation  from  alcohol  or  el  lire,  11  then  forms  a  waxy  sub- 
stance, melting  at  ',17°  C,  (200"  F. ).  Heated  ivir.li  potash -lime,  it  gives  off 
hydrogen,  and  is  converted  into  potassium  eerotate.  At.  very  high  temper- 
aturcs'it  distils,  partly  uiideoomposed,  [drily  resolved  iulo  water  and  caro- 
tene, Cj,HM;  by  this  characi  ev  it  would  iiprionv  to  be  rela.t.ed  to  the  secon- 
dary alcohols.  With  suhihurie  acid  ia  e\ccs>,  it  forms  h  vitro,  ted  maM  ceryl 
iviphale,  (CjjHj^jSOj  .  OH,. 

Myricyl  Alcohol,  Ca0HeiiO  =  C^Hj.fOH).—  This  alcohol,  the  highest 
known  member  of  the  series,  (.'„  If.,,,  \-.J  ',  if  obla.ined  fre::i  myvicin,  the  por- 
tion  of  common  bocs'-wax  which  is  insoluble  in  bniling  alcohol.  Myrioin 
consists  of  myricyl  palmitate,  C]Gil,.f),, .  Cm!lra,  and  when  heated  with 
potash  is  decomposed  in  the  same  manuor  as  spermaceti  and  Chinese  wax, 
yielding  potassium  palmiiate  ami  royvieyl  alcohol.  On  dissolving  the  pro- 
duct in  water,  preoipiiating  wi;.h  barium  chloride,  exlia.usting  the  precipi- 
tate with  boiling  alcohol,  :irul  dissolving  i  he.  subsiituce  deposited  from  the 
alcohol  in  mineral  naphtha,  pure  myricyl  alcohol  sepa:ato..s  as  a  crystalline 
substance,  having  a  silky  lustre.  When  healed,  it  partly  sublimes  unal- 
tered, and  is  partly  resolved  (like  ceryl  alcohol)  info  water  and  melene, 
CMHeo,  With  strong  su'/j/'urii;  acid  it  yields  wyrieyl  sulphate.  Heated  with 
potash  lime,  it  gives  otf  hydrogen,  ami  is  cenveeie:!  iaro  potassium  melissate: 
CMHM0     +      KOH     =     C^H^O.K     +     2HS 

The  mother-liquur  from  which  ihe  myricyl  alcohol  has  crystallised  out, 
as  above  mentioned,  renins  a  -mail  ijiinntity  of  an  isomeric  alcohol,  which 
melts  at  72°  C.  (liillc  !■'.),  and  when  t.realeil  with  potash-lime  yields  an  acid 
containing  a  smaller  proportion  of  carbon. 


0.  Monatomic  Alcohols,  C.H^O,  or  C„HMOH. 
Two  alcohols  of  this  series  are  known,  via. : 

Vinyl  alcohol,  GjlljO  =  C.H.fOH). 
Allyl  alcohol,  C0H4O  =  C,H6(OH). 
The  first,  discovered   by  HeHholoi.-"  in    J.ShO,  is    produced   by  combining 
ethine  or  acetylene,  with   sulphuric  acid,  ami   distilling   the   product  with 
water,  just  as  in  the  preparation  of  ethyl  alcohol  from  ethene: 
SOJ1H  +        C2H,        =  80aH(CjHa). 

Sulphuric  acid.  Ethine.  Vinyl-sulphuric  acid. 

*  Comptos  K*ndus,  i.  806. 
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B04H(C,H,)       +        HOU        =        SO<HII        +         C2Hs(OH) 
Vinyl- Bill-  "Water.  Sulphuric  Vinyl 

phurio  acid,  acid,  alcohol. 

It  is  an  easily  decomposable  liquid,  hiivlns:  n.  highly  pungent,  odor,  some- 
what more  volatile  thim  iraior,  soluble  in  10  to  10  juirL-a  of  I  hat  liquid,  and 
precipitated  fi-oui  (he  soluiiou  by  poliissium  onrhonsii.e.  Its  chemical  reac- 
tions have  not  been  much  oismiiiieu,  inu  ii  is  ps-oiiiibiv  ;i  secondary  alcohol, 

CH2 
represented  by  the  formula  II  .     It  is  isomeric  with   acetic  aldehyde 

CHOH 
and  ethylene  oxide  (p.  484).      The  univalent  rsuliosil  vinyl,  C2HS,  which  may 
be  supposed  to  exist  in  it,  in  rehiled  to  the  t.vivuli'iil  radical  ethinyl  (p.  468J, 
in  the  same  manner  as  silly  1  to  propeuyl  (see  below). 
CHa 
Allyl  Alcohol,  C.ft,  =  CaHs[OH)  =  CH        .—  This  alcohol,  discovered 

CHaOH 
by    Cahours    and    ITrifmaiiii  *  In    IfinO,    tnuy  be    supposed    to    contain   tlio 
univalent  radical    ally!,    O.li.-,    derived     from    si    ssitursited    hydrocarbon, 
CH2 

CH,  by  abstraction  of  one  atom  of  hydrogen,  ;s  ml  isomeric  with  the  triva- 

CH„ 

lent  radical  nropeiiyl,  i'("  !I. .;'■",  derived  in  like  manner  from  the  bivalent 
—  CHa 

radical   propene,  — CH  ,  or  from,   the   saturated   hydrocarbon  propane, 

CH, 
CHa 

CHa,  bj  abstraction  of  three  atoms  of  hydrogen.     Allyl  and  propen;  1  i- .".■:- 


in. 


ds,  Indeed,  (ire  easily  converted  one  into  (be  other  by  addition  or  sub 
■.muiion  of  tivo  sitorr.s  of  si  mound  element  or  radical. 

To  obtain  the  sileoliol,  allyl  in  lido  is  first  procured  by  the  action  of  phos 
piloses,  lei  i-imlide  oii  iivo pei iy I  uloohol  (glycerin): 

2(C3H5)'"(OII)3    +     PaL.    =    2CjH,I     +    2P(OH),    +    I2. 
Propenyl  Allyl  Phosphorous 

alcohol.  iodide.  aeid. 


The    allyl   iodide    i 
oxalate : 

s  next  decomposed  by  silver  oxalate,  yielding   allyl 

2<W        + 
Allyl 

iii'liiie. 

CJVg,        =        2Agt         -f         CUUC-H,)-; 
Silver                     Silver                          Allyl 
oxalate.                  iodide.                        oxalate. 

and  the  allyl  oxalate  is  decomposed  by  ammonia,  yielding  oxamide  and 
ally!  alcohol : 

0,O,(CaH(),        + 
Allyl 

o.\a'.;i!.e. 

2NH3        s=  ■       (Ci0.J)"(NHa)il        -j-        20,1 1;  ( >  IT  i 
Ammonia.                     Oxamide.                            Allyl 
alcohol. 
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Allyl  alcohol  is  a  colorless  liiiiiid,  iijivincr  n  pungent  odor  and  a  spirituous 
burning  taste.  It  mixes  in  nil  proportions  with  water,  common  alcohol, 
and  ether;  boils  at  108°  C.  (217°  1'.) ;  burns  with  a  brighter  flame  than 
oommon  alcohol. 

Allyl  alcohol  is  :i  primstry  alcohol,  similar  in  all  Us  ordinary  reactions  to 
ethyl  alcohol.  liy  oxidation  in  contact  wiih  pi  atrium -black,  or  more 
quickly  by  treatment  with  potassium  bichromate  and  sulphuric  acid,  it  is 
converted  into  acrylic  aldehyde  (acrolein).  t'allsO,  ami  acrylic  acid,  C,IIaO;, 
compounds  related  to  it.  in  the  same,  manner  a*  common  aldehyde  and  acetic 
acid  to  ethyl  alcohol.  Heated  with  phosphoric  oxide,  it  yields  allylene, 
C,(I.t.  IVilli  polassit;;;:  j l / 1 ■- L  soriiunt  tt  yields  subs:i'.u' iou-iirorioet.s.  Strong 
sulphuric  acid  converts  it  into  a  liy  I- sulphuric  acid.  With  the  bromides  and 
chlorides  of  phosphorus  it  yields  ally!  bromide,  i.'.ILHr,  and  allyl  chloride, 

DA01- 

Allyl  Buomides The  monobromlde,  r.Jl.Rr,  prepared  as  just  men- 
tioned, or  by  distilling  propeno  liromide,  (',.linIlr.,.  ivilh  alcoholic  potash,  is 
illiquid  of  sp.  gr.  1-47,  and  boiling  at  fili"  C.  (144°  F.).  A  trOtromide  of 
allyl,  OjIIjBr,,  is  obtaineil  by  striding  tiromi'io  to  liie  u;ono-iodide  in  a  vessel 
surrounded  liy  a  freezing  mixture.  It  is  n  liiptid  of  sp.  gr.  1-436  nt  2'i"  C. 
(73°  FA  boiling  at  217^  C.  IAT1"  P.),  and  solidifying  when  cooled  below 
10°  C.  (50°  F.).  It  is  isomeric  with  propeuyl  bromide  or  tribromhydrin, 
■  obtained  by  the  acliati  of  phosphorus  |jcri!iibi-oi]iiric  on  glycerin. 

:\  diillj/l  miralii-'imi-l;.  (\.fl,(|I.,.i,1.  is  formed  by  ttm  direct  combination  of 
diallyl  (p.  487)  with  bromine;    it  is  a  crystalline  body,  melting  ai.  o7u. 

Alltl  Iodides.  —  The  mono-iv/Me,  f.JI.1,  obtained,  .is  above  described, 
by  distilling  glycerin  with  phosphorus  i'ct.rioilide,  is  a  liquid  of  sp.  gr. 
1-780  at  16°  C.  (CO5  F.l.  ami  boiling  at.  10'P  0.  (:M)°  ¥.),  It  is  decom- 
posed by  sodium,  with  formation  of  diallyl,  tyi10.  By  the  action  of  Kino 
or  mercury  and  hydrochloric-  or  dilute  s-jlpituric  acid,  it  is  converted  into 
propona  /hi'  allyl  hydride): 

2C,HSI    +     Zns    +     2HC1    ==    ZnCl,    -f     Znla     +     2C3H6. 

Diallyl  tetriadide,  C0lt]a.T,,  is  a  Crystalline  body  obtained  by  dissolving 
iodine  in  diallyl  at  a  gentle  heat. 

ALLYL-SDLPiirTiic  Ai.'tn,  M\l U' 'a' '.-,■■  '?  produced  by  striding  allyl  alcohol 
to  strong  sulphuric  acid.  The  sclnl.iiui,  diluted  with  ivat.er  and  neutralized 
with  barium  carbonate,  yields  barium  allylsiriniiai.i.',  l^t),;i,lht/'(Cjll.i)!, 

Allyl  Oxide,  {C..n.-i..O,  is  proriuced  by  the  action  of  stllvl  iodide  on 
potassium  ally  late  (the  gela.l  inotis  ma.^s  obtained  by  dissolving  potassium 
in  suiyi  sdcokol) : 

C3HGOK         +         C3II6I        =        KI  +         (CjH^a 

It  is  a  colorless  liquid,  boiling  at  82°. 

Allyl  Sulphide,  i'C..ll6').,S.  —  This  compound  exists,  together  with  a 
small  quantity  of  allyl  oxide,  in  volalile  nil  of  garlic,  and  is  formed  arti- 
ficially by  distilling  .■tiivl  iodine  with  potassium  monosulphide: 

2C,HSI  +  KSS  =  2KI  +  (C3HS)2S.' 
To  prepare  it  from  garlic,  ilie  sliced  bulbs  are,  distilled  with  water,  and 
the  erude  oil  thus  obtained  —  which  is  a  mixture  of  the  sulphide  and  oxide 
of  allyl — -is  subjected  to  the  a.ctinn  of  mc.ta.llie  potassium,  renewed  until  it 
is  no  longor  tarnished,  whereby  the  altvl  oxide  is  decomposed,  after  which 
the  sulphide  mtiy  lie  ohla.incil  pare  bv  redistillation.  Ill  this  state  it  forms 
48* 
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a  colorless  liquid,  lighicr  than  water,  of  high  refractive  power,  i 
in  a  high  degree  the  peculiar  odor  of  the  pla.nt,  ami  capable  of  being  dis- 
tilled without  decomposition.  Ally!  sulphide,  dissolved  with  iilcohol  and 
mixed  with  solutions  of  ]  liitiuutn,  silver,  ami  mercury,  gives  rise  to  crys- 
talline compound,!,  consisting  of  :i  douhii!  snlpaido  of  allyl  and  tile  metal, 
either  alone  or  mixed  v.-it li  a  double  chloride. 

Volatile  oil  of  mustard  consists  of  allyl  sulplioeyauate,  C3Ii6 .  CNS,  and 
will  he  described  in  conneciiuu  with  rise  Hitiphncyanic  ethera. 

AtlTL  SuLFH-HVOKATR,  Or  Allyl  JIv.uo.'.pt in.  r;ili,i;S II).  obtained  by 
distilling  allyl  iodide  wit.li  ptunss'ium  sulril:-:i  vfii-Mts,  is  a  volatile  oily  liquid, 
having  an  odor  like  that,  of  ^avlie  oil,  lml.  miiri)  ethereal  ;  boiling  ul  '■!()" 
C.  (194°  F.).  It  attacks  mercuric  oxide,  like  ethyl  mcrcaptan,  forming  ;lio 
compound  (C3Il5)jS,,Hg". 


y.  Monatomic  Alcohols,  C  lla,_!0,  or  C„  Il^Orl, 

Only  one  alcohol  of  this  series  is  at  present  known,  via. : 
Camphol,  C„H,eO      =       C10II„(OH). 
Of  this  compound  there   are   several  physical   nnniilicai  ions,  distinguished 
from  one -an  other  by  iheir  aetion  on  polarized  light. 

One  variety,  called  Baniiiol  or  B'irsi--n  eumphor,  is  obtained  from  firya- 
btiltiROps  Kitmphora,  beintr  found  iri  cavities  of  ihe-  trunks  of  old  trees  of  that 
species.  It  has  a  dcxtvo-rotarory  power  —  f!l-4°.  A  second,  having  a 
dextro-rotatory  power  of  ii'S",  is  produced,  iogeltier  with  camphic  acid, 
by  the  action  of  alcoholic  potash  on  common  camphor,  to  which  indeed 
cann.diol  bears  Ihe  -■nine  relation  Ilia:  ciliy!  alcohol  hears  to  aldehyde: 

2C„HlaO     +     OH2    =     C,„Hl80     +    CwII,808 
Camphor.  Camphol.       Camphic  acid. 

A  third  variety,  posse-sine:  a  dextro-rotatory  power  of  4-S",  is  obtained 
by  distilling  amber  with  potash;  ami  a  fourth,  ealled  kaio-cuntphol,  which 
has  a  1  as vo -rotatory  power  of  ■"..'■  \°  (equal  and  opposite  to  that  of  borneol], 
is  found  in  the  alcohol  produced  in  '.lie  J'eniieuiaiion  of  sugar  from  mad- 
Dei  tro -rotatory  eamphol,  bolli  natural  and  artificial,  forms  small  trans- 
parent, colorless  crystals,  apparently  bavin;'  the  form  of  regular  hexago- 
nal prisms,  insoluble  in  water,  vci-v  soluble  in  alcohol  ami  ether.  It  melts 
at  198°  C.  (888"  F.),  and  boils  at  212°  (.'.  ('114°  V. ),  distilling  without  altera- 
tion. Lnjvo-rotatory  cam  |)  hoi  forms  crystalline  lain  in  a\  or  a  white  powder, 
sparingly  soluble  in  water,  easily  in  acetic  acid,  iilcohol.  and  ether.  Both 
varieties  siuoll  li'.-te  pepper  and  eoiuiiion  camphor. 

Camphol,  distilled  willi  phosphoric  oxide,  jnves  tip  water,  and  yields  a 
hydrocarbon,  t!L(I..l  LS,  isomeric  with  turpentine  oil.  When  boiled  with  nitric 
acid,  it  gives  off  two  atoms  of  hydrogen,  mid  is  reduced  to  the  correspond- 
ing aldehyde,  via.,  common  or  laurel  camphor,  < \."  in1'-  which  is  dcxtro-  or 
lie  vo -rotatory,  accordine;  to  the  variety  of  caiiiplio!  used,  With  other  acids, 
catnphol  behaves  lii;o  alcohols  in  froncral,  form  lot;  ethers:  thus,  when 
heated  in  a  sealed  tube  with  strong  hydrochloric  acid,  it  forms  caiiiphor 
ehlnriik.  G,,,!!,/;],  a  crystalline  havo-roiniory  subs ee.  isomeric  with  hy- 
drochloride of  turpentine  oil,  C](I1II6.  ITC1  (p.  489).  With  benzoic  acid 
camphol  forms  caiu/ilii/i  Lui.suMi.  (>jHsO,.  CZI|H17. 
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3,  Monatomic  Alcohols,  0,H!MO,  or  CDH2n_jOII. 


These  alcohols  correspond  to  the  atom 
fore  called  aromatic  alcohols.  The  lowest 
to  benzene,  and  therefore  contains  sis  at 
tutional  formula  of  benzene  (p.  493)  shoi 
carbon-atom  is  directly  combined  ivith  t 

the  hydrogen-atoms  in  ber-zene  U  replaced  liy  hydvoxyl.  the  resulting  alco- 
hol must  he  a  secondary  alcohol.  The  relation  of  I  l.i  L  ■=  alcohol,  called  phenol, 
to  benzene,  is  shown  by  (ho  fo!h)wing  formula) ; 

H— C— C— H  H— C— C— OH 


ic  hydrocarbons,  and  are  there- 
ember  of  the  series  corresponds 
ns  of  carbon.  Now,  tho  consti- 
that  in  this  hydrocarbon  every 
others.     Hence,  when  ( 


JL 

H-U-B 

Ben/ene. 


■JL, 

-U-H 


J.'hmii.il, 

x-0iirlion   alcohol  of  (.lie 


It  appears,  then,  that  there  run  lie  no  primary  si 
aromatic  series.  lint  with  the  higher  tdcohols  of  ihr  sorres  me  ease  is  un- 
forent.  For  in  any  hotitologtie  of  benzene,  —  fin'mcil,  its  already  observed, 
by  replacing  one  or  move  of  the  lij  drogcn-ai  uiuh  in  that,  body  with  an  alco- 
hol radical  of  the  series  C,.ll'2„  +  ,.  viz.,  methyl  ami  its  homo'.ogues, —  the 
substitution  of  hydroxy]  for  hyd;c;tcn  may  take  place  either  ill  the  benzene 
molecule  itself,  or  in  the  methyl,  ethyl,  k<:.,  alt.nehed  to  it ;  in  the  latter 
case  the  carbon- atom  united  with  hydroxyl  will  be  directly  combined  with 
only  one  other  atom  of  carbon,  so  ili.it  a  primary  alcohol  will  result;  hut 
'n  the  former  ease,  tin?  carbeu  nnit  ed  wit  it  hydroxy!  v.iH  still  be  combined 


is  of  carbon,  so  that  tho  resulting  alcohol  will  be 


H— C—  C— OH 


J]ih 


H— C     €— H 
H— C=C— CHS 


also  with 
secondary ;  thus, 

H— C— C— II 

H-C    6-H 

H-U- 

Methyl  benzene,  or  Primary  alcohol.  Secondary  alcohol. 

Toluene. 
In  the  higher  terms  of  the  series,  a  greater  number  of  isomeric  alcohols 
may  exist,  inasmuch  as  each  of  the  isomeric  hydrocarbons  containing  a 
given  number  of  carbon-atoms  (p.  4fl4)  may  litrnisii  a  primary  and  a 
Bceondary  monatomic  alcohol.  Thus  lite  form  alee.  I.'s!!  „  include  scUivl.  ben- 
irae,  C,H6(C,IIS),  and  dimes iiyl  benzene,  <yi,,iCU3).:,  to  each  of  which  there 
corresponds  a  primary  and  a  secondary  alcohol : 

u— c— c— 


e-4  J-h 

H— C=C— CH,CH 

Ethyl- benzene. 
H— C— C— H 

eJ  Lob. 

H— C=C— CK3 


bJ  J-e 


H— 0=0—01  [,C  11,011 

Primary  alcohol. 
H— C— C~H 

h4  L.E, 

H— C=C~ OH.OH 
Primary  alcohol. 


H_C— C— OH 

eJ  Lh 

H— 0=0— CH2CHj 
Secondary  alcohol. 
H— C— C— OH 

eJ   Lch, 

H— C=C— CH3. 
Secondary  alcohol. 
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The  constitution  of  (lie  primary  arotnutic  alcohols  is  similar  to  that  of 
the  alcohols  of  the  hic'jij'I  .series,  in  this  respect,  t.lmt  the  carbon-atom 
combined  with  hydroxy!  is  also  directly  ussooiated  iviili  two  atoms  of  hy- 
drogen; and  according! y  (hese  ajeokols,  wiifii  subjected  to  the  action  of 
oxidizing  agents,  easily  give  up  these  r.wo  minus  of  hydrogen  in  exchange 
for  an  atom  of  oxvucr,  uud  are  thereby  converted  into  acids,  the  group, 
C1I/1H,  being  concerted  into  OOOll.juM  as  in  the  conversion  of  common 
alcohol,  CH3CH,OH,  into  acetic  iiuid,  CII;1t;001I.  But  in  the  secondary 
aromatic  alcohols,  or  phenols,  tlie  carbon -a i on  i  united  with  hydroxyl,  has 
its  three  oilier  uiihs  of  equivalence  sat is :;pi I  by  combination  v.ii  li  '.wo  other 
curbon-nloms,  and  there  is  no  tivilrofruii  in  its  inimciliiLto  iifij^li li>Lb.;..;,il 
to  be  exchanged  for  oxygen:  hence,  these  alcohols  are  not  converted  by 
e  number  of  carbon-atoms. 

es  are  the  following: 


Primary. 

Secondary. 

Phenol,       0,11,011 

Benzyl  alcohol,          C6H6.CII2OH 

Cresol,    .    C-H.iCiblOIl 

fPhloroI,        C,li,(fyirj01I 

Xylyl  alcohol,         C,Hr.CH,OH 

J  Dimethyl 

{      phenol,  Cfll/CIU/m 
Thymol,       CGH,(CaHB)JOH! 

Cymyl  alcohol,         C9Itu  .  (111,011 

Sycoceryl  alcohol,  (!]TH1T .  CH,OI-I 
The  secondary  aromatic    alcohols    are    often   designated    by  the  generic 
name  of  phenols;  thus  cresol  is  moth;  1 -phenol,  pidorol  is  ethyl -phenol,  Kc. 
There  are  also  diatomic  ai.il  triaio:aio  phenols,  which  will  be  noticed  here- 
after. 


Y  AROMATIC  AT.COHOLS. 

Benzyl  Alcohol,  C,H„0=C-H,(OH)— C^V  CI130H;  also  called  Benzoic 
alcohol.*- — This  ukniio!  is  produced;  i.  By  tlio  action  of  alcoholic  potash 
on  benzoic,  aldehyde  (bilter-aluiond  oil): 

2C,H60        +        KOII        =        C,HsO        +        C,H,0,K 
Benzoin  Benzyl  Potassium 

aldehyde.  aloohol.  benloate. 

2.  From  toluene.  fT'IIs.  by  ooriverlinjf  Thai  couiriovind  ir.'obcnzyl  chloride, 
CjH,Cl,  by  the  action  of  chlorine  at  high  temperature?  (p.  49G),  and  dis- 
tilling this  chloride  with  potash  : 

C,H,C1        +        KOH        =        KC1        -f-         0,11,011. 

3.  Together  with  ether  products,  by  (lie  action  of  nascent  hydrogen  on 
benzoic  fir  hippuvie  acid  Isec  those  acids). 

Benzyl  alcohol  is  a  colorless,  sn-otiiriv  refrnofine:,  oily  liquid,  having  a 
specific  gravity  of  1-051  at.  1-1°  C.  [("17"  I'M.  and  boiling  at  206-5°  C.  (404° 
F.).  It  is  insoluble  in  water,  but  soluble  in  all  propon.ions  in  common  al- 
cohol, ether,  acetic  acid,  ami  carbon  bisulphide.  i!y  oxygen  in  presence 
of  platinum  black,  or  by  nitric  acid,  it  is  convert ed  into  benzoic  aldehyde; 
by  aqueous  ehroiuio  acid,  into  benzoic  acid: 

C8Hs.CILpH        +         0         =         OH2        +        C„Hs.COH 
Benzyl  alcohol.  Benzoic  aldehyde. 

CjHj.CH^H         +        0,        =         OH,        -f       CeII5.CO(OH) 
Benzyl  alcohol.  Benzoic  acid. 
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Heated  with  boric  oxide,  it  is  converted  inn:,  l-.taul  oxide,  C.H-OC,!!,,  or 
(C,H,),0;  ' 

2C,H,(0H)  —  OH2  =  (C,H,)aO. 

Strong  hydrochloric-  acid  converts  it  in(n  hsnsy!.  ddcrhh,  C,H,C1  (p.  430). 
Distilled  with  acei  io  acid  and  strong  sulphuric  acid,  ii.  is  converted  into 
benzyl  acetate,  C.TI-: '.K'J  I..0  :,  a  liquid  hiiviuif  1111  m'mr  of  pears,  and  boiling 
at  210°  C.  (410  F.) 

Xylyl  Aloohol,  CsH10O  =  CsH,(OH)=C,H7.  CH,OH,  or  CfiH,(CH),.  CHs0II, 
also  called  Toltiytic  utviikoL  —  The  formation  of  this  compound  is  exactly 
analogous  to  that  of  the  preceding,  viz.:  1.  Together  with  toluio  acid, 
(CBHB0,),  by  the  nation  of  alcoholic"  purash  on  tolnic  aldehyde,  (CeHeO). 
2.  By  distilling  xylyl  chloride  fp.  4iW,i  with  potash.  Tt  is  a  white  crystal- 
Una  body,  which  melts  hetween  JH-.jJ  and  ,'i'j -J-'  0.  ( LSii"  and  140°  *'.),  and 
boils  at  217°  C.  (-1-223  I'.).     Nitric  acid  converts  il  into  toluio  aldehyde. 

Xylyl  chloride,  C,,t(,,C!,  is  obtained,  as  already  observed,  by  the  action  of 
chlorine  oil  xylene- va.mir  a  I.  hi  a;  It  temperatures ;  and  this  chloride,  treated 
with  Bulpli-hydrati:  and  polar-dam  ;-. id  1:  aide.  vieKU  -■■:,' l:il  sul/di-hi/dratc, 
C„H,(SH),  and  xylyl  s >d±,h ,,h:  (CJI,,),S. 

Cymyl  Alcohol,  C10HKO=CI()II1j(OH]=CeH11.CH1OrI,  also  called  Otmylk 

Alcohol. — This  alcoiiol',  discovered  by  Kraut,"  is  produced  by  the  action 
Of  alcoholic  potash  on  summit;  aldehyde: 

20,^0     +     KOH    ^    C10H„O3E    +     C10HHO 
Ciimimo  Potasaium  Cymyl 

aldehyde.  cumin  ate.  alcohol. 

It  ia  a.  colorless  Unpinl,  boiling  at.  248°  C.  (170"  V X  insoluble  in  water, 
soluble  in  all  proportions  in  common  alcohol  and  ether.  Nitrio  acid  con- 
verts it  into  enmiaie  arid,  Jioiled  with  alcoholic  potash,  it  is  converted  into 
l>oU:::-''iim.  cumiunte  and  ci/mene; 

3C10H14O     +     KOH    =    C10HuOjK    -f    2C10HM    +    20H2 
Cymyl  Potassium  Cymene. 

alcohol.  eliminate. 

Hydrochloric  acid  gas  converts  it  into  einu-jil  chloride,  C10H1BC1. 

Sycoceryl  Alcohol,  C19HaoO=C1BH,3(()llj=CHlvlTi.,C.lt;,OH.— Thia  com- 
pound, discovered  by  l>e  la.  line  and    .Midler,-!-  is  produced  by  tho  action  of 

alcoholic  soda  on  sycoceryl  aeet.au>  (:i  crystalline  substance  extracted  from 
the  resin  of  Ficun  riibiyinom),  and  purified  by  precipitation  with  water  or 
by  crystallization  frotii  common  alcohol.  It.  forms  very  thin  crystals  re- 
sembling caffeine,  and  melting  at  'M"  to  a  liquid  heavier  than  water.  It 
is  slowly  attacked  by  dilute  nitric  acid,  yielding  a  crystalline  mass  ap- 
parently consisting  of  a  mixture  of  /.iicnn-riti  acid,  (!]fIJ,s(i2,  and  mlroxr/coceii.c 
acid,  CyTj,!  N"0^)O...  .Moiled  with  dilute-  aqueous  cln-omio  a.eid,  it  yields  thin 
prisms,  probably  of  i-i/evc-rie  nUiehi/di;  iJlalf..sO.  With  acetyl  chloride,  it 
forms  crystalline  Xficvctryl  acetate: 

C^H^OH     +     CsHa0Cl    =    HC1     +     C,BH,DOC,HB0 
Sycoceryl  Acetyl  Sycoceryl 

alcohol.  chloride.  acetate. 

With  benzoic  acid  it  yields,  in  like  manner,  F.tieoi/ri/lhtn-j/ale,  C1BH,9OC,II60, 
which  crystallizes  in  prisms  IVnni  solution  in  benzene  or  chloroform. 

The  resin  of  Fiats  rahighuisa,  an  Australian  plant,  is  resolved  by  treat- 
ment with  alcohol,  into  about  7;J  per  cent,  of  sijcortiin,  soluble  in  cold  alcohol, 


f  Phil,  Irani.  1S60,  p.  43. 
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14  per  cent,  of  sytmceryl  acciate.  soluble  in  hot  alcohol,  and  13  percent, 
residue,  conaisting  of  caoutchouc,  sand,  and  fragments  of  bark.  Sycorc 
is  an  amorphous  white  neutral  rosin,  very  brittle  and  highly  clfi^Lrio ; 
melts  in  hoiling  water   to  :l  thick   liquid  which   floats  on  the.  surface. 

dissolves  easily  in  alcohol,  ether,  chloroform,  and  oil  of  turpentine. 


SECONDARY  AROMATIC  ALCOHOLS;  PHENOLS. 
Phenol,  CBHeO=C1.,ll.-OII.  —  Phenyl  alcohol,  'I'h'-.mc  ni:hl,Ci:rbolic<icid,Coal-tar 
'     "    "y  the  action  of  nitroua  acid  on 

CJtyNH,)     -j-    KO(OH)     =    CBH5(OH)     -f     OHs    +     N2 
Aniline.  Nitroua  Phenol. 

2.  By  the  dry  d  is!  Illation  of  sa'_ic;,  lie  acid : 

C,H603       =       CO,       +       CaH80 


It  may  be  convenient*;/  prepared  l>y  ncating  erysta''.;/.ed  salicylic  acid 
strongly  and  quickly  in  :i  glass  retort,  cither  alone  or  mixed  with  pounded 
glasa  or  quicklime.  I'heuoi  then  passes  over  into  the  receiver,  and  crys- 
tallines almost  tu  the  last  drop. 

8.  Phenol  ia  produced  in  the  dry  diminution  of  coal,  and  forma  the  chief 
Constituent  of  Die  acid  portion  of  coal-tar  oil;  this  is  1 1":  source  from  which 
it  is  moat  frequently  obtained.  Crude  coal-tar  oil  is  agitated  with  a  mix- 
ture of  slaked  lime  and  water,  the  whole  being  left  for  a  considerable  time; 
the  aqueous  liquid  is  then  separated  from  the  undissolved  nil,  decomposed 
by  hydrochloric  acid,  and  the  oily  product  thus  obtained  is  purified  by 
cautious  distillation,  the  first  third  only  being  collected.  Or  the  coal-tar 
oil  is  subjected  to  distillation  in  a  retort-  furnished  ivir.li  a  thermometer,  and 
the  portion  which  passes  over  bet  ween  I  lie  temperatures  of  ISO"  and  200°  0. 
(302°  and  390°  F.)  is  collected  apart.  This  product  is  then  mixed  with  a  hot, 
strong  solution  of  caustic  potash,  and  left  to  stand,  whereby  a  whitish, 
somewhat  crystalline,  pa-ay  mass  is  obtained,  ivhich  by  the  action  of  water 
is  resolved  into  alight  oily  liquid  and  a  dense  alkaline  solution.  The  latter 
is  withdrawn  hy  a  siphon,  decomposed  by  hydrochloric  aonl,  ami  the  sepa- 
rated oil  purified  by  contact  with  calcium  chloride,  and  redistillation. 
Lastly,  it  is  exposed  to  a  low  temperature,  and  the  crystals  formed  are 
drained  from  the  mother-liquid  and  cms  fully  preseri  ed  from  the  air. 

Pure  phenol  forms  Ion  if,  colorless,  prisma  lie  needles,  v.  hie!)  melt  at  35°  C. 
(95°  F.)  to  an  oily  liquid,  boiling  at  180°  C.  (Srifi°  F.).  and  greatly  resem- 
I'llinu-  creosote5  iti  many  particulars,  having  a  very  penetrating  odor  and 
.burning  taste,  and  attacking  the  skin  of  the  lips.  Its  ap.  gr.  is  1065.  It 
is  slightly  soluble  in  water,  freely  in  alcohol  and  ether,  and  has  no  acid 
reaction  to  test-paper.  The  crystals  absorb  moisture  with  avidity,  and 
liquefy.-]-  It  coagulates  albumen,  and  is  a  powerful  antiscpl.ie,  preserving 
meat  and  other  animal  substances  from  ilecom position,  and  even  removing 
the  fetid  odor  from  litem  after  t.liey  have  begun  (o  putrefy.      It  has  also 
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been  successfully  used  by  Mr.  ('vooUr.s  for  dost  ray  hi;:  the  infection  of  cattle 
plague.  Sulphur  and  iodine  dissolve  in  it;  nitric  acid,  chlorine,  and  bro- 
mine attack  it  with  energy,  forming  substitution-products,  all  of  which  arc 
of  acid  character:  1 1ms  h  if li  chlorine  it  lonns  the  iiti)  compounds,  CcH4Cla0 
and  CJJ-CI.O;  and  wit  li  nitric  acid  the  three  products,  CeIlfi(WO,)0, 
i.Ml.i\M.,:,(i.  and  f„irii^01)30. 

With  sulphuric  acid;  phenol  forms  muphoplunic  acid,  CcHsS04,  or  C6He 
OSOjH,  which  assumes  a  syrupy  state  in  a  dry  vacuum.  This  acid  is  to  a 
Certain  Client  a!l:)!r,mil!  in  composition  III  eiiiylsuiphui'ii!  acid,  and  i'liruis 
a  soluble  hnriuui  sab  ,  ivhicb  crystallizes   from  alcohol  in  minute  needles. 

Phenol  dissolves  in  alkalies,  ionising  salts  called  piitn-jtcs,  which,  how- 
ever, are  difficult  to  obtain  in  definite  form.  FoUtssium  phenate,  CeHBKO, 
obtained  by  heating  phenol  with  potassium,  or  with  solid  potassium  hy- 
drate, crystallines  in  line  white  noodles.  On  healing  this  potassium-com- 
pound with  iodide  of  methyl,  ethyl,  or  rimy],  double  others  are  produced, 
viz.,  methyl-phenato,  or  anise;,  (..'^tH  5Ot.''Tt.s ;  ethyl-phouate,  or  phenetol, 
C.lLOCjU.,  and  amy  1 -phenate,  or  phenamvlol,  '  v'il-.i'i',!!,,.  These  bodies 
resemble  the  mixed  oihuta  of  I  ho  ordinary  alcohols  (p.  ?/!!»)  Ln  composition 
and  mode  of  formaiiou,  but  differ  Lrroaily  from  them  in  their  behavior  with 
sulphuric  and  nitric  acids,  wit.h  which  in  i'a.et  tlmy  behave  just  like  phenol 
itself,  forming  substiLnl.ioii  pi-rn1iici.K  possessor;  achl  properties. 

Methyl  phenate.,  or  ArAsol,  <:,H„0  =  C„1UH  ll„  is  also  produced,  with  evo- 
lution of  carbon  dioxide,  by  ihe  dry  distillation  of  methyl  salicylate,  C,HS 


C)H(0,.CH,       =       CO,       +     ■  0(11,0 .  cira 

Metliyl  Methyl 

salicylate.  phenate. 

In  the  same  manner  also  may  ethyl  phenate  and  amyl  phonate  be  obtained 
from  the  corresponding  ei  tiers  of  .salicylic  acid. 

Anise!  is  a  colorless,  very  moiiile  liquid,  on  via;;  a  pleasant,  aromatic  odor, 
a  specifio  gravity  of  O-IHU  at-  15c  C,  (f>!>"  F.  i,  ami  boiling  without  decompo- 
sition at  152°  G.  {30(1°  ¥.).  If  dissolves  completely  in  strong  sulphuric 
acid,  I'ormiii;;  .<>//_/, .■■■■I'w.r.lie  ai-id,  f!.H,SOr  Fuming  nitric  aeid  acts  strongly 
on  anisol,  forming  I  liroi:  subsiiiution-prodnoi*,  each  of  which  w  lien  treat  oil 
with  a  reducing  agent,  such  as  ammoniutiL  sulphide,  yields  a  corresponding 
basic  iULiido-eoiLipiiiind  :   thus,  ■ 

C,H,(NOs)0  C3H,{NH,10 

Nit.ranisol.  Witranisidine. 

C,H8(NO?)sO  C^lHHjljO 

Dinitranisol.  Dinitranisidine. 

C,H,(ROa)30  C,Hs{HHA,0 

Trimtranisol.  Trinitranisidine. 

No  such  nubst.itut.iorL- products  are  obtained  from  the  mixed  or  compound 
ethers  nf  any  primary  alcohol. 

Phenol,  distilled  with  ;.,vj.y,/.(,n:s  p/r<t'irftk.ritlc,  yields  a  distillate  contain- 
ing a  small  quantity  of  phenyl  chloride  or  chloro-bem/ene,  C6II5C1  (p.  494), 
and  a  residue  coiiiaiuing  a  trinhonvl  phosphate,  ro^i'fl.jl,),,  or  diphenyl 
phosphate,  POi(Cjr.j.,ll' ;  but  I  he  conditions  under  which  one  or  the  other 
of  these  compounds  is  Conned  have  not  been  exactly  determined. 

Willi  benzoic  chloride,  phono!  yields  a  white,  fusible  crystalline  Cl 
consisting  of  phenyl  benzoato,  or  benzyl  phenol: 

C„H5(OH)     -f     C,H5OCI    =    HC1    +     07,11,00,11.0 
Phenol  Benzoic  Phenyl 

chloride.  beuaoate, 
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Phenol,  heated  for  a  long  time  with  aviwonia  in  sealed  tubes,  is  converted 

into  aniline,  CBH,N. 

ChloroplieiloU.— lUonoolilorophenol  ha-  not  been  obtained. 

Diddcnyphcii'.il,  or  Chiornpluju-sk  acid,  C.,.\\  ,(.'1 ,{),  in  produced  by  the  com- 
paratively feeble  action  of  chlorine  0:1  phenol,  but  is  best  obtained  by  the 
dry  distillation  of  dioHorofloliojlio  acid.  It  is  a  volatile  oil,  insoluble  in 
wu'lor,  easily  sol'.ie.ie  in  si.lcoli ul  or  ether. 

Trichlorophaiol,  or  Chli.nii-hevJ.s.i.c-  :t<;d,  f,.lLn„0,  is  the  |.ii n cip ill  product 
of  the  action  of  chlorine  on  phenol.  It  may  be  conveniently  prepared  from 
those  portions  of  crude  coal-oil  which  boil  between  Vb2D  and  204°  C.  (360° 
and  400°  F.).  The  oil  is  siU.m-LU.ud  with  chlorine,  and  distilled  in  the  open 
air,  the  first  anil  hint  pluvious  being  i-ej to  ;ei I  ;  and  Hie  product  is  again 
treated  with  chlorine  i:ii;il  iiie  whale  solidifies.  The  crystals  are  drained 
and  dissolved  in  hot  dilute  soiu'ion  of  !i::iiiicitiin  :  0:1  cooling,  the  sparingly 
soluble  amnion iu in  oblorophotiisato  crystallizes  out.  This  is  dissolved  in 
pure  water,  decomposed  by  hydrochloric  a.cid,  washed,  and  lastly  distilled. 

Chlorophenisie  acid  forms  exceedingly  line,  colorless,  silky  needles, 
which  melt  when  fre.utly  heated  :  it  bos  :>  very  peiien-aiiiig,  persistent,  anil 
characteristic  odor,  is  very  sparingly  soluble  in  water,  but  dissolves  freely 
in  alu-abol,  oilier,  ami  hot  i;oneeut;-aie<l  sulphuric  acid.  It  slowly  sublimes 
at  common  tempera  11; its,  and  distils  with  ebullition  when  strongly  heated. 
It  forms  well-defined  salts,  the  general  formula  of  which  is  C6H,MC1,0. 
Whet;  t-e.v.eil  in  alcoholic  solution  with  excess  of  chlorine,  ii  in  converted 
into  pentaclilorophcnol,  or  chlorophenusie  acid.  CyiCbU,  which  is  also 
crystalline. 

fln:>nr,j:/i-r,r:-h.— Three  bromophctuds 
and  C.lI^r.O,  bv  distillation  of  mono 
acids  ;  and  i.!l.H.tlir.jO  by  the  action  of 
first  is  liquid  ;    the  oilier  two  are  cr-yst 

lodophenote,  C,lfJQ,  C,H41„0.  and  C 
of  iodine-chloride  on  phenol. 

JVitropAmoU.— Three  of  these  eompoi: 
'    idoiioni'roph'},^,  or  A  .,0-»/ioriH."-.-'.-   n.-.ir',  v.  ,,]>..■  ..m.\,  :<_',  is  ouiaineu  uy  uisumii] 
phonol  with  very  dilute   nitric  aoii.l,  in   beautiful   yellow  needles,  soluble  ii 
ammonia  and  potash,  and  yielding  a  hr.iui  iii.l  red  silver  salt,  CGII,Ag(NOs)0. 

DmitTophmol,(ir  ^i!ir,j,li'r:.!i.ir.  bis/,  C6H,i lsO,i,0,  may  be  prepared  directly 
from  the  oil  which  is  employed  in  the  preparation  of  monoititrophcnol. 
The  oil  is  carefully  mixed  in  a.  large,  open  vessel  with  rather  more  than  its 
own  weight  of  ordinary  nitric  acirl.  The  action  is  very  violent.  The 
brownish-red  substance  produced  is  slightly  washed  with  water,  then  boiled 
with  dilute  ammonia,  and  filtered  hot.  A  lu-own  mass  remains  on  the  filter, 
which  is  preserved  io  prepare  triniti-opbonoh  and  ibe  solution  deposits  on 
cooling  a  very  impure  ammmiiaoal  salt  of  nil  I'ophcnosic  acid,  which  requires 
Several  successive  crystallizations,  after  which  it  is  decomposed  by  nitric 
acid,  oiol  the  product  is  erysta.lli/ed  from  alcohol. 

rlitrophenosio  a.cid  forms  yellow  prismatic  crystals,  very  sparingly  soluble 
even  in  boiling  water,  but  freely  soluble  in  alcohol.  It  has  no  odor.  Its 
taste,  at  first  feeble,  become-  after  n  short  time  very  hitter.  It  melts  at  104°, 
and  crystallizes  on  cooling.  In  very  small  quantity  it  may  be  distilled  with- 
out decomposition,  but  wit  en  briskly  heal  til  it  often  delonates,  but  not  vio- 
lently. The  sails  of  this  acid  arc  yellow  or  orange,  and  very  beautiful; 
they  are  mostly  soluble  in  waier,  and  detonate  feebly  when  heated. 

Trhiitrnphwad,  or  Ndroiilaiuak:  am  J —  genera M  v  called  I'krfe  add,  and  some- 
times Carbaz&t.k.  add  —  «(i)l,K30,  =  Ccff3(NT0B)jO.  —  This  acid  may  be  eco- 
nomically prepared  from  impure  nui-opiienosic  a.cid,  or  from  the  brown 
mass  insoluble  in  dlla'e  mnmunia  al"cady  ref'en-cd  to.  It  is  purified  by  a 
process  similar  to  that  employed  in  the  case  of  the  preceding  compound. 
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It  is  also  one  of  the  ultimate  pvoduois  of  the  action  of  nitric  acid  upon 
indigo  and.  numerous  other  substances,  fin  silk,  wool,  several  resins,  espe- 
cially that  of  Xantlwrrccti  A.wW/s  (ydlow  pirn  of  Botany  liny),  salicin  and 
sonio  of  its  derivatives,  coitmariii.  &.C.  it  nmy  'of  prepared  from  indigo  by 
m.  I ■  I L ;j -r  that  substance  iti  coarse  powder,  jnnl  by  -mall  proportions.  In  JO  or 
12  times  its  weight.  of  boiling  nitric  acid  ol'  sp,  fi;r.  1-iS.  When  the  last  of 
the  indigo  has  been  added,  and  the  action,  at  first  extremely  violent,  has 
become  moderate,  an  additional  qiiam  sty  of  nitric  acid  may  be  poured  upon 
the  mixture,  and  (In;  boiling  kept  up  utiti!  tin;  i: volition  of  red  fumes  nearly 
ceases.  When  cold,  the  impure  picric  acid  obtained  may  lie  removed,  con- 
verted into  potassium-salt,  several  iimt-s  rrc-yslnuizcd,  and  lastly,  decom- 
posed by  nitric  acid.  In  iho  pure  sraie  it  forms  boa  ;i;i  fill  pale-yellow  scaly 
crystals,  but  slightly  soluble  In  cold  water  ami  of  insiipportably  bitter  taste. 
Picric  acid  is  now  extensively  used  in  dyeing  yellow.  It  forms  a  series  of 
crystallizable  salts  of  a  yellow  or  orange  color.  The  potassium  salt,  C,H,K 
(NO,)aO,  forms  brilliant-  needles,  and  is  so  lirlle  soluble  in  cold  water  that 
a  solution  of  picric  acid  is  occasionally  used  as  a  precipitant,  for  potassium. 
The  alkaline  salts  of  Ibis  acid  explode  by  hum  with  extraordinary  violence. 
When  a  solution  of  piecic  acid  is  distilled  with  calcium  hypochlorite,  or  a 
mixture  of  potassium  chlorate  and  hydrochloric  acid,  an  oily  liquid  of  a 
penetrating  odor  is  obtained,  having;  a  sri.  sir.  of  Vlibo.  and  boiling  between 
114"  and  115°  C.  C-Al"  and  T-',\P  it'.).  This  substance,  rldcropieriit,  has  the 
composition  CNOX!3,  which  is  that  of  chloroform  (C1H-LJ,  having  the  hy- 
drogen replaced  by  nitryl.  Hrwriopici-iit,  <  iMU'iij  is  obtained  in  like  man- 
ner by  treating  picric  auid  with  calcium  hypobrotnitc. 

Cresol,  C,HaO  =  CeHj(CH,)  .  OH.  —  This  compound  exists,  together  with 
phenol,  in  the  so-called  coat-tar  creo-ote,  and  is  separated  by  fractional 
distillation.  It  is  also  contained,  together  with  phenol  and  other  com- 
pounds, in  the  tar  of  pine-  wood,  and  is  cbiaituvi  i  herefrom  by  treating  the 
oil  which  passes  over  in  distillation  between  loir1  and  {JilO0  (!.  (302*  and  408° 
F-),  with  weak  soda -lye  to  separate  hydrocarbons,  sop  v.- sain  rating  the  alka- 
line liquid  with  sulohurie  acid,  a:id  repealing  I  he  ■.reat.teent  with  soda-lye 
and  sulphurio  acid,  till  the  oil  becomes  perfectly  soluble  in  the  alkaline 
liquid.  The  oil  thus  oblained  is  a  mixture  of  phenol  and  cresol,  which  arc 
separated  by  fractional  distillation. 

Cresol  is  a  colorless,  strongly  refracting  liquid,  which  boils  at  203°  C. 
(397°  P.),  It  is  slightly  soluble  in  water,  and  mixes  in  all  proportions  with 
alcohol  and  ether.  It  reacts  with  potassium,  phosphorus  pentachloride, 
sulphuric  acid,  and  nitric  acid,  in  the  same  mariner  as  phenol,  forming 
analogously  constituted  compounds.  Ti-i>titrtia-/;i<>t,  or  Trinitrocresylic  acid, 
C,H6(NO,)aO,  crystallizes  in  yellow  needles  like  picric  acid:  its  potassium- 
salt,  C,H4K(NQ,)30,  in  orange -red  ueed'.e.-.  madcra;  e'y  soluble  in  water. 

Cry  sol  is  isomeric  with  benzyl  alcohol  and  with  anisol :  the  difference  of 
constitution  of  these   iheee  coutpoutids  is.  exhibited  in  the  following  dia- 

H— C— C— II  H— C— C— OH  H-  C— C— OCH, 

=4  Lh        h4  L=         hJ  Lh 

H— C^C— CII2OH  H— C=C— Off,  H— cUc— H 

Benzyl  alcohol.  Cresol.  '  Anisol. 
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A  xylylio  phenol  is  mentioned  ly  Una;.".  MTillcr*  as  occurring  in  coal-tar. 
This  is  probably  dimethyl  photicl.  inasmuch  as  products  obtained  by  de- 
structive distillation  have  hitherto  boon  limnd  to  contain  only  methyl  deriva- 
tives of  benzene.  The  portion  of  aloi'sol  (;i  product  obtained  by  distilling 
aloe?  with  lime),  iv h it'll  is  soluble  in  potash,  has,  according  to  Rembold,f 
the  en  runes  it  inn    of  a  nj'.;  lie  pacied,  and    is.    peernaps,     . i ■  ■  1 1 :  i ■. :  l :    v.  it  ii    -.'ir.ii. 

Phlorol,  an  oily  liijidd  obiainod  by  the:  dry  dissipation  of  the  barium  salt 
Of  phloretic  acid,  <W">3,  has  also   ihe   composition   Cpll,,/),  and  probably 
consists  of  ethyl-phenol,      lis  foroaiion  is  represented  by  the  equation, 
CBH10Oj        =        COa        -f         CaHwO. 

Phlorol  is  a   colorless,  strongly  celraciiui;    ni!,  bavin;?  a  specific  gravily 


!.  (54° 

dpi,,;,- 


barium  sail.      With  ■Murine  it  forms  a  siilisrit.ul ion- product.. 

lently  with  strong  nitric  acid,  forming  the  compound,  CJL[  M'lj/l. 

Ten-carbon  Phenols.  —  The  formula,  Cyfl^O,  may  evidently  include  a 
considerable  number  of  phenols  isomeric  with  cymyl  alcohol  (p.  549); 
only  one  of  those,  however,   is  known,  viz.,  thymol,  and  even  of  this  the 

exact  constitution  has  not  'neon  ascertained. 

Thymol,  CwH,,0,  is  a  crystalline  body,  occurring  fuisrerhcr  with  thymenc, 
C10H16,  and  cymenc,  C1,1iru!  in  the  volatile  ui;  of  thyme  [Tkiririue  vuii/uri!;). 
It  somerimes  (..'.ys-aiii/i.-  out  spontaneously,  and  may  in  all  eases  be  sepa- 
rated l)y  agitating  tiic  oil  v\:  ii  Suda-soli:;ion, ;  i  j  i  ■  ]  supersaturating  the  alka- 
line liquid  with  hydrochloric  acid.  It  is  also  obtained  from  the  volatile  oil 
oi  Imrse-rLiiut  ( .'■/■;;:  rr. ■■■■,''.•  i-itnr'itlii),  and  from  r  liar,  of  an  East  Indian  mil  Melli- 
ferous plant  called  PtycAotis  Ajomnn. 

Thymol  crystallizes  in  rransparen:  rtuj;nlX'Tdnl  plains,  roolting  at  44°.  It 
has  a  mild  odor,  peppery  taste,  and  boils  without  decomposition  at  220°  C. 
(428°  F-).  It  is  disiinejiished  from  cymyl  ulcniii-.l  by  yielding  with  oxidiz- 
ing agents,  not.  cuminic  acid,  but.  thymoii,  t!,,lT1602.  With  sodium  it  forms 
the  compound,  C10It,..XaO.  ivFiic.li  ahserhs  carbon  dioxide,  forming  the  so- 
dium Bait  of  thymotic  acid,  (?mIf  ,.,<.';,.  or  C,:.l  I  ,.,<>.  CO,.  Strong  sulphuric  acid 
converts  thymol  inro  ■'iiif/iii/l'ii/p/iai-i::  /id/!,  (  \.-.l  I  ,..*Or  Wirli  brnitiine  in  sun- 
shine it  yields  paiiii.'i,'!'i!:i-!/ii!.'ii'j.',  ('],Jllhir>i',();  :nnl  wit li  chlorine,  Cu,!!, ,111,0, 
or  C(0H9CljO,  accord  i  a  i;  is  the  roiiciicn  takes  place  in  Ibc  shade  ov  in  sun- 
shine ;  both  these,  as  well  as  the  brouiine-eompound,  arc  crystalline. 

There  are  two  nitro-ihyvmh,  C-,,,11  ,.,.'\0j-;.,0  and  f!tiiH1,(N01)110,  obtained 
by  the  action  of  nitric  acid  on  thymyl-sulpli uric  acid.  lio:u  form  po;ass;u;n- 
Balts,  which  crystallize  in  yellow  or  orange-yellow  needles. 


<.  Monatomio  Alcohols,  C„H20_sO,  or  CnHs„_,(OH). 

Two  only  of  these  bodies  are  known,  via.,  cinnyl  alcohol  and  cholest.erin. 

Cinnyl  Alcohol,  Styryl  Alcohol,  or  Styrone,  (^Hup,  or  0BH0OH,  is  obtained 
by  heating  styracin  or  cinnyl  cinnaiunic,  (,,]!_.;  Oi'gl!.0).  (a  compound  con- 
tained in  liquid  storax  ami  in  balsam  of  Pern.)  wiik  caustic  alkalies.  It 
Crystallizes  in  soft  silky  riood'.cs.  having  a.  siveot  laste  and  an  odor  of  hya- 
cinths, melting  al  "■'•',  and  volatilizing,  wil  liom  decomposition,  at  a  higher 
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temperature.  It  is  moderately  soluble  in  water,  frcdy  in  alcohol  and  ether. 
liv  oxidizing  ajrenls  it-  is  cam-erred  i-jl o  fii,ii.u:,ii:  -.liihluidt,  C,H90,  and  ciit- 
mimic  ttcid,  Cj,HsO„  boing  vuIeh.l-i.1  id  those  compounds  in  the  same  manner  aa 
ethyl  alcohol  to  a.celic  aldehyde  and  acetic  acid.  With  fuming  sulphuric 
acid  it.  forms  a  sulp  ho -acid,  (.\yll,!l803,  the  bar  ium-ea.lt  of  which  is  soluble 
in  water. 

ChoIeatBrin,  CaHH0  ^=  C^H^OH).  —  This  substance  is  found  in  email 
quantity  in  "various  pans  of  the  animal  system,  as  in  the  bile,  the  brain 
ami  nerves,  and  the  blooil :  il  for  ins  the  chief  ingredient  of  biliary  calculi, 
from  which  it  is  easily  extracted  by  boiliijjr  the  powdered  gall-stones  in 
strong  aleohoi,  anil  liNering  the  Mduiion  while  hut;  (in  cooling,  the  eholes- 
tei'in  crystallizes  in  bcuian:  colorless  plates.  It  is  n  fatty  substance,  in- 
soluble in  water,  la-sleloss  and  inodorous;  it.  is  freely  soluble  in  boiling 
spirit-  and  in  ether,  anil  crystallizes  from  the  alcoholic  solution  it:  I :■; : 1 1 ir L Ii j ] 
white  lamfriiB  havir;^  a  in  oilier  of-uonr',  hi-i-re.  J.i.  :ne!:s  at  137°  0.  (2TJ°  F.), 
and  sublimes  at  200°  C.  (892°  P.). 

Heated  with  sirmig  sulphuric  acid,  il  gives  up  water,  and  yields  a  res- 
inous hydrocarbon,  CS6Hlr  With  nitric  acid  il  yields  cliolesterie  acid, 
C9H1(]05,  together  v.-iih  other  [i  rod  nets.  \\  itli  chlorine  and  bromine  it  forma 
substitution-products.  Healed  to  200°  with  acetic,  butyric,  benzoic,  and 
stearic  acids,  it  forms  comjainud  ethers,  thus: 


C^H^fOH)     -f     ClaHjjO(OH) 
Cholesterin.  Stearic 


DIATOMIC  ALCOHOLS  AND  ETUEBS. 
The  diatomic  alcohols  are  derived  from  saturated  hydrocarbons  by  sub- 
stitution of  two  equivalents  of  I  ydroxyl  for  two  atoms  of  hydrogen,  anil 
may,  thareforc,  he  regarded  as  compounds  of  bivalent  alcohol  radicals  with 
two  equivalents  of  hydroxyl.  Thus  ethetie  alcohol,  LUJjOj,  may  be  formu- 
lated in  either  of  the  three  following  ways: 
CH-OH 

<CsH4)"(OH),i 


CHaOH 

the  Erst  of  which  represents  il  as  a  dcri\-a!ive  of  methane,  CH,;  the  second 

CH3 
as  a  derivative  of  ethane    |      ;  the  third  as  a  compound  of  ethene,  CSH,, 

with  hyd rosy  1 ;  or  as  derived   from  a  double  molecule  of  water,  Ha(OH),, 

by  substitution  of  eilione  for  two  atoms  of  hydrogen. 

Two  series  of  these  alcohols  are  known;   the  lirst  derived  from  the  par- 

allius,  t.lic  second  from  the  aromatic  hydrocarbons. 

1.— Diatomic  Alcohols,  C„H^.i-j02,  or  (C,Hfc)"(OH)!1. 
The  alcohols  of  this  series  are  designated  Ivy  the  generic  name  of  gly- 
cols* .  They  may  be  regarded  as  compounds  of  oieliuos  with  two  equivalents 
of  hydroxy!.      The  following  are  known: 
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I-l'lu-n.:  alcohol  .      .      .   C;H,0„  =-_-=  CJIJOU),     IiiT-ii0  !!.  iilW  l'.\ 
Propene  alcohol     .     .  C3rle<>„  =  Lyyull),     IHii'-'-JSlP  C.  (870°-372°  F.1- 
QU"Thrtae)clH1.01=C1H,(OH)1     183--1840C.  (8H--8M- 1.). 

QUinterobof,Ie?e}^H.A=  WOB),   177°  C.  (361°  P.). 

Octane  alcohol  .     .     .  C9HlsOs=  CsH16(OH)s    235°-240°C.  (4Go°-4GiDF.). 
Metheno  alcohol,  CH,(OH)j,  has  not  been  obtained. 
The  glycols  are  formed  by  the  fallowing  processes: 

1.  By  combining  an  olefino  with  bromine;  treating  the  resulting  dibro- 
mide  with  an  alooliolie  sol  .it ion  of  pntassium  acetate  or  with  silver  acetate, 
whereby  it  is  converted  int.o  a  di acetate  of  the  olefin e :  and  decomposing 
til  1.3  t.1  u : •  i ; i G i j i l ■: I  wiiii  sV.ia  ynilnsshini  hydras,  whereby  pot/is-jiiim  aiulmt 
and  a  diatomic  alcohol  are  formed,  the  latter  of  which  may  be  distilled  off. 
CH.Br  CH,OCaII,0 

-f    2AgOC!H30     =     2AgBr    +      | 
CK2Br  


Ethene  bromide.  Silver  a> 
OEfiOfifi 


CH-0 


-r       :>koc..ii..U       .      |    " 
B,OCjHaO  '  Cfl^OH 

Ethene  di-     rotassiura  Potassium  Ethene 

acetate.  hydrate.  acetate.  alcohol. 

2.  By  treating  a  monoehlorohydrale  eorrcsponftme;  to  a  iriatom'ic  alcohol 
(a  glycerin)  with  nasccul    hydrogen  .'eve'iYcd  ir-.nu  water  by  sodium  amal- 

fisii;   the  chlorine  is  then  replaced  by  hyurugen,  and  a  diatomic  alcohol 

results;  thus, 

(C,HJ'"{OH)^I    +     UK    =     HC1    +     (C3H6)'(OH)s 
Propenyl  monochloro-  Propene 

hydrate.  alcohol, 

Properties. _The  glycols  arc  colorless,  inodorous,  more  or  less  viscid 
liquids,  freely  soluble  in  water  and  alcohol;  ethene  alcohol  is  but  sparingly 
soluble  in.  ether;  the  rest  dissolves  easily  in  thai  liquid.  The  boiling  points 
of  ethene,  propone,  quariene,  and  (juintcuo  glycols,  exhibit  the  singular 
anomaly  of  becoming  lower  as  the  molecular  weight  of  the  compound  in- 
creases isec  lalile,  :d>ovo)  :  in'lcno  glycol,  however,  oxhiliirs  a  iiighor  hoil- 
i  !'!(!■  |iiiiut,  Thi-  hi..  mush  proli.ihly  a"ises  from  diiiriTiice  (if  (.-oris-  i-ii:  :c!ii  in 
the  successive  terms  of  i  lie  scries  a  I  present  known,  etbene  glycol  being  a 
primary  alcohol,  whereas  the  higher  numbers  may  lie  secondary  or  tertiary 
alcohols.  Thus  the  ethene  and  propone  glycols  probably  differ  in  consti- 
tution in  the  manner  shown  by  the  following  formulas : 

CH,OH  H8C  CHa 

1  V 

cijsoh  HOCOH 

Ethene  Propene 

alcohol.  alcohol. 

The  reactions  of  the  higher  glycols  arc  not  sufficiently  known  to  decide 

this  question  :  it  is  known,  however,  thai  propene  alcohol  heated  with  hy- 

driodio  acid,  yields  isopropyl  iodide. 

The  chemical  reaction  "of  the  g'yoids  knvo  been  svidiod  chiefly  in  the 
case  of  ethene  alcohol      They  arc,  for  the  most  part,  similar  to  those  of  the 
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mouatomic  alcohols;  but  inasmuch  as  the  glycols  conuin  (wo  atoms  of  re 

phicoable  hydrogen,  or  of  In  ilmxyl.  the   reactions  generally  take  plaee  b; 
two  stag's,  yielding    im  series  of  products. 

".   El  hen  p.  alcohol  treated  with  nitric  acid  givt>3  up  2  or  ■■)  atoms  of  hydro 


gen  in  exchange  for  oxygen,  and   is  converted  in 


according  as  the  action  take! 
CH.OH 

C11..011. 
Glycol. 


place  at  ordinary 


r at  higher 
CH,Oir 


CH2OH 
CHjOH 

.[■:nfe.!(i-- 

aicoiiol. 


+    0,   =  20Ha    +     I 


(lie  corresponding  aldehyde-   arc  also  pro- 
ctkene  alcohol,  by  removal  of  four  hydrogen- 

)  oxalic  acid  by  fusion  Willi  pti!'i.ili: 


Under  certain 

COH 

duoed,  an  glyo-xal,  \ 

COH 

filouis  hl!]i:il:i  substitution. 
Ihlicnu  alcohol  is  a.'.so  ton  yen  ed  ii 

C,H,A        +        2KOH        =        CjO-K,        4-        411, 
Ethenc  Potassium 

alcohol.  oxalate. 

Propone  glycol,  '"'jM'/*..,  is  converted  in  In  .■'■,■<>■■■<>  .-.■■■,>.'.  Cjli,/!,.  by  slow  oxida- 

lion    ill    eilnlllUl    v.-il  i]    |:]|>I  ilium   lllu::k.        When    heated   with    dilute     oil  lie  :: c i .  1 

il  yields  i/b/ciiUic  nr/.d.  losing  im  rbon  as  well  as  hydrogen  ;   and  concentrated 

nitric  acid  oxidizes  il  still  lurlbei:  lo  'italic  acid. 

Quartene  glycol,  Cjll^O,,  is  converted  by  slow  oxidation  with  nitric  acid 

info)  oxybutyria  acid,  C,Hsn.,.   and  when   I  lie  notion  is  accelerated  by  heat, 

into  oxalic  acid.      Quintem;  glycol,  <'5II   ,n.:,  likewise  yields  oxybvtyric acid  by 

slow  oxidation  with  dilute  nitric  acid. 

2.    Potassium  and  zixtiaat  eliiniiia'o  nrif  or  two  aloms  of  hydrogen  from  the 

glycols,  and  form  siibsiilulion-pnulucts.     Eilume  alcohol  is  strongly  attacked 

by  sodium,  yielding  sodium  cthtnutr..  f.yl^NaO. :   and   ibis  compound,  fused 

with    excess   of   sodium,    is    counjrl.oil     into    ili.iodv.i-m   c'Jicnatej    CjHjN&jOj. 

These    compounds,   treated  with    monatociic    alcoholic    iodides,  yield    the 

alcoholic  ethers  of  the  glycols ;  thus, 

CH.ONa  CK,OC,H, 

|  +      (W   =      Nal     +       | 

CFLOH  CILOII 

Sodium  Ethyl  Sodium  Ethyl 

ethenate.  iodide.  iodide.  ethenatc. 


CILuSa 

CHjONa 
Disodium  Ethyl 

ttjip.nato.  iodide. 


2C,H,I  =   2NaI      -f       I 


oiisor,n5 


i.'lUK:   II. 

Diethyl 

ethenan;. 


3.    Oxygen  adds,  healed  willi    glycols  in  c'.osed  vessels,  act  upon  them  in 
the  same  manner  us  upon  the   monulouiio  alcohols,  converting  them  into 

ethereal  salts  or  co»ijy'>\t»d-  .-.th.-rs,  mono  o.cbl  or  ili-jieiil,  according  to  the  pro- 
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CHsOH 

OII.OH 

CH.OH 

+ 

HOCsH30 

on, 

+ 

I 

CTT..0C'.,1T..0 

J-:tli"iT.e 

U'Cric 

Etheiie  mono- 

glyeol. 

noid. 

acetate. 

CHsOH 

cj[.,ou..n.o 

CH.OH 

+ 

2HOCsHaO 

■2011, 

+ 

I 

i;JUn\,i!..o 

Ethene 

Arctic 

KtheUO. 

glycol. 

acid. 

di-acetate. 

CHaOH 

CHaOC4H,0 

CHsOCsK 

+ 

HOC4H,0 

OH, 

+ 

I 

*o 

<::ii,oeji3o 

mono-aTot 

I3utVTl<! 

Ethene 

buiymcetate. 

The  halcad  adds  act 

.  in  the  same 

neraa 

oxygen- acids,  except 

ie  reaction  ne1 

es  beyond  ilie  hrsi  stiiuje 

;  f-s 

CTT.,011 

cn,ci 

oii./>ii 

+ 

HC1 

ona 

+ 

ctt,oh 

Ethene 

Ethene 

alcohol. 

ehloro -hydrate. 

The  bichlorinaled.  tii'iror.-.inarcil  ei  here.  &c,  resell  ine;  tVom  the  substitu- 
tion of  the  remaining  equivalent  of  hydros  I  by  lh>;  haloid  element,  may, 
however,  be  obtained  from  Hie  c-lycols  by  tin:  aciou  of  (lie  chlorides,  bro- 
mides, and  iuiiids  n  ol.  phosphorus;  e.  </., 


Ethene  Chloride.  CJi.,n ,.  has  long  been  known  !;v  the  name  of  Dutch 
lii/iti'/,  having  been  ilisooveri  ■!  by  Four  llulch  chemists  in  !T'i5.  When  i-quai 
measures  of  ethene  gas  and  chlorine  arc  mixed  over  water,  absorption  of 
the  mixture  lakes  place,  ami  a  yellowish  uily  lio.mil  is  produced,  which 
collects  upon  the  surface  of  (he  water,  and  ultimately  sinks  to  the  bottom 
in  dropa.  It  may  be  easily  prepared,  in  quantity,  by  causing  the  two  gases 
to  eombine  in  a  glass  globe,  having  a  narrow  neck  at  the  lower  part,  dip- 
ping into  a  small  bottle,  destined  to  receive  the  product.  The  two  gases 
aro  conveyed  by  separate  tubes,  and  allowed  to  mix  in  I  tie  globe,  the  ethene 
gas  being  kept  a  little  in  excess.  The.  chlorine  should  he  washed  with 
water,  and  the  ellione  passe: I  ;  lin-.ii.Eh  strong  oil  of  vitriol,  to  remove  vapor 
of  other:  the  presence  ul'  sulphurous  ami  carbonic  acids  is  not  injurious. 
Combination  takes  place  very  vapidly,  and  the  liquid  product  trickles  down 
the  sides  of  the  globe  into  the  receiver.  When  a  considerable  quantity  has 
been  collected,  it.  is  agitated,  first,  with  walor,  ami  alierward  with  concen- 
trated sulphuric  acid,  and,  lastly,  puriiied  by  distillation. 
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i    ETHERS. 


T'ure   olhene   chloride    is  a   thin,  colorless  liquid,  of  li^rooahly   ■ 
odor.  litid  sweet  taste:  it  is  slightly  soluble  in  water,  and  rendiiy  so 
liol  :.~'i  flier      J.L  is  licuvicr  tiian  water,  ami  bc.ii-  when  heated  in 
(ISO'  F,|:  it  is  unaffected  by  oil  of  vitriol,  or  solid  ■ 
|nii    .  .villi!.      When   t^tlamed,  i'  hurtis  with   a 

grcinsh,  M:...ty  light.  When  treated  with  an  alco- 
holic Rolulion  of  potash,  it  is  slowly  resolved  into 
potassium  chloride,  which  separates,  and  an  exceed- 
ingly volatile  substitute,  eimdiininff  C2H,C1,  whose 
vapor  Vfi|  us  fj  to  be  cooled  down  to  —18°  C.  (0°  F.) 

before  it :cnscs,      At  t.liis  temperature  it  forms  a 

limpid,  colorless  liquid,  Chlorine  is  absorbed  by  this 
latter  substance,  ami  it  compound  is  produced,  which 
contains  C,HjCl3:  this  is  in  turn  decomposed  by  ao 
alcoholic  solution  of  potash  into  potassium  chloride 
and  anolhcr  volatile  il  ptid,  C,1I.fl,.  T.liis  series  of 
reacii  ■•<i  i-  an  i'-~-  -■  •  to  thai  already  n oi  iced  in  the 
oase  of  the  brumiue  compounds  (p.  465). 

Pbodifcts  op  ihf  A.iTios  or  Otu.orink  ok  Etiiekb 
Chloriuk:  Culohidm  OF  Cakeon. — Eth cue  chloride 
reati.  ;.  ■  i-orb.'  r..ln:ine  gas,  and  yields  four  new 
Cooipuunris.  prmlnc<:<]  by  the  abstraction  of  successive 
portiiili?  of  fiydrfl"! v.,  and  its  repine  em  ent  by  eijuiv- 
ahuil  ipiatititios  of  chlorine  Three  out  of  the  four 
are  volatile  liquids,  containing  respectively,  t',HaCl3, 
CjHjClj.  and  C2HC15;  tint  fourth,  C„C16,  in  which  the 
stibstit.tuiou  of  chlorine  for    hydrogen    is  complete,  is 

the  chloride  of  carbon  long  ago  obtained  by  Faraday  bv  putting  Dutch  liquid 
into  a  vessel  of  chlorine  a;as,  ain.1  exposing  it  to  sunshine. 


Ciirhon  tritMoriifr,  C./!!0.  o. 


CC1, 

CClj' 


the  chlorine  analogue  of  ethane,  C2HS, 
but 


ii  a  while,  crystalline  substance,  of  aromatic  odor,  insoluble 
easily  dissolved  by  alcohol  and  ether:  it.  melts  at.  1G0°  C.  (820°  F.J,  and 
boils  at  a  temperature  a  little  above.  If  burns  with  difficulty,  and  is  not- 
altered  by  distillation  with  iiqiienus  or  alcoholic  potash. 

Its  vapor,  passed  through  n  red-hot  porcelain  lube  tilled  with  fragments 
of  glass  or  rock-cry  sin],  is  decompose!  into  free  chlorine,  and  the  dichlo- 
ridt,  CjCl,,  analogous  to  ethenc.  This  substance  condenses  iu  the  form  of 
a  volatile?  odorless  liquid,  which  bus  a  density  of  l-o7>,  and  boils  at  120° 
I"!,  il?4h?  !■'.':.  Tlie  density  of  lis  v:i.[.ur  is  trS-i  (referred  lo  air).  When 
heated  to  mf  C.  i?,'.W  V.)  with  poii.ssiuni  hydrate,  it  is  completely  con- 
verted into  potassium  clilurnle  ami  oMibihi,  with  cvolulion  of  hydrogen: 
CjCIj    +     6K01I     =    4KC1    -f     CjKjGj    +    20H,    +     Hs. 

It  absorbs  chlorine  and  bromine  in  sunshine,  forming:  in  the  one  ease  the 
trichloride,  C,C1G,  ami  on  the  other  the  ehioruiiroiuide,  CjCl4Bra,  a  white 
crystalline  body  resembling  the  trichloride. 

Carbon  ■nwnoeiilori'h;  (.:/"..,  una  logons  to  iiihiuo  or  ticetylene,  is  obtained 
by  passing  the  vapor  of  ehWoloriu  or  of  earbou-dieliloride  through  a  red- 
hot  tube.  It  forms  while  necd'es  subliming  between  l'i~r'  and  200°  C.  {iii'i" 
and  392°  F.). 

Carbon  letracklv:-bh,  C01.r  in  jit  also  be  described  in  ihis-  place,  though  it 
belongs  to  another  scries,  bciiijv  the  chlorine  iiua'oo/uc  lo  marsh-gas. 

It  is  formed  by  passing  (lie  vapor  of  carbon  bisttlphiile,  together  with 
chlorine,  through  a  re  i- hi.'  porcelain  lube.      A  mis  Lure  of  sulphur  chloride 
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and  carbon  tetrachloride  is  formed,  which  is  distilled  wish  potash,  whereby 
the  chloride  of  sulphur  is  decomposed,  and  pure  tetrachloride  passes  oyer. 
It  is  a  colorless  liquid  of  1  -fifi  sp.  jji-.,  ami  boils  at  77°  C  (170°  F.).  The 
same  compound  is  torirod  by  ex.haas:  in  si  tin:  action  of  cli  iui-iiit  nimii  marsh- 
g:is  in'  mi'i  Iiy]  chloride  in  sunshine.  An  alcoholic  solution  of  poi  ns]i  con- 
verts this  compound  into  a  mixture  of  potassium  chloride  and  carbonate. 

Ethene  Bromide  and  To'jide,  C.ilJJr^  and  (..'.,11.1,,  are  produced  by 
bringing  olefiant  gas  in  contact  with  bromine  mid  iodine.  The  bromide  is 
a  colorless  liquid,  of  ai'.vceublo  eiherenl  odor,  and  lias  a  density  of  2-16: 
it  boils  at  129-5°  C.  (265°  F.),  and  solidifies  when  cooled  to  near  —18°. 
The  iodide  is  a  colorless,  ervsiallino.  volatile  substance,  of  penetrating 
odor:  it  melts  at  79°  C.  (174°  '['.),  resists  the  action  of  .sulphuric  acid,  but 
is  decomposed  by  caustic  potash. 

The  notion  of  bromine  upon  ethene  bromide  i^ives  vise  fu  the  oi>tnpouiid 
Csn,Br„  from  which  the  other  bromine-compounds  corresponding  to  the 
chlorine  bodies  above  mentioned  may  be  obtained  by  treatment  with 
bromine. 

Ethene  bromide  acts  si.vou.uly  upon  an  alcoholic  solution  of  palaamm 
suiph-hydrale,  forming  ■■■■'/.■■.',■■■  uiipii-lii/'.iruti-  nr  f.ih.nt/-  m-/rupln!i,  C2H4(Sli),,  a 
colorless  oil,  which  is  panially  deCuM  posed  by  u'isl  illation,  and  yields,  with 
lead  acetate,  a  yellow'  preoipiia.ie  consist  iiu;  of  C.,II48.,H].  With  potaxgium 
monoiulpkide,  in  like  manner,  el  bene  bromide  forms  ethene  sulphide,  C2rI4S, 
which  c ryst.ii lli/.cs  in  white  prisms. 

The  haloid  ethers  corresponding  to  i  he  higher  glycols  are  similar  in  their 
.0  those  of  ethene  alcohol. 


Oxygen  EtHehs  OF  the  Oi.yools. —  The  ethereal  salts  of  the  glycols 
(acetates,  butyvafes,  ha.)  ai-o  decomposed  by  alkalies  in  the  same  manner 
as  those  of  the  monatomio  alcohols,  roproducin;;  the  alcohols  themselves: 
(his  is,  in  fact,  the  general  mode  of  preparing  Hie  glycols  (]>.  5o(j).  liiil 
the  mono-acid  haloid  el  hers  of  the  glycol,  a.rc  decomposed  by  alkalies  in  a 
different  manner,  sriviriti;  lip  ibe  elements  of  h vdroeblorii;,  hyilriodio,  or 
hydvobrnmli;  acids,  at:d  leaving  an    uxiiln  of  the   diaioiuic   alt.mhel-  radical ; 

(C,H,)"C1(0H)  +  KOH  =  KC1  -f-  OHs  +  (C-H,)"0 

Ethene  Ethane 

chloro-hydrate.  oxide. 

Ethene  oxide  is  isomeric  with   aldehyde   and  with  vinyl  alcohol  fp.  484). 

It  is  a  transparent,  colorless  liquid,  boiling  at  1  'i-WJ  C.  I5fi°  F.,)  (aldehyde 
boils  at  21°  C.  [70°  *'.]),  and  misciblc  in  all  proportions  with  water  and 
with  alcohol.  When  the  aqueous  solution  is  treated  with  sodium  amalgam, 
in  a  vessel  surrounded  with  a  froe/in:;  mixture,  ibe  el  bene  oxide  takes  up 
hydrogen,  and  is  converted  into  ethyl  alcohol: 

0,^0        -(-        Hs        =       CaH60. 

Ethene  oxide  unites  with  ammonia  in  Severn";  proportions,  forming  the 
following  basic  compounds,  all  of  which  are  syrupy  liquids: 

Monoxcthylenamine        .         .        .         .         .      C,H,O.NH, 

l.tioxethvlenamine (CjH40)2.N£r, 

T.-io>;otliylonamine (C,I  I.O^.Xli; 

Tctrosetbylenamine (C,H40)j.NH3. 

This  character  distinguishes  ethene  oxide  from  aldehyde,  which  forms 
with  ammonia  a  crystalline  compound  no  I  possessing  basic  properties.  A 
further  distinction  between  these  two  isomeric  bodies  is,  that  aldehyde 
forms  crystalline  compounds  with  the  acid  sulphites  of  (he  alkali-metals, 
a  properly  nol  possessed  l-.y  ethene  oxide. 
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ind  alumina  from  their  saline,  solutions,  at  100°  C.  With 
hydrochloric  add,  it  forma  ethene  ehloro  hydrate,  (C,U4)//  <  qjj,  and  with 
fiKMd'o  ari^  ethene  acetohydrate,  or  monoacetate,  (CjU,)"  J  ^^  3  .  It 
also  unites  with  water  ill  several  proportion;,  forming  glycol  and  other 
compound-  :i)  V1  koiioed  immediately. 

The  oxygen-ethers  of  the  higher  odyeoU  arc  not  much  known;  but  they 
appear  to  bo  less  disposed  n>  combine  with  w;iicr  and  a.cids  in  proportion 
as  their  molecules  become  heavier ;  thus  amykne  oxide  docs  not  appear  to 
reproduce  amyieuc  aleonol  liy  cumbiu.a!io>i  with  water. 

Polyetlienio  Alcohols.  —  Those  arc,  bodies  which  contain  the  elements  of 
two  or  more  molecules  of  ethone  oxide  combined  with  one  molecule  of 
water,  and  may  be  regarded  a.s  formed  by  the  union  of  two  or  more  mole- 
cules of  glycol  (mono-elh.-nie  alcohol),  witl.  climioaiion  of  a  number  of 
water -molecules  less  by  one  than  the  number  of  glycol  molecules  which 
enter  into  combination ;  or  as  derived  from  throe  or  more  molecules  of 
water,  by  substitution  of  ethene  for  the  whole  of  the  hydrogen  except  two 

C,HaO,  or  (CjrLV'Hjrj,  =    C,HtO.0H, 


j  aliooboi  *  Etheni 

(glycol).  oxide. 


.Kr.kon 

4C,H40.0Ha  : 


CaaH1Q+„On+,  or  (C1H1)"„H;iOlr|-1  =  bC.jHjO.OH,      =  mC-JLjO— (n—  l)Oirs 
n-athenio  alcohol.  Ethene  Glycol. 

The  polyethenic  alcohols  ore  formed:  1.  I'.y  beating  ethene  oxide  with 
water  in  sealed  tubes.  In  this  mauner  Wuriii  obtained  diethenio  aloobol 
together  with  monothenio,  and  a.  small  qua.nr.iiy  of  tri-ethenic  alcohol. — ■ 
2.  By  heating  ethouc  osidn  wirii  glycol  in  scaled  tui)Cs:  this  process  yields 
the  di- and  tri-ethonie  alcohols.--;-!.  Rv  heating  »h'fnl  with  ethene  bro- 
mide in  sealed  tubes  to  .KM)0-]  ii!)3  (.!.  {^.12°-2483  .F.).  The  first  products  of 
this  reaction  arc  diethotiic  alcohol,  ethene  bvoiuo-hydrale  and  water; 

8(C8II4)"H?0!  -fCjH.Brj   =  (CW^O,  +  2(C2H1)"Br(OH)  ■+-  OHa; 

Moncthonic  Elliene  Diothcnio  El.houc  bromo- 

alcohol.  bromide.  alcohol.  hydrate. 

and  the  other  polyoi  hcviic  iileolinls  are  formed,  each  IVum  the  one  next  be- 
low it  In  tlie  series,  by  the  action  of  ethene  broiiio-hydraie,  according  to 
(he  general  equation: 


(<-'J (,)•'„ HA -M  -f  {C,!V1)"Rr(0Ii)  --.   (aiJ,)'VhvIA-rj  +  HBr. 


,,gle 
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The  hydrobromie  add  thus  form  si]  then  acts  on  the  e-ieoss  of  glycol  present, 
reproducing  ethene  liraino-liydraLc,  ami  thus  the  action  is  continued.  By 
this  process,  the  2-,  3-,  4-,  5-,  and  ii-ethenio  alcohols  iiave  been  obtained 
and  separated  by  fractional  distillation ;  and  when  a  sufttciont  excess  of 
glycol  is  present,  the  temperature  being  kopt  between  110°  and  120°  C, 
(230°  and  248°  F.),  still  higher  member-;,  of  (.be  serins  are  produced.* 

The  polyetheiiic  alcohols  are  syrupy  liquids,  becoming  more  viscid  as 
their  molecular  weigh  I  increases  :  their  boiling  point,  vises  by  about  4&°  for 
qacli  addition  of  0,11,0. 

Diethmia  alcohol,  tyi,/).,.  or  i(yi,V'-',ll.,03.  boils  a(  about  215°  ;  the. den- 
sity of  ita  vapor  is  ;j-7S  referred  to  air  us  unity;  by  calculation  it  should 
be  3-07,  so  (hat  it  exhibits  the  normal  condensation  io  two  volumes.  By 
contact  with  platinum- black,  or  by  treat  ment.  with  nitric  acid,  it  is  oxidized 
to  diglyeollic  acid,  C.HcO-,,  an  acid  isomeric  with  malic  acid,  and  formed 
from  diethenic  alcohol  by  Hubsririiiion  of  II  for  II,,  just,  as  gly  collie  acid, 
0,11,0,,  is  formed  from  mouetbente  alcohol,  Vfi,.0.—Trietkenic  alcohol, 
CBFI.,0,,  or  (C.H.i",  1 1.,!.).,  is  o.xidi/c.d  in  iike  iaari;.i"er  io  t-Ahuic  dylycolUc  acid. 


2.— Diatomic  Phenols,  C:ill.:n  .,-.0.,. 

There  are  five  known  compound*  included  in  this  general  formula,  : 

0\y]dienol  or  Pyrocatcchin  ....   CBH6Os 

rrC'-n     w  «       \ O.HJ), 

(jua.ia.eol  Impart)        J  "    *   s 

Creosol     "I 


Ynsal  sol 


-    V-.HJ\ 


Oxyphenol,  Oxyphenic  Acid,  or  Fyrocatochin,  C6H.O,,  or  (t 

is   produced   by  heating   oxysalicylic   acid   to  210°-)il2o,  just 
produced  fr.jin  salicylic  acid: 

CjHjO,        =        COa        +        CeHfiOa; 
Oxysalicylic  acid.  Oxy  phenol. 

also  by  the  action  of  alkalies  mi  iedopheiiol : 

C„H„1(0II)         +         KOH        =        KI        +        C6H 
Iodophenol.                                                                                Oxy 
It  is  likewise  formed   hv  the  dry  distillation   of  oalechiii  (a  substance  ob- 
■       '  -  "    -'■■  ),ot  m  --'-'■'  ■'  "  


tained  from  catechu),  of  moriutannic  acid  (the  yellow  coloring  matter  of 
Mbrut  tinctoria),  and  of  wood,  whence  it  is  found  in  wood  vinegar:  it  does 
not  occur  in  coal-tar.  It  is  a  white  crystalline  tiody.  which  melts  at  111° 
or  112°  C.  (230°-2:s;-i°  l<\),  ami  volatilises  r.vtn  a;  lower  temperatures.  It 
lias  a  bitter  taste,  and  scarcely  redden?  litmus.  In  contaot  with  hydro- 
chloric acid,  it  colors  fir-wood  violet,  fr  dissolves  in  water,  alcohol,  and 
other.  The  aqueous  solution  forms  a  white  precipitate  with  lead  acetate, 
and  colors  ferric  sails  dark-green.  Nitric  'ici'l  acis  upon  it  with  violence, 
forming  oxalic  acid  and  :i  small  quantity  of  a  yellow  nil  io- compound,  prob- 
ably nitro-oxyphenol.  With  aert-iit-  c/doralc  it  forms  a  eel  oxy  phenol,  C6H5 
(CaI-IsO)05,  and  with  befoul  dd„ruh,  ben/osyphenoi,  tVir«,.;C.HsO)0„  both 
of  which  arc  crystalline  bodias. 
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are  used  for  the  preparation  of  archil  and  litmus ;  ami  is  the  general  pro- 
duct of  the  decomposition  of  cerium  aoiils  extracted  from  those  lichens 
(ocsellhiie  acid,  eryihric  acid,  S.c  )  [unlet-  I  ho  influence  of  heat  or  of  alka- 
lies. Orsallinic  acid,  (,yi80.|,  when  boiled  with  baryta-water,  splits  up  into 
carbon  dioxide  and  on-in,  just  as  (.lie  homologous  acid,  oxysalioylic  acid, 
C-ll/tj,  split*  up  into  carbon  dioxide  and  ox.y  phenol  (p.  563); 

C,Vfi4       =       CO,       +        CjHjOj 

Hence  orein  appears  to  have  the  constitution  of  a  diatomic  phenol.  To  ob- 
tain the  orein,  the  excess-  of  baryta  is  precipiiate.d  from  the  liquid  by  car- 
bonic acid,  and  the  filtrate  evaporated  to  a  small  bulk.  It  forms,  when 
pure,  large  square  prisms,  which  have  a  slightly  yellowish,  tint,  an  intensely 
sweet  taste,  and  a  high  degree  of  solubility  both  in  water  and  alcohol. 
When  heated,  it  loses  water,  and  molls  til  a  syrupy  liquid,  which  distils un- 
ohanged.  The  crystals  of  orcin  ootitain  CTlls0,.OHa.  It  forms  substitu- 
tion -products  witli  chlorine  and  bromine. 

Ohcein.— When  ammonia  is  added  to  a  soluiiou  of  orcin,  and  the  whole 
is  exposed  to  the  air,  the  liquid  assumes  a,  dark-rod  or  purple  tint  by  ab- 
sorption of  oxygen;  a  slight  excess  of  acetic  acid  then  causes  the  precipi- 
tation of  a  deep-red  powder,  not  very  soluble  in  warev.  but  freely  dissolved 
by  ammonia  and  iixed  alkalies,  with  a  purple,  or  violet  color.  This  powder 
is  an  aaotized  substance,  on-™,,  lornn'd  from  the  elements  of  the  ammonia 
and  the  orcin;  it  probably  constitutes  the.  chief  ingredient,  of  the  red  dye- 
stuff  of  the  commercial  articles  before  meni  ion  oil.  Orcein  probably  eon- 
tains  C,HjN03,  according  to  which  formula,  its  formation  from  orein,  under 
the  joint  influence  of  oxygen  and  ammonia,  may  be  represented  by  the 

C,HsOa     +     NH,     +     0,    =    C,H,N03    +     20IIj. 

Guaiacol  and  Creosol.— Gnn.in.ciim,  a  yellow  or  brown  rosin  oxudiuiz  from 
a  West  Indian  tree  (  (hiai'tcmii  •jffirhi.di),  yield*  by  dry  distillation  an  oily 
liquid,  which,  when  washen  with  w-aicr  and  rectified  at  a  moderate  hen!, 
gives  off,  first,  yituiu.c ,n<;  C,KsO,  and  afterward  a  colorless  oil  called  guaia- 
col. This  compour.il  lias  a.  srjcmlb;  ('[■:, vile  of  1-110  at  '2i°  C.  (72°  P.),  and 
boils  at  210°  C.  (410°  F.).  It  is  soluble  in  alcohol,  slightly  .Soluble  in 
water.  Nitric  acid  converts  it  into  oxalic  acid  ami  a  brown  resin.  With 
chlorine  and  bromine-  it  form-  subsl  it.iuiuu-  products.  It.  dissolves  in  potash, 
and  forms  crystal!  i?  able  salts  with  oi'oer  bases,  (iuaiacol  is  not,  however, 
a  perfectly  definite  compound,  but  a  mi  stnre  in  vary  in;;  proportions  of  the 
homologous  compound,.;  (bll^tj  ami  r,.  II.  ,/>.,■  T'oe  bit  Icr  compound  likewise 
exists  in  some  kinds  of  wood-creosote  ■    'nonce  it  is  called  creosol. 

Creosotr  Ob  Kkkosoth. — This  substance,  discovered  liy  Reichenbach, 
is  contained  in  many  kinds  of  wood-tar,  but  niosi.  abundantly  in  the  heavy 
oil  of  beech-tar,  as  obtained  from  the  wood-vinejrtir  makers.  It  is  extracted 
and  purified  by  a  series  of  processes  similar  io  (hose  employed  for  the  pre- 
paration of  phenol  or  carbolic  add  from  coal-tar  fp,  550). 

Creosote  is  a  colorless,  somewhat  viscid  oily  liquid,  of  great  refractive 
and  dispersive  power.  It  is  quite  neutral  to  test-paper;  has  a  penetrating 
and  most  peculiar  odor,  that,  namely,  of  smoked  meat,  and  a  pungent  and 
almost  insupportable  tasie  when  placed  even  in  very  small  quantity  upon 
the  tongue,  lis  density  is  1-0.57,  and  its  boiliu^-imint  about  203°  C. 
(397°  F .).  It  fakes  Sire  wit  li  difficulty,  ami  then  burns  with  a  smoky  light. 
When  quite  pure,  it  is  not  altered  by  exposure  to  I  he  air ;  hut  much  of  the 
creosote  of  commerce  a;  ra  dually  lores  brown  under  tliese  circumstances. 
100  parts  of  cold  water  fake  up  a  Inn;  I.  1  {  purl  of  creosote;  at  a  high  tem- 
perature rather  more  is  dissolved,  and  the  hot.  solution  abandons  a  portion 


o  by  Google 


564  ALCOHOLS    AND    ETHERS. 

on  cooling.  The  creosote  itself  absorbs  ivuter  also  to  a  considerable  extent,. 
In  acetic  acid  it  dissolves  isi  much  larger  quantity.  Alcohol  and  ether  mis 
with  creosote  in  nil  proportions.  Concentrated  sulphuric  acid,  by  the  aid 
of  heat,  blackens  anil  destroys  it.  Caustic  poiash  dissolves  creosote  with 
great  facility,  and  forms  wit.ii  it  ;i  compound,  which  crystallises  in  brilliant 
pearly  scales,  and  consists,  accord  in »:  to  illasiv.  eiy,*  of  p,oi  assium  creosolate, 
C8H9KOa20Hj.  When  distilled  with  dilute  sulphuric  acid,  it  yields  ereotol, 
CgJHI0O,.  By  trcaiiua;  crciisote  ivith  potassium  in  an  atmosphere  of  hydrogen, 
and  crystal  li'.int;  the  product  from  oilier,  an  acid  potassium  creosolate  is 
obtained,  consisting  of  Ca!i,KO,.  C3H10O2. 

Hlasiwetz  regards  boooh-inr  crcosoi ::  as  n  eihor  of  crcosol,  represented 
either  by  the  formula  tyyut,,  or  hy  (.,iH9li(l,.t,allluO.,  in  which  R  denotes 
II  monatomic  alcohol -ritdiuiil.  According  to  I'risch,-:-  it  consists  mainly  of 
acid  pheuylic  d'eoso!,  ty  l'u,:CJI.;,0., .  Ctll  ,,,0^.  It.  may  be  distinguished 
from  phenol  by  its  behavior  10  fosric  <-lil ■:  i-i-io.  an  nl ■.:■.:■  Indie  solution  of  that- 
Salt  producing  a  jrrceu  color  v.'iih  ereosot.c  and  brown  with  phenol;  an 
aqueous  solution  gives  no  color  ivitli  creosote  and  a  Mm.'  color  with  phenol. 
The  creosote  of  commerce  is.  however,  a  substance  of  very  variable  constj- 
tvition,  much  of  it.  being  nothing  but.  impure  phenols  (commonly  called 
coal-tar  creosote).  The  tar  of  pine-wood,  its  already  observed  (p.  553),  con- 
sists mainly  of  phenol  and  creosol. 

The  most  characteristic  properly  of  wood-creosote  is  its  extraordinary 
antiseptic  power,  which  appears  ro  be  even  greater  ill  an  that  of  phenol.  A 
piece  of  meat  steeped  to  a  very  dilute  solution  of  creosote  dries  lip  to  a 
mummy-like  substance,  but  absebitoly  refuses  toputrcfy.  The  well-known 
efficacy  of  impure  wood-i  inogar  and  of  wood  smoke  in  preserving  provisions 
is  doubtless  to  be  attributed  to  the  creosote  which  they  contain.  Eoth 
creosote  and  phenol  are  used  by  the  dentisi  for  ve'iicvii:g  toothache  arising 
from  putrefactive  decay  in.  tin:  sjbst.ance  of  llic  tooth. 

Veratrol,  CaH1(hO.,.— This  compound  is  obtained  by  disi  tiling  vcratric  acid 
(an  acid  extracted  from  the  seeds  of  Vanitntm  SiiJimiilla)  with  excess  of 
baryta  at  a  genii e  heat,  i  he  mode  nf  formation  beinp:  that  of  the  phenols  in 
general  from  the  eoevei.pondi.rji;  acids  of  die  series  G,,I12Q_ B0,. 

C,HI0Q,         =         C0S        +        C,H10O,. 
Yeratric  acid.  Teratrol. 

Veratrol  is  a  colorless  oil  bin  in;;  an  ,t  croc:;  bio  aromatic  odor,  and  specific 
gravity  1-080  at  15°;  it  solidifies  at  loc  (.:.  f.r,!P  l-Vi,  and  boils  at  202°-20ij° 
C.  (305°-^01°  P.).  Bromine  converts  it  into  dibromoveratrol,  t!BHaBr4Oj, 
which  forms  prismatic  crystals.  Nit  vie  acid  acts  strongly  upon  it,  forming 
nitroveratrol,  t'8ll5i  i\  <).,'■.<! ,.  which  crystallizes  from  alcohol  in  yellow  lamina, 
and  dmitroveratroi.  t'.UHt  >'<>..  ,.,0.„  winch  crystallises  in  yellow  needles,  melt- 
ing at  100",  and  then  volatilizing  without  decomposition. 

Anisic  Alcohol,  CslTluOa.~- Crude  anise  oil.  tlte  essential  oil  of  Pimpinella 
Annum,  contains  a  crystalline  substance,  C.„H,,0.  called  unethol  or  anise 
camphor.  This  substance  ivi.cn  o.vnli/od  nil  it  nitric  acid  is  converted  into 
anisic  aldehyde,  (;sl[sO.,,  which,  when  treated  ivilli  akuholio  potash,  takes 
up  two  atoms  of  hydro  sen  and  is  converted  into  anisis  alcohol,  CaII]0O5  (just 
as  benzoic  aldehyde,  C,lluO,  under  similar  circumstances  yields  benzyl 
alcohol,  C,H30 ;  p.  5i8i.  >knv  this  tide  id  ml,  rhouirh  ii.  contains  two  atoms  of 
oxygen,  nevertheless  behaves,  not  like  a  diatomic,  out.  like  a  inonatomic 
alcohol,  yielding  only  one  scries  of  ethers.  The  so-called  anisic  alcohol 
appears,  indeed,  to  be  really  the   methylic  ether  of  the  diatontie  alcohol, 
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C,H803,  its  formula  being  C-HjfOOH^OH ;  so  that  it  contains  only  on. 

of    replaceable  hydrogen.       I  [  %-;[i-<itr  li!i:i-li;  uci..!  gas;  k'tm  verts  it  into    U) 
responding  hydrochloric  ether,  (J,dlsOl:011),  ur  GJi^OClljCliOII). 


Triatomic  alcohols  (aay  bo  derived  from  saturated  hydrocarbons  by  sub- 
stitution of  three  equivalents  (if  hydroxy!  for  three  atoms  of  hydrogen,  and 
may  accordingly  be  regarded  as  compound*  of  Irivalcul.  alcohol  radicals 
with  three  equivalents  of  hydroxy!,  or  as  compounds  derived  from  a  triple 
molecule  of  water,  by  substitution  of  :■  rrivalonr.  radical  for  three  atoms  of 
hydrogen.  The  hydrocarbons  of  the  paraffin  series,  Onllsn-i-j,  should  ac- 
cordingly yield  a  series  of  t r i: l r o ; 1 1 i i.-  ak-oboU  of  the  form  [t!nHju_|)/'/(OH)J, 

Methenyl  alcohol CH(OH), 

EiV.c:.U  alcohol <.:„H.,.-U!!:.i 

Propenyl  alcohol CjHjOH), 

Quartenyl  alcohol C4H,(OH)s 

(Jiiijuenyl  alcohol (.'s[l,,:t![f .... 

&o.  &e. 

Of  these,  however,  only  two  are  known,  viz.,  prop/ngl  ulaihtil,  or  glycerin, 
and  quintemjl  aUohul,  or  nmgl  ytycerin.  There  are  also  iwo  or  three  bodies 
which  may  be  regarded  as  rriaiornio  phenols,  represented  by  the  general 
formula  Cyi^O.,,  or  C.Hj^OHj). 

Each  triatomio  ak-olml,  soiice; cl  10  liie  aerkm  of  acids,  or  of  the  chlo- 
rides, bromides,  or  iodides  of  phosphorus,  may  yield  (luce  classes  of  ethers, 
derived  from  it  by  substitution  of  a  halogen  element,  or  aeid  radical,  for 
part  or  the  whole  of  the  hydroxy  1 ;  thus,  from  glycerin  iyiay.be  obtained 
the  three  hydrochloric  ethers.  I'Ji-i  din  Hi  „  (yi/]l,0ll.  C,H  Cla,  and  the 
three  ncetie  ethers,  (.'EI.  iOCJU  >;.,  ill! ....  I'll.  Ui  ■di.Oi.OH,  and  CaH. 
(OC,H,0)8. 

Methenyl  Ethers.  — Molhetiy!  .nlcchol.  ClIYOir;.,,  lias  not  been  obtained; 
but  ethers  are  known  which  may  be  ilorived  i'roui  it,  by  substitution  of 
halogen  elements  for  ihe  lb  rep  equivalents  ni'  hydroxy!,  CHC13  for  example. 
These  eomp on nds,  which  may  elso  be  direoiiy  derived  from  methane,  are 
usually  distinguish":!  l>v  mi  men  endins;  in  "  l'orro,"  t.o  denote  their  relation 
to  formic  acid,  (CH)'"0(OH). 

Methenyl  Chluhidk  ok  Cin.Qiun'ojiM,  CIK'lj. — This  compound  is  pro- 
duced: 1.  Together  with  methcue  chloride.  OH^Cl,,  ndien  a  mixture  of 
chlorine  and  gaseous  methvl  chloride  is  exposed  to  the  sun's  rays. — 2.  My 
the  action  of  alkalies  on  chloral  (p.  517): 

CsHClaO        +        ICOH         =         CHClj        +        CHO^K 
Chloral.  Ctiloro-  Potassium 

form.  formate. 

3.  "By  boiling  trichloracetic  acid  with  aqueous  alkalies: 

C,HC1,0,      -f      2KOH      =      CHC1,       +       CO,Ka      +      OH, 
Trichior-  Chloro-  Potassium 

acetic  acid.  form.  carbonate. 

i.   By  tlie  action  of  nascent  hydrogen  un  carbon  tetrachloride; 
CCL         +         H,     ■    ss         HC1  -}-  CHCL.. 
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5.  By  the  action  of  hypochlorites,  or  of  chlorine,  in  presence  of  alkalies, 
on  various  organic  substances,  us  nii-lliyl.  ethyl,  and  amy]  alcohols,  acetic 
acid,  acetone,  &c.  The  reaction  is  complicated,  privily  rise  to  several  other 
products;  with  common  alcohol  ami  caLcium  hypochlorite  the  principal 
reaction  appears  to  be  — 

2C2HeO  +  SCLO/Ia  =  aCHCl3  +  2C03Ca  +  20*01,  +  CaHsOs  +  40H,. 
Chloroform  is  prepared  on  [lie  lare/e  scale  by  cautiously  distilling  together 

Sood  commercial  chloride  of  lime,  war.tr,  and  alcohol.  The  whole  product 
istils  over  with  the  first,  portions  of'  water,  no  that,  the  operation  may  be 
aooninterrupt.ee!  willi  advantage.  The  chloroform,  which  constitutes  the 
oily  portion  of  the  distillate,  is  putdtied  by  agitation  with  water,  desicca- 
(ion  with  calcium  chloride,  and  distillation  in  a  water -bath. 

Chloroform  is  a  thin,  colorless  liquid  of  agreeable  ethereal  odor,  much 
resembling  thai  of  Dutch  liquid,  and  of  a  sweetish  taste.  Its  density  is 
1-48,  and  it  boils  al  Ul°  0.  (1M°  i'-i :  the  density  of  its  vapor  (compared 
will)  ait'i  is  4-i!fj,  Chloroform  is  dilliouli  to  kindle,  and  burns  with  ii  green- 
ish flame.  It  is  nearly  insoluble  in,  water,  anji  is  not  all'ected  by  concen- 
trated sulphuric  acid.  ."When  boiled  ivirii  aqueous  potash  iu  a  closed  lube, 
it  is  converted  into  potassium  chloride  ami  formate: 

CHC1,  +  4H0K  ■  =■  3KC1  "+  CHO(OK)  +  20HS 
Chloroform.  Potassium     '  Potassium 

hydrate.  formate. 

Chloroform  is  well  known  for  its  remarkable,  effect;;  upon  the  animal 
system,  in  producing  temporary  insensibility  to  pain  when  its  vapor  is 
inhaled. 

■  Beomoform,  CII'Htj,  is  a  heavy,  volatile  liquid,  prepared  by  the  simul- 
taneous action  of  bromine  and  aqueous  nlkulies  mi  alcohol,  wood-spirit, 
and  acetone.  It  is  converted  by  caustic  potash  into  potassium  bromide 
and  formate. 

Iodoform,  CUT,,  is  a  solid,  yellow.  cry>ial!i?.alil(>  substance,  easily  ob- 
tained by  adding  alcoholic  solution  of  polash  to  tincture  of  iodine,  avoiding 
excess,  evaporating  this  whole  to  dryness,  and  (venting  the  residue  with 
water.  It  is  nearly  insoluble  in  water,  but  dissolves  in  alcohol,  and  is  de- 
composed by  alkalies  in  the  same  manner  as  the  preceding  compounds. 
Bromine  converts  it  into  l,run,in,hifori:\.  <;lll>.,L,  a  colorless  liquid  which 
solidifies  at  U°.  Iodoform  distilled  with  phosphorus  peniachloride  or  mer- 
curic chloride,  is  converted  into  dihn-ioih/vrni.  Clii'lJ,  a  colorless  liquid 
of  sp.  gr.  1*96,  which  does  not  solidify  at-  any  temperature.  Nitroform, 
CH(NOs)a,  a  body  analogous  in  torn  position  to  the  mcihenyl  ethers,  will  be 
considered  in  connection  with  Ibe  cyanogen  compounds. 

Propenyl  Alcohol,  or  Glycerin, 

CHaOH 
fOH  | 

CHOH 

,011 


l0H        L 


This  compound  is  obtained  by  the  action  of  alkalies  on  natural  fats, 
which  are,,  in  fact,  the  propenylie  others  of  certain  fatty  acids;  thus 
stearin,  one  of  the  constituents  of  mutton  suci.  consists  of  projiem/l  ;n~- 
steavale,  {OjH|.)'//;OC1Bllj,,i>)s,  a  compound  derivable  from  glycerin  itself,  by 
substitution  of  stoavvl,  (',,.  I  [..,,(>.  for  hydrogen.  Now,  when  stesirin  is 
boiled  with  a  caustic  alkali,  it'is  converted  into  a  stearate  of  the.  alkali- 
metal  and  glycerin,  thus : 
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A  similar  reaction  tai;cs  place  lvlicn  any  other  s:-r:ilurly  constituted  fat.  is 
treated  with  a  caustic  alkali.  The  metallic  salts  of  the  fatty  aoids  thus 
obtained  ore  the  well  known  bodies  called  --"Jrya,  and  the  process  is  called 
saponification;  this  farm,  oritiiTntlly  -c-l rii'lo'l  to  actual  soap-making,  has 
been  extended  to  all  eases  of  the  resolution  of  a-  compound  ether  into  an 
acid  and  an  alcohol,  such,  fur  Him]i!f,  a.s  the  conversion  of  ethyl  acetate 
into  acetic  acid  and  ethyl  alcohol  by  the  action  of  alcoholic  potash. 

Glycerin  was  originally  o  b  I  :j  i  u  i  .•  1 1  i.y  healing  togel  1 1  it  olive  or  other  suit- 
able oil,  lead  oxide,  and  water,  as  in  (lie  niatiutiU-iure  of  common  lead-plaster; 
an  insoluble  .soap  of  lead  is  tiicreby  formed,  while  the  glycerin  remains  in 
the  aqueous  liquid.  The  In  tier  is  treated  wiiii  sulphuretted  hydrogen, 
digested  with  animal  ehnreoal,  tiliereil  and  ova-noraled  in  a  vacuum  at  the 
temperature  of  the  air.  Glycerin  is  now  produced  in  very  large  quantity 
and  perfect  purity  in  the  decomposition  of  fatty  substances  by  means  of 
overheated  steam,  a  process  ■.idtioh  Mr.  George  Wilson  has  lately  intvoduced 
into  the  manufacture  of  candles."  In  this  reaction  a  fatty  aeid  and 
glycerin  are  produced  by  as-iicilat  ion  of  the  elomonls  of  water ;  they  are 
carried  over  by  (lie  excess  of  si  ram  in  a  state  of  mechanical  mixture,  which 
rapidly  separates  into  two  layers  in  the  receiver.  The- reaction  is  exactly 
similar  to  that  which  lakes  place  when  a  caustic  alkali  is  used  to  effect  the 
saponification,  e.  g. : 

CaHj(OH)a 
(.lyceri-;:' 

Glycerin  may  also  be  produced  front  propenyl  bromide,  (C3I1S) '/,Brs,  a 
compound  formed,  as  already  observed,  by  the  notion  of  bromine  on  allyl 
iodide,  C,HSI.  The  process  consists  in  converting  the  propenyl-bromide 
into  propenyl  triacetate,  iCallsi"':'t>i'.![lLiUi...  liy  the  action  of  silver  aeetate, 
and  decomposing  this  com  pound  01  her  ivit  h  potash. 

This  mode  of  formation  must  not,  however,  bo  regarded  as  an  actual 
synthesis  of  glycerin  from  compounds  of  sin, nter  constitution;  for  the 
allyl- com  pounds  are  themselves  prepared  from  glycerin  ip.  544),  and  have 
never  yet  been  obtained  from  any  other  source. 

Glycerin  is  a  nearly'  colorless  and  very  viscid  liquid,  ef  sp.  gr.  1-27,  which 
cannot  be  made  to  crystallize.  It  has  an  intensely  sweet  taste,  and  mixes 
with  water  in  alt  proportions :  its  solution  does  not  undergo  the  alcoholic 
fermentation,  but  when  mixed  with  yeast  and  kept  in  a  warm  place,  it  is 
gradually  converted  into  propionic  acid.  Glycerin  has  no  action  on  vege- 
table colors.  Exposed  lo  heat,  it  vubtili/.es  in  part,  darkens,  and  decom- 
poses, giving  otf,  amongst  other  products,  a  substance  eaded  acrolein,  G3H40, 
having  an  intensely  pungent  odor. 

Concentrated  nitrir.  (i,'.,d converts  glycerin  \»\.n  f/hivric  acid,  C3H60(.  an  acid 

related  to  glycerin   in   the  same    manner  as  g-yeullic  acid  to  glycol,   and 

acetic  acid  to  ethyl  alcohol ;  being  funned  fiann  i:  by  subs  I  itution  of  oxygeu 

for  two  atoms  of  hydrogen  in  iniincLiiate  relation  lo  hydroxy!;   thus: 

OHjOH  CH^OH 

CHOH   +   Q,   =   OH,   -f    CHOH 


:oon 


:r  ar,:l  tin  in  |insse,l  umb'r  [ire^uvc  tltroutdi  a 
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The  formula  of  glycerin  imiica'.o.;!  r Ko  possibility  of  effecting  n.  second  sub- 
stitution of  the  same  kind,  which  would  yield  di;.-lyccric  acid,  CaHa05,  but 
this  acid  lias  not  keen  actuary  obtained. 

Glycerin,  treated  witli  a  mixture  of  strong  nitric  and  sulphuric  acids, 
forms  Tutroglyeirin,  (Jjllji'.VOjljOj,  a.  heavy  oi'.y  liquid  which  explodes  power- 
fully by  percussion.  It.  in  much  u-a-d  for  blasting  in  mines  and  quarries, 
but  is  very  dangerous  to  handle,  and  has  given  rise  to  several  fatal  ac- 
cidents. 

Glycerin  combines  with  the  elements  of  sulphuric  acid,  forming  a  sul- 
pkoglgceric  acid,  t;3IiB0,,fiOjj,  which  glies  soluble  salts  with  lime,  baryta,  and 
lead  oxide. 

Monatomic  wr.ityni  U'-iih.  faeriic.  liciiimu;,  stearic.  &c),  heated  in  scaled 
tubes  with  glycerin,  yield  compound  others,  in  which  I,  2,  or  3  hydrogen- 
atoms  of  the  glycerin  arc  replaced  by  an  equivalent,  quantity  of  the  acid 
radical,  according  to  the  proportions  emploj  cd,  The  resulting  compound 
others  aro  denoted  by  names  ending  in  m;   thus: 


C,Ht(OM)2OC?H!J0       +     Oil, 


C,H6(OH)3      -f-     2HOC,H30    =     Csir..;uH  i:  Or,naO)„    +    20HS 
Glycerin.  Acetio  acid.  Diacetin. 

C„II5(OH)5      +    BKOO,HgO    =        C,Hs(OC,HsO),  +     SOU, 

Glycerin.  Acetic  acid.  Triaeetin. 

The  glyceric  ethers  or  i/hiftriih.x  thus  produced  are,  for  the  most  part, 
oily  liquids  increasing  in  viscidity  as  I  lie  tie  id  iVom  which  t.hey  arc  formed 
has  a  higher  molecular  wo'ekt  ;  these  funned  lium  riie.  higher  members  of 
the  fatty  acid  series,  !'*„  l-LJ)..  (suck  as  palmitic  ami  -acinic  acids),  are  solid 
fiits.  Some  of  Ike  tviacid  givce-ides,  produced  ; l r t ■  1  i c i m l L y  in  the  way  .just 
mentioned,  arc  identical  with  nut  mail  I'als  cecurring  in  the  bodies  of  plants 
and  animals;  thus  t.rislejirin  is  identical  with  the  stearin  of  beef  and  mutton 
suet;   triolein  with  the  olein  of  olive  oil,  &c. 

Hydrochloric  and  kydnjiromic  ore's  act  njion  glycerin  in  I  he  same  manner 
as  oxygen  acids,  excepting  that  the  reaction  always  slops  at.  the  second 
stage  (just  as  in  Ike  action  of  I  hese  aeids  on  the  glycols  it  stops  at  the  first 
stage).    The  ethers  thus  tunned  are  called  ch^nhytirii):.  ami  hromhydrins,  So., 

Cans(OH)a  +     HC1     =     0,H,(0H),C1    +    OH, 

Glycerin.  Chlorhydrin. 

CsHs(OH)a  +    2HC1  =     C3H6(0H)Clj    +     20HS 

Glycerin.  Dichlorhydriu. 

ITyihioJie  acid  acta  somewhat  (iifferently.  producing  on  ether,  C6H„I03, 
which  may  be  regarded  as  a  double  .molecule  of  glycerin,  having  four  equiv- 
alents of  hydroxvl  replaced  bv  two  atoms  of  oxygen,  and  a  fifth  by  iodine, 
e6ll„;(>.,:OH)I. 

The  chlorides  and  !irr,n>i'l-x  of  pl,,,:y,ht;r>/s  act.  upon  glycerin  in  the  same 
manner  as  hydrochloric  ami  kydrobroinio  acid,  but  their  action  goes  on  to 
the  third  stage,  producing  i  riehloiliydrin  or  propouyl  chloride  and  the  cor- 
responding bromine  compound; 

aH,{OH)Cl,    -f    PC15    =    PClaO    +    HC1     +     C,HEC13 

Dichlorhydrin.  Trichlor- 

hydrin. 

it  gh-ccrii]  in  it  lo'ally  di.ffero.nl-  miittncr,  yield- 
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(yi.OirCTj    —    HC1    =    CaH-OCl 

DieiLorhydriii.  EpioMor- 

hydrin. 
Thia  compound  may  be  regnrded  a'  flic  hvdraeldarie  ether  of  an  alcohol, 
C,H60(OfI],  called    glycide,  formed  from    glycerin  by  abstraction  of  OH2. 

Dibromhydrin,  C3n.f6tl)llr2,  treated  in  the  same  manuei-,  yields  epibrom- 
hydrin,  or  tlie  hydrobrort.ie  ether  of  jrlvci"To,  O.stfr)01ir.  Epichlorhydrin 
heated  with  dry  poias>ium  iodide  is  u;iuvl;i-s  1.-1I  ini  u  epi  iwlhy  drift,  C.J.I ,}M: 

C5H60C1    +    KI    =    KC1    +    OjHjOI. 

These  glve-Mic  ethers  are  easily  ret  Oliver  ted  into  bodies  of  tho  glycerin 
type.  Thus  epiehlorliYi.irin  coiuijiries  with  acetic  acid,  forming  ylycerie 
acetochlorkydrin ; 

(C.fy'ClO     +     rIOC,H30    = 
Epiehlor-  Aoeiio  aeid, 

hydriu. 
and  with  alcohol,  in  like  !iuim;cv,  r. j i ■  1 1 1 1 : 1  y  -rfjicrU;  i^,-;h-:,!nritt/drin,  ((.'.|HrV'" 
CI(OH)(OC,HA 

i']pleiil«vli\'ii.iu  unites  direetlv  -,vvli  water,  fijniiiusj;  i/'-i.'ccrte  munucl dor  hy- 
driu, r„IIs(OH)jCL 

PoxtglyCeriNs. — Two,  three,  or  mere  molecules  of  glycerin  can  unite 
into  a  single  molecule.  wiii;  eliu:;nalion  of  a  number  of  water  molecules 
less  by  one  than  the  number  of  glycerin  molecules;  v.diieh  combine  together ; 

«WOH),    -   OHa         =     (W",{(q^ 

Glycerin,  Diglycerin. 

SC3H6(OII)3  -    20Ha  =       (W"»{(OH), 

Glycerin.  Triglyceriu. 

Generally : 

„C,II,(OH),  _     (»_l)OH,   _  (<Vy.{(OH)-+, 

The  product  is  a  polyfkeor'm  whose  atomicity  (determined  by  the  num- 
ber of  equivalents  of  hvi.lriny)  contained  in  it)  is  B+2. 

The  mode  of  preparing  die  Li;i'.ye'y:.-eriii;  is  .-imiiar  to  that  of  the  poly- 
othenic  aleohols  (p.  fail ),  ami  consists  in  heating  glyceriu  with  ehlorhydrin, 
whereby  diglycerin  and  hydrochloric  acid  are  formed  : 

HCI 

The  hydvochlorie  acid  Jims  formed  converts  a  fresh  quantity  0"  g\-eevin 
into  ehlorhydrin,  which  tlieti  uels  in  si  similar  manner  on  the  diglycerin 
and  converts  it  into  iriadveerin,  and  in  tins  insuiiier  the  process  is  con- 
tinued. The  poiyg'.yeerins  may  then  be  separated  by  fractional  distilla- 
tion.    Their  properties  are  hot  tittle  known. 

aninteayl  Alcohol,   or  Amyl    Glycerin,  C5H-1J0!1=(C(Hs,y"(OH)3.— This 
compound  is  formed  from  bromoquiutone  dibi  m   ids,  CjH8Br.  Br,,,  or  quin- 
tenyl  bromide,  C0Hfil$r3,  by  the  socio?  of  jiruoes.-cs  represented  in  tho   fol- 
lowing equations: 
48* 
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>sDr,  +  2AgOC,H,0   =   2AgBr   +  (C,BI,)'"{  C°^>°)> 
uintenyl  Silver  Silver  Qulntenyl  fliaoeto- 

romide.  acetate.  bromide.  bro:nhydrm. 

.Ha)'"{(OC^»°)»  +  2KOH=:  2KOC2HaO  +  <W"H^» 

uintenyl  diaccto-        Potassium     Potassium  Quintenyl 

bromhydrin.  hydrate.         acetate,  bromhydrin. 


(C5H9)"-,j*^^    +     KOH     =      KBr  +  (C6H9)'"(OH)3 
Quintenyl  Quintenyl 

bromhydrin.  alcohol. 

\  thick  colorless  liquid,  haying  a  sweet 


Triatomic  Phenols. 

There  are  three  compounds  represented  by  the  formula  C6Ha03,  and 
exhibiting  a  cerium  relationship  tu  I  be  phenols  ;   these  are  : 

1,  I'lirtif/allol;  or  .I'l/rtj'jtiili.c  arid,  produced  by  the  action  of  heat  on  gallic 
(iLiosjfiiiiic^-lie)  acid: 

C,H,Os        =        C02        +        Gftfl.; 
Gallic  Pyrogallic 

acid.  acid, 

also,  together  with  gallic  acid,  liy  the  action  of  hot  caustic  potash  On  di- 
iodo  salicylic  acid,  C.lljl,Oj.  It.  is  coiivcniciit.lv  prepared  by  heating  a 
dried  aqueous  extract  of  gall-nuts  to  le,0°-18.'.°  (.'.  (to<i°-3G5°  F.)  in  an 
iron  pot  covered  with  a  paper  cap.  II  then  sublimes  and  condenses  on  the 
enp  it!  Inns;  flattened  prisms. 

i'vvogaUic  acid  is  soluble  in  water,  aleukol,  and  ether;  It  melts  nt  115° 
C.  (239°  F.),  boils  at  210°  C.  (110"  F.j,  and  decomposes  at  250°  C.  (482° 
F,),  giving  off  water  and  leaving  a  residue  of  oiniupillk  arid,  >.!eU/)„.  It- 
dissolves  in  caustic  put  ash  or  soda,  form  ins;  a  solution  which  quickly  ab- 
sorbs oxygen  from  the  air,  and  turns  blade:  this  solution  forms  a  very 
convenient  reagent  for  the  eiulimue.tric  analysis  of  air  (p.  155).  With 
solutions,  of  pure  ferrous  sails  it  produces  a  fine  blue  color,  but  the  smallest 
trace  of  ferric  salt  changes  the  tint  to  green.  With  bromine,  pyrogallic 
acid  forms  a  substiuiuou-pi-odncl  containing  C,dI,,BraOj. 

2.  riil.riroijlu.dn. — Phlorizin,  or  phloridziu,  n.  crystalline  substance,  exist- 
!r  ready-formed  in  the   root-bark  of  the-    apple,  pear,  plum,  and  cherry- 

-  .      ■-.  .    ;oso>  nII,j   another 


o  phloretb 
C„HeO> 

FhloLO- 

gluem. 


y/  Google 


TETRATOMIC    ALCOHOLS    AND    ETHERS. 


3.  Frimffulin. — This  is  a  yellow  crysla'U/.nble  substance,  contained  in 
the  bark  of  tlie  berry -bsju-rmg  ii.iiitii'  {jiliamnm  fraiv/xl-tr).  It  is  insoluble  in 
water,  slightly  soluble  in  warm  aleobol  ami  ellicr,  soluble  in  fixed  oils, 
benzene,  and  oil  of  turpentine.  I'mnm;;  nitric  acid  dissolves  it,  forming 
Jxalic  acid,  and  an  acid  called  )uleofiui,j\dk  '.tad,  said  to  contain C^Hj^O^. 


T  KT.il  VIOHIC  ALCOHOLS  AND  E 


ErythritB,  C4nil,0J=(Clni.)"(0H)4.  also  enlkd  Er,!t!iromannUe,  Erythro- 
ghttin,  and  Phycitc,  is  t.hc  tei.rauunic  aluohol  eumsspondirig  to  quarl-y!  aloo- 
liol.    CjH^O,   and   quart.y!  glycol,   C.il^O.;   the  corresponding   glycerin  is 

Erylhrite  is  a  saccharic  !u:]<tii:iK,  existing  rcudyToniit'd  in  Protococcut 
vulgaris.  It  was  originally  discovered  by  ].lr.  Stcnhause  among  the  pro- 
ducts of  decomposition  nf  cryihric  ncid.:;  Ii  crysi:dl:/es  in  large  trans- 
parent prisms,  is  readily  sobuile  in  water,  sprtringly  soluble  in  alcohol, 
insoluble  in  ether;  nol  form  em  able.  Heated  wi:h  h-jdihdk  acid,  it  yields 
secondary  quart; !  iodide,  t',11. ,1  (p.  534): 

C»H,„04        +         7IH        =        CtH3I         +        40Ha        -f-        3Ia. 

Heated  with  oxgg'-n  nsi/h,  it  forms  r  run  pound  ethers,  in  rho  manner  of  alco- 
hols in  general:  thus,  with  brnzok  add,  tl.H. .<'!.„  or  1I0C,HS0,  it  forms  a 
dibenmate,  {C,II8)it(UIl).)!OC,lli,():u,  and  a'hAberLzi.rilc,  (<;4UD)iv(OC,HsO)4. 
2C7H6Os,  consisting  of  neutral  lien/.nyl-erylhrite  united  with  two  molecules 
of  benzoic  acid. 

Propylphycite,  C,TlB04=(CaH4)1'(OH).,.  — This  ale ohol  is  obtained  synthet- 
ically by  the  following  series  of  processes:  1.  lipiclilorhydrin  which 
Combines  with  hypochlorous  acid,  forming  the  dichlorhydrin  of  propyl- 
phycite : 

C3HsOCl  +  C10II  =  (C.H-'fOUOH), 

Bpicblor-  Hypo-  DiohShrhydrin  of 

hy driii.  chlorous  acid.  propylphycite. 

2.  This  dichlorlrydriu.  treated  with  silver  acetate, 
corresponding  riiiic'et.iii,  (<ii,II,)"(0(;;lUsO)JI(OH) „.  —  it 
with  aqueous  potash,  yield's  (he  lotratinnic  alcohol. 

Propyl  pliyest.fi  is  a  colorless,  solid,  amorphous  mass,  which  deliquesces 
in  the  air  to  a  glutinous  liquid.  It  has  r:  s'^eeiish  taste,  dissolves  easily  in 
alcohol,  and  resembles  oryt.lirilo  in  irs  idiomi^s!  r  Marions.  With  fuming 
nitric  acid,  il  forms  n.'ir'ipi-npii'j/h'/i!/"..  C,ll,(NOs)04. 

Carbon  tetrachloride.  CC1,.  may  he  regarded  as  a  iotraiomie  ether;  the 
corresponding  aleoiiol,  Ci011)4,  is  tlLcurclically  pus-;i'ilc,  but  is  not  actually 
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Pinile  and  qusrcite,  uvu  saccharine  "u'istauces  having  the  composition 
CsHnOs,  probably  belong  to  this  class  oi"  hi.uiio.s.  inasmuch  as  they  produce 
ethers  when  treated  with  a  tills,  and  1 he  atomicity  of  an  alcohol  —  that  is  to 
say,  the  number  of  replaceable  hydrogen-atoms  whidi  it  contains  —  is  equal 
lo  the  number  of  oxygen-  atoms  in  its  molecule  ;  such  indeed  is  the  case  with 
all  the  alcohols  described  in  the  preceding  pages. 

Finite  is  contained  in  (he  sap  of  it  I'alifu.rniau  pine  [I'hrus  Lamberl.iana), 
ami  is  deposited  from  the  aqiii  ons  cm  met.  of  l  he  hardened  juice,  in  hard 
white  crystalline  nodtdos.  as  sweet  as  sugar-candy,  very  soluble  in  water, 
nearly  insoluble  in  alcohol.  It  turns  tlie  plane,  of  tm'.:.  ri/a.tion  of  a  luminous 
ray  to  the  right;  is  not  fermontahle.  Willi  h/mzoie.  add  it  forms  dibenio- 
pmitc,  CaH,(OC,H6O)j(0H)3,  and  tetrabenxyiniti,  <yiT:;0G,IIs0)4(OH) ;  and 
similar  compounds  'villi  stearic  acid.  ... 

Quertite  is  a  saccharine  substance  extracted  from  acorns,  by  treating  the 
aqueous  infusion  with  milk  of  lime  I o  remove  tannic  acid,  leaving  the  liquid 
to  ferment  with  yeast  to  remuvo  fcrmenta-lile  susar.  evuyio  rating  the  filtrate 
to  a  syrup,  and  lost  vino;  it  lo  crysiaili/e.  It  levies  hard  monoelinic  crystals, 
which  grate  between  the  teeth,  itud  are  soluble  itt  water  and  in  hot.  dilute 
alcohol.  Healed  in  a  sealed  I  ubo  vn'.h  !,(>■:»&  ark;,  it  t'orins  dibenzoquerciie, 
C6H;(OC,H60)2(OH)3, 


Trr.v  M-.ji:ri'  a  ij  nir.  .is  wn  i:-j-i  i  i:i{..~. 


This  class  of  compounds  includes  iilom  of  the  saccharine  substances  found 
in  plants,  and  others  produced  fvt.no  thorn  }>y  artificial  transformation.  Two 
of  the  natural  sugar;,  vwimiiis  and  linh-ii'-.  having  the  composition  CjH^O^ 
or  {CsH8)Ti(OH),.,  are  saturated  hoxatomio  alcohols  derived  from  the  satu- 
rated hydrocarbon,  CSH1V  Several  others,  called  at  news,  contain  C„Hls06, 
that  is  to  say,  two  atoms  of  hydrogen  less  than  mattuite  and  dulcite,  and 
may  therefore  be  regarded  —  so  far  as  composition  is  concerned  — as  the 
aldehydes  of  those  alcohols;  moreover,  ordinary  glucose  (grape- sugar)  is 
converted  into  mittmite  by  Ihe  action  of  nascent,  hydrogen,  just  as  acetic 
aldehyde,  C„H,0,  is  converted  inlo  eommon  alcehol.  t'..il60.  Further,  there 
nre  diglucosk  alcohol::,  ('],H,.,(11I(=  *VJ,A  —  OH,i.  related  to  the  glucoses 
in  the  same  manner  its  dietnenio  aleolml  io  glyCul.  or  diglycorin  to  glycerin: 
the  most  important  of  thene  ;ive  ctt»s-.->ii:/i.','  ara  mill  ;■.■(;/(.'■,-;  and,  lastly,  there 
are  certain  vegetable  products  —  via.,  n/arrh.  rtUnlof!.  and  it  few  others,  re- 
presented by  the  formula  C6H [„<>.,,  or  multiples  thereof  which  may  be  re- 
garded as  the  oxygon-others  or  an  Ik  d  rides  of  the  glucoses,  or  of  the  diglu- 
cosio  alcohols,  inasmuch  its  ■.  I  icy  uiilor  I  herefrom  by  a  molecule  of  water. 


s,m;iiATEn  tikxatow.i  at/miujt.s. 

Mannito,  CaH„0B  =  (CeHe)  (Oil),.  —  This  is  the  chief  component  of  manna, 
an  exudation  from  a  species  of  ash  :  jl  is  also  found  in  I  lie  juice  of  certain 
other  plants,  in  several  sea-weeds,  ami  in  mushrooms.  It  is  best  prepared 
by  treating  manna,  vvith  boiling  alcohol,  and  filtering  the  solution  while 
hot;  it  then  crystallines  ott  cooling  in  tuffs  of  slender  needles.  Hannite 
may  be  produced  artificially  hv  treating  a  soluiiou  of  glucose  with  sodium 
amalgam,  the  glucose  1  lien  faking  up  2  a  km  is  of  hydrogen  : 


CflHijO,        +         H,        =        0»Hl4Oe. 
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Tile  same  transformation  of  g'.ocuie  Sonne,  hue J.  takes  place  under  the  notion 
of  certain  ferments. 

Mannite  crystal  li/os  in  thin  four-sided  [h-1p  hip.  easily  soluble  in  water  and 
in  not  alcohol,  insoluble  in  ether.  It  is  slightly  aweet,  has  no  action  on 
polarized  light,  ami  is  mjt  fermentable  exec  pi  under  very  unusual  conditions. 

By  oxidation  in  contact  wj.iii  ^ti(<«»i.'<  i.'i.'c*.  mannile  is  converted  into 
matmitK  acid,  CeIl,,,0T,  and  tuamwuse.,  I'6H].,'-V  "  kind  of  sugar  isomeric  with 
glucose.  By  oxidation  with  nitric  arid  it  yields  s-ictfianc  acid,  CflHu,  and 
ultimately  oira&e  «<s<£  Mannitie  acid  and  saccharic  acid  are  related  to 
mannite  in  the  same  manner  :b  glycollic  acid  and  oxalic  acid  to  glycol;  the 
relation  but- "-eon  ;hc  iliroo  coin  pir.ii  ids  is  shoe,  n  by  the  following  for  ill  i  Isis  ; 


CHaOH 

CO  0.1 1 
CHOH 

OIIOII 

ciion 
en  on 

coon 

CHOH 

C1I0II 

CHOH 

CHOH 

CHOH 

CI  [OH 

CHaOH 
■Mii!.iii:e-. 

C1I0 11 

CHOH 
COOH 

Hiiiiidi'iriu 

CHsOH 

Mimnitic 

By  fuming  nitric  acid,  or  more  ca-i':y  by  a  nil x lure  of  i,.i.trk  and  sulphuric 
acids,  mannite  is  converted  into  mlrcmanniti:,  1^11  B(M >,),.()(,  a  crystalline 
hody,  which  explodes  violcnily  by  percussion  or  '.vheii  suddenly  healed, 
and  is  reconverted  inlo  maunite  by  ammonium  sulpbide.  With  sulphuric 
acid  mannite  forms  sidfilw-mininilh  an,./,  Cjll'.^O,,.  3S0,. 

Mannite,  treated  with  hydrii.dlc  if-iil.  is  converted  into  secondary  hexyl 
iodide,  iir  Jioxylenc  hjdriodidc  (p.  o39J: 

C*H„0.    +     HHI     =     C6II.,I     +     60H.    +     5L 
Manriito.  Heiyl 

iodide, 

Mannite,  heated  with  organic  adds,  forms  compound  ethers,  after  (he 
maimer  of  alcohols  in  general,  the  elements  of  the  mimii/s  and  tiie  acid 
uniting  together,  with  eliiui nation  of  one  or  more  molecules  of  water.  The 
resulting  compounds,  culled  i.w.-ii.  <<('«■'■/:■«.  boar  a  considerable  resemblance 
to  the  fats;   but  limit-  coniposkien  tins  nat  Incu  very  exactly  determined. 

These  ethers,  when  saponified  ivii.li  alkalies,  yield,  nut  mannite,  but  man- 
nitan,  CsH„06,  a  compound  d::i"i-i-:iij;  from  man  idle  by  one  molecule  of  water. 
The  same  compound  is  obtained  in  smalt  (jiianr.iry  by  Injuring  mannite  to 
200°  C.  (392°  F.J,  ami  more  easily  by  prolonged  boiling  of  mannite  with 
strong  hydrochloric  acid.  It.  is  a  syrupy  liquid,  which  volatilizes  slowly 
at  140°  C.  (284°  F.),  and  dissolves  easily  in  water  and  iu  cold  absolute 
alcohol:  this  last  propel  ty  affords  lhe  means  of  sopa.ra.ting  it,  from  mannite. 
When  exposed  to  the  air,  it  slovv-ly  absorbs  water,  and  is  reconverted  into 
mannite;  the  change  is  acce'eraied  by  boding  with  aeids  or  with  alkalies. 

Mannite,  boiled  «"ith  iii/i'/rie  acid,  pivos  up  Inn  molecules  of  water,  and 
is  converted  inlo  ■m-ii.i.id, .  i  ,-Hi(|tJ4.  ■. -.  1 1 1 . j L j  is  also  ;i  syrupy  liquid,  but  differs 
from,  mannitan  in  being'  tnueh  mure  volaiile,  evaporating  rapidly  at  140", 
and  in  being  quickly  reconverted  Lino  niantijte  by  exposure  to  moist  air, 
Jt  dissolves  easily  in  water  and  in  absolute  alcohol. 

Dulcite,  CBir|406,  also  called  Dith.in,  It-dr.-.i/r-,  and  Mclampyrite. — This  sugar, 

Huston  by  CjOOQIC 


574  HEXATOMIC    ALCOHOLS    AND    ETHERS. 

isomeric  with  matmitc,  is  obiaineil  from  a  crvslalline  substance,  of  unknown 
origin,  imported  from  Miidagnscar :  it  is  cxiraoicd  therefrom  by  boiling 
with  water,  and  crystallizes  from  tlio  likcrcd  solution.  Dulcite  is  likewise 
obtained  from  JHolii/aii^ruM  nwirosiwi,  by  mixing  (lie  aqueous  decoction 
of  the  plant  Willi  lime,  eeneeulrathij;,  adding  hydrochloric  u.cid  in  plight 
excess,  and  evaporating  a  little ;   it.  then  scpnriKes  in  crystals  as  the  liquid 

Dulcite  is  a  sweet.  substance  resembling  n:  in  nit  e  in  most  of  its  properties, 
but  differing  from  it  in  its  crystalline  form,  which  in  that,  of  a  monoclinic 
prism,  whereas  the  crystals  of  maunite  sire  li-imetrie ;  and  also  in  its  melt- 
ing point,  dulcite  melting  at  182°  (.:.  (SOU"  I:,),  Bunnilc  at  165° C.  (329°  J'.), 
ami  by  yielding,  when  oxidized  with  nitric  aeid,  not  saocharic  acid,  but 
mucic  acid,  wliicli  is  isomeric  therewith.  Heated  with  organic  acids,  it 
forms  ethers  called  dtiLoitiimdos,  analogous  la  I  lie  Ht'iiM'timides,  and  yielding 
by  saponification,  not  dulcite,  bin  dn:--iru:.  f'eir,.,()s.  which  may  likewise  be 
obtained  by  heating  duSciie  or  by  boiling  it  with  hydrochloric  aeid. 

Taodtilcite,  C6HH06,  or  tV'iAi'  '-''"'j.  !1  saccharine  substance  isomeric  with 
mannite  and  dulcite,  is  |iroduoed,  according  to  Nlissiwelz  and  Pfaundler,* 
by  (lie  notion  of  dilute  a.eid  on  rpiovcilriu  (p.  00(1).  Tt  forms  large  (rans- 
parent,  regularly  developed  evysia's  resembling  those  of  cane-sugar:  it  is 
Sweeter  than  grape-sugar,  tie:  fermentable,  dissoUc s  it)  "■()!>  parts  of  water  at 
IS"  C.  (fit"  1'.),  and  easily  iuabso!nie  alcohol.  Tbe  solutions  turn  the  plane 
of  polarization  to  the  right.  Isodn'.cito  melts  with  loss  of  water  between 
105°  and  lll)°'C.  (221°-2B0°  F.),  is  colored  yellow  or  brown  by  strong  sul- 
phurio  acid  and  causlic  alkalies,  and  reduce"  cuprie  oxide.  By  a  mixture 
Of  nitric  and  sulphuric  acids.,  it  is  converted  into  a  slightly  explosive  nitro- 
compound, C6Hs(rlO2)a0„. 


GLUCOSES,  0,11,  A 

The  Sugars  included  in  this  formula  may  lie  regarded  as  aldehydes  of  the 
saturated  alcohols,  C61IU06.  Ordinary  glucose  i  grape  sugar)  is  converted 
into  mannite  by  the  neuou  of  nasecnl  'hydrogen  ip.  <:>T^;,  and,  on  the  other 
hand,  mannite  when  slowly  oxidized  in  ooulaet.  wish  platinum  black  is 
partly  oon  verted  into  mtinuiloso.  Xevcrl  belcss,  ihc  glucoses  still  exliibit 
the  characteristic  property  of  alcohols,  namely,  that  of  forming  ethers  by 
combination  wilh  acids  and  eiimi  nation  of  water.  The  formula  of  a  glucose 
may  indeed  be  derived  from  (hat  of  mnnnile  given  on  page  673,  by  remov- 
ing two  hydrogen-atoms  from  one  of  the  groups.  CIL.OH.,  the  other  groups 
remaining  as  before;  the  glucoses  may  therefore  be  expected  to  act  as  pen- 
tat  omic  alcohols.      liodtes  thus  cons:  j  in  led  may  be  called  nl.ro/ioltc  alihliydeit. 

The  following  varieties  of  glucose  are  known  : 

1.  Ordinary  ybirns.:  produced  by  hydration  ol'  slarch  under  the  influence 
of  dilute  acids  or  of  diastase,  and  existing  ready-formed,  together  with 
other  kinds  of  sugar,  in  honey  ami  various  IVuiis,  especially  in  gropes,  and 
alone  in  diabetic  mine. 

2,  Maltose,  produced  by  (he  limited  nciion  of  diastase  on  starch,  and 
dilfering  from  glucose  only  in  its  optical  rotatory  power. 

<i.  I.hvuLosr,  existing  in  cane-sugar  which  has  been  acted  upon  by  acids, 
and  obtained  pure  by  the  action  of  dilute  acids  upon  a  variety  of  starch 
called  imilin. 

4.  JlJ.nriii'hisc,  produced  by  oxidation  of  mannite. 

5.  Gaiacifixi,  formed  by  the  action  of  acids  on  milk-sugar. 
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f>.    Inns'de,  existing  in  muscular  flesh. 

H.  Eucahjn,  existing,  i.oyi>L-liur  with  another  Vind  of  sugar,  in  toe  so-called 
An si nil i. 'in  manna. 

The  first  four  of  those  ;^1  u.-.-.-ort  exiiiV.i:  bid  very  s'iguily  diversity  in  their 
chemical  properties,  dilferiug  chiefly  indeed  in  Iheir  action  on  polariied 
light,  and  a  few  other  physical  proporlios.  They  all  yield  saccharic  acid 
by  oxidation.  fialeoiose  differs  from  them  in  yieniiug  mucin  acid  when 
oxidized.  Inosile,  sorbin,  and  euculyn  exhibit  slid  greater  differences  in 
their  chemical  properties,  especially  in  lie:  beino;  i'oL'i:nut.a>>!e  except  under 
very  peculiar  circumstances,  whereas  I  he  live  oilier  glucoses  undergo  vinous 
fermentation  when  placed  under  certain  euudil  ions  in  contact  with  yeast. 

All  the  giuaoses,  escept  inosite,  are  decomposed  by  boiling  with  aqueous 
alkalies  ;  this  proper:  y  dii-i  iug-.iishes  Hi  cm  from  :;mu'iite  and  dulcite.  They 
are  not  carbonized  by  strong  sulphorie  acid  ar  o-oiiinry  Temperatures.  When 
boiled  with  a  solution  of  polassio-cuprio  tartrate,  they  throw  down  the 
copper  in  the  form  of  red  cuprous  oxide. 

1.  Ordinary  Glucose,  Dextro- glucose,  Dextrose.  C9H,j04.  OH,.  —This  va- 
riety of  sugar  is  very  abundantly  diffused  through  ihu  vegetable  kingdom: 
it  may  be  extracted  in  large  qnnmity  [turn  iho  juice  of  sweet  grapes  (whence 
it  is  often  culled  pra/ir-su'/nr).  mid  also  from  honey,  of  which  it  forms  the 
solid  crystalline  portion,  by  washing  willi  colli  alcohol,  which  dissolves  the 
fluid  syrup.  The  appearance  of  this  sub-ranee,  to  an  enormous  extent,  in 
the  urine,  is  the  most  characteristic  fe;i:tnre  of  the  disease  called  diabetes. 
It  exists  in  d label  ic  urine  unmixed  with  any  other  kind  of  sugar,  and  is 
easily  obtained  by  concentrating  the  liquid  till  it  crystallizes,  washing  the 
crystals  with  cold  alcohol,  dissolving  i Hetti  in  water ,  and  re-crystallizing. 
It  may  also  be  prepared  from  starch  by  the  notion  of  diastase,  a  peculiar 
ferment  existing  in  {Terminal  in-  barley,  or  by  boiling  with  dilute  sulphuric 
acid.  In  these  reactions  l-iie  staveh  takes,  u]i  the  elements  of  water,  and  is 
resolved  into  glucose  ami  dextrin,  a  compound  Isomeric  with  starch  itself, 
the  transformation  being  exactly  similar  to  the  saponification  of  a  fat  under 
the  influence  of  alkalies: 

BCaH^Oj        +        OH..        =        C„HuOj        +        2CflHlr,05 
Starch.  Glucose.  Dextrin. 

Glucose  is  alwoys  prepared  froni  siareh  when  required  in  considerable 
quantity.  The  mode  of  preparation  will  lie  described  in  connection  with 
starch.  Cellulose  is  likewise  converted  into  glucose  by  the  action  of  acids 
(p.  000).  Lastly,  glucose  is  produced  by  the  decomposition  of  natural 
fduei.is.kie:!  by  boiling  with  diioto  acids. 

Glucose  is  much  less  sweet-  tlei.n  en  no -sugar,  am!  less  soluble  in  water, 
requiring  1 J  parts  of  the  cold  liquid  for  solution.  It  separates  from  its 
solutions  in  Water  and  a  1  col  ml  in  granular  warty  musses,  which  but.  seldom 
present  crystalline  faces.  When  pure,  it  is  nearly  white.  In  the  state 
of  solution  it  turns  the  plane  uf  polariKalion  of  a  ray  of  light  to  the  right 
(hence  the  name  der.iro-g!.ur-oxf  and  ri'cc.V'jsi;} .-  its  specific  or  molecular  rota- 
tory power"""  is  -+-  h!ic,  and  does  not  vary  with  the  temperature. 

Glucose  may  be  heated  to  120°  or  even  ISO"  C.  ;iMSc-2r>6°  F.)  without 

-  The  specific  or  molecular  rot.ii.tory  power  of  an  optically  active  substance, 
usually  denoted  by  the  symbol  [ul.  is  measured  by  I.;;;:  number  of  degrees  through 

gram  of  the  pure  substance,  would  rotate  tiie  plane  of  pohiri/aiion,  supposing  the 
specific  gravity  of  the  solution  to  be  -  1.  .Hence,  if  the  molecular  rotatory  power 
[a]  is  known,  the  rotation,  n,  of  the  plane  of  polarij.ai.ien  caused  by  a  stratum  1 
decimetre  thick,  of  a  solution  of  sp.  gr.  1,  and  containing  t  grains  of  substance  in 
1  gram  of  solution,  is  expressed  by  the  equation,  a  —  i  [«].     If,  however,  the  sp. 
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alteration,  but  at  170°  C.  (338°  F.)  it  gives  off  water  and  is  converted  into 
gliicosan,  CcH]UOs,  which,  when  freed  IV,™  caramel  ([).  000)  by  means  of 
charcoal,  and  from  glucose  liv  fermentation,  lottos  a  colorless  mass,  scarcely 
sweet  to  the  to.st.ti,  anil  having  someiviiai.  less  dc.iiro-rolatory  power  than 
glucose.  At  higher  teiupeiaiures  glucose  blackens  and  suffers  complete 
decomposition.  Glucose  boiled  lor  some  lime  with  t!il<itc  sulphuric  or  hydro* 
chloric  acid,  is  converted  into  brown  substances  called  ulrain,  nlmic  acid, 
&c. —  Strong  sut/ihurir  acid  conv-erl'i  U.  al  ordinary  temperatures  into  sulplio- 
saccharic  acid.  i'f.'V-'s^'s-  wbich  furies  a  soluble  barium  salt. 

Lime,  baryta,  ana  hud  ...mi'.,  dissolve  s'.nwly  in  is  q  it  ecus  solution  of  glucose, 
and  on  adding  alcohol  in  the  ii.|iiiij.  com  founds  of  I  liese  oxides  ivit.li  glucose 
are  precipitated.  The  barium  compound  is  said  i.o  contain  (C„Hlz06L 
(BaO)a.20iIa;  the  caloinm  compound,  {<\F,iOirj.:<l'*0).l .  20HS;  the  lead 
compound,  (CGH1j06':."',B:rb())a(()ll}6.  These  corapoumls  are,  however,  very 
unstable,  being  dce'.uu  posed  a:  the  heat  of  boiling  water.  Glucose  also  com- 
bines with  sodium,  c.hloridf,  forming  (he  compound  [QIT].,06)JH'aCl.  OH,. 

Glucose,  boiled  will)  a  ciqiric  unit  in  presence  of  ul/;,dirg,  easily  reduces 
the  cupric  oiide  to  cuprous  oxide:  by  this  character  it  is  easily  distin- 
guished from  cane-sugar. 

When  solutions  of  cane-sugar  and  glucose  are-  mixed  with  two  separate 
portions  of  solution  of  cupi-ie  sulphate,  and  caustic  potash  added  in  excess 
to  each,  deep-blue  liquids  are  obtained,  which,  an  being  heated,  exhibit 
different  characters ;  the  one  ci.niiaiuin^  cane-sugar  is  at  first  but  little 
altered;  a  small  quantity  of  rod  powder  falls  after  a  time,  but  the  liquid 
long  retains  its  blue  tint :  with  the  glucose,  on  the  other  hand,  the  first  ap- 
plication of  heal,  throws  down  a  copious  grooui-li  [irocioii.ate,  which  rapidly 
changes  to  scarlet,  and  evct.ueilly  lo  darb-rod  cuprous  oside,  leaving  a 
nearly  colorless  solution.  Ii  the  analyst,  have  i>\it  small  quantities  uf  ma- 
terial at  his  disposal,  a  mixture  of  cupric  sulphate  and  tartaric  acid,  to 
which  an  excess  of  potash  has  boon  added,  may  be  used  with  advantage. 
This  solution,  called  po!itst\o-c>.<j<rie.  !ar!ru/.r,  is  an  excellent  test  for  distin- 
guishing the  two  vanc-iies  of  sugar,  or  discovering  an  admixture  of  glucose 
with  cane-sugar. 

gr.  is  S,  we  have  a  =  s[s]i.  If  the  chkkne-s  ni  the  ftrniutu  is  X  decimetres,  we 
have  finally : 

a  =  .wax. 

If,  then,  the  angle  of  rotation,  .,  has  ' 


If,  on  the  other  hand, 
have  the  equation, 
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as  it  taken  pluoe  to  the  right  or  the  loft. 


,y  Google 


MALTOSE  —  LEVULOSE! —  MANK1T03E.  577 

Glucose  mixed  in  dilute  solution  with  !/m,;<  iirid  exposed  to  a  temperature 
of  2I°-26°  C.  (70°-8U°  P.J,  easily  uudergoaB  vinous  fermentation  (p.  616). 

2.  Maltose,  C6H|3()6. — Tiiis  mime  is  given  1:-v  Dubeunfaut.  t.o  the  sugar  pro- 
duced by  the  action  hi  diastase  open  starch.  Ii  litis  a  dextro-rotatory  power 
tliroe  times  as  groat  at*  1 1 1 mi  of  oi-il  iiuirv  glucose,  but-  resembles  the  Litter  in 
all  other  respects,  and  is  convened  into  it  by  boiling  '.villi  dilute  acids.  It. 
appoars  to  be  merely  a  physical  modi  fieri  i  ion  of"  glucose,  the  difference  be- 
tween the  two  depending  on  the  arrangement  of  the  molecules,  not  on  that 
oi  the  atoms  within  a  molecule. 

3.  Levulose,  CgHuO,,. — This  S'Jjtmi1.  distinguished  fccm  dextro-rdueose  by 
turning  the  plane  of  polar: /at ion  to  the  left,  occurs,  togoiher  with  dextro- 
glucose,  in  honey,  in  many  fruits,  and  in  oilier  saccharine  substances. 
The  mixture  of  these  two  .sugars,  in  equivalent  quanlities  constitutes  fruit- 
sugar,  or  inverted  sugar,  which  is  itself  kvu  rotatory,  lie  cause  the  specific  ro- 
tatory power  of  levulose  is,  til  ordinal",-  iem]>c mures,  greater  than  that  of 
dextro-gluooso. 

Cane-sugar  may  ho  -binar//:-!,  ■hat  is,  trans:"  n-mod  :nlo  a  nux'nro  oi  equal 
parts  of  dextro-gho.-oso  and  kvulosc.  by  warming  with  dilute  acids: 

ci2H!2°ii    +     0Ha    =    csHiA    +    £<PA- 
The  same  change  is  brought,  abaui    cy  contact  with   yeast,  or  with  pectase, 
the  peculiar  ferment  of  IV  nits :    and  like  wise   takes  place  slowly  when  a  so- 
lution of  cane-sugar  is  left  to  itself. 

To  separate  the  levulose,  the  inverted  sugar  ohiair.cd  from  10  grams  of 
cane-sugar  is  mixta!  with  !>  grams  of  slaked  lime  ami  100  grams  of  water, 
whereby  a  solid  calcium  -coin  [no mil  of  levulose  is  formed,  while  the  whole 
of  the  dexn'o-glueoso  remains  in  solution,  and  jiniv  lie  srparnted  from  the 
ji!  eeipilalc  by  pressure.  The  calcium  salt  of  levulose  suspended  in  water 
and  decomposed  by  carbon  dioxide,  yields  a  solution  of  pure  levulose, 
which  may  be  filtered  ami  ooneeiilraied  by  evaporation.  Levulose  may  be 
ai-  one  a  obtained  in  I  he  pure  stale  by  rhc  actio')  of  'libit  e  acids,  on  inulin. 

Levulose  Is  a  colorless  unerystalli/.able  syrup,  as  sweet  as  cane-sugar, 
more  soluble  in  aloohiit  than  dext.ro  glucose,  lis  roracory  power  is  much 
greater  than  thai,  of  dox'ro-gliiooso  at  ordinary  temperatures,  but  dimin- 
ishes as  the  temperature  rises.  For  the  transition  tint,,  [a]  =  — 10B°  at 
14°  C.  (&T°  F.);  =  —  70'S°  at  62c  (!.  (122°  P.),  =  —  58°  at.  90°  0.  (194° 
F.).  Now,  the  rotatory  power  of  do utro- glucose  is  the  same  at  all  tem- 
peratures, and  equal  to  -\-'~>ii"  ;  consequently  I  hat  oi  In  varied  sugar,  which 
is  — .25°  at  15°,  diminishes  by  about  one-naif  ai  .J23,  becomes  nothing  at 
90°,  and  changes  sign  above  that  temperature. 

Levulose  exhibits,  for  the  most  pari,  tbe  same  chemical  reactions  asdex- 
tro-glucose,  but  is  ntoi'e  easily  altered  by  heat  or  by  acids,  and  on  the  con- 
I  rary  o  iters  greater  re  sis  I  a  nee  to  the  allien  of  alkalies' or  of  ferments. 

Leetilasftn,  C!,.H  ,,,0.-,  the  o\ygen-e:lier  or  anhydride  of  levulose,  is  pro- 
duced, together  with  dexiro-giacese,  bv  melting  cane-sugar  for  some  time 
a!luO°t\  (o2"F.): 

ClaH2iOu    =     Carl1[h06    +     0,Hu(V, 

The  glucose  may  be  removed  from  the  liquid  by  fermentation,  and  the 
levolusan,  which  is  unformonta.blo,  may  tie  obtained  by  evaporation  as  an 
uuerystallitfal.il  e  syrup.  Ii.v  boiling  nil  h  water  or  dilute  acids,  it  is  Con- 
verted into  a  fermentable,  lovai'otatovy  sugar,  probably  levulose. 

hi  black.     It 

may  be  separated  by  sat  oral  in  a;  I  he  liquid  wit  h  lime,  precipitating  the  cal- 
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cium  mannitale.  with   alcohol,  evaporating   the   irki-ate  to  a  syrup,  adding 
alcohol,  again  filtering,  sustl  evaporating  ro  dryness. 

Mannitoae  is  syrupy.  uucryslalliKs.ble.  ['erriiuricublo,  inactive  to  polarized 
light,  and  resembles  ihc  oilier  glucoses  in  ils  chemical  reaction. 

5/  Galactose,  CfilIL./"l6,  is  produced  by  boiling  milk-sugar  with  dilute  acids. 
It  is  soluble  in  wutcv,  sjnn-iEi^ly  soluble  in  cold  alcohol,  crystallizes  more 
readily  than  ordinary  glucose  ;  has  a  dexfro  rotatory  power  of  83-3°;  and 
is  very  easily  fermentable.  It  resembles  do \!ro -glucose  in  most  of  its  re- 
actions, but  is  distinguished  from  all  I  In;  four  gi no  uses  above  described  by 
yielding  muoio  instead  of  saccharic  acid,  when  oxidized  by  nitric  acid. 

G.  Inosite,  or  Phasaomannito,  CG1I,.,0,..  is  a  variety  of  glucose  occurring 
in  the  muscular  substance  of  i  lie  heart  a  ml  ruber  orpins  of  the  animal  body, 
also  in  green  kidney-beans,  the  unripe  ("mil  of  Phtn-t.ahts  vulgaris,  and  in 
many  other  plants.  It  forms  prism  at  ii;  crystal-,  resembling  gypsum,  solu- 
ble in  water,  but  insoluble  in  alcohol  mill  ether.  I.I  may  In:  boiler!  iviili 
strong  aqueous  potash  or  baryta,  without  alteration  or  coloration.  If  this 
sugar  bo  evaporated  v.-it  ii  nil  rie  acid  nearly  to  dryness,  the  residue  mixed 
with  a  little  ammonia,  and  calcium  chloride  and  again  evaporated,  a  beau- 
tiful and  characteristic  rose  lint  is  produced. 

inosite  does  not  ferment  with  yeasl,  but  in  contact  with  cheese,  flesh, 
or  decaying  membrane  and  chalk,  it  uitnergoes:  iacteus  for  mentation,  pro- 
ducing lactic,  butyric,  ami  carbonic  acids. 

7.  Sorbin,  or  Sorbite,  'Vr-/V  's  "  orysuilli/ab'e  sugar  existing  in  the  juice 
of  ripe  mountain-ash  hemes  (Horlms  iim-.tipuriu).  The  juice,  when  allowed 
to  stand  for  some  time  in  open  vessels,  deposits  a-  breivn  crystalline  matter, 
which  may  be  obtained  in  transparent  colorless  orystu's  belonging  to  tbo 
trimetrie  system.  Tliis  subslnuoo  is  almost  insoluble  in  alcohol,  but  easily 
soluble  in  water,  to  which  it  imparts  an  exceedingly  sweet  taste.  A  solu- 
tion of  sorbin,  mixed  with  a unia.  and  lead  aeetai.o.  yields  a  whhc  tliiccu- 

lent  precipitate,  contair.ing   (■!lll.1i.1ii''(i|..      With  mnHn-ni    chloride  it  forms  a 
compound  which  erysta.l'. :./es  in  cubes. 

Sorbin  is  converted  by  hot  niiric  arid  into  oxalic  acid.  It  docs  not  fer- 
ment with  yeasl,  but  in  contact  with  cheese  and  chalk,  at  40°,  it  undergoes 
laotous  fermentation,  yielding  a  iaige  ipiautity  of  lactic  acid,  together  with 
alcohol  and  butyric  acid. 

8.  Eucalyn,  C4Hls08,  is  an  unfermentable  sugar,  separated  in  the  fermen- 
tation of  melitose  (the  sugar  of  llio  /?„■<>;.' fyw'ws  of  Tasmania),  in.  conse- 
quence of  the  destruction  of  a  fermentable  kind  of  sugar  which,  in  combi- 
nation with  eucalyn,  < 


On  evaporating  the  Ihpiid.  the  eucalyn  remains  as  an  uticvysLalli/ahle 
syrup,  having  a  specifio  rotatory  power  of  -4-  til)"  nearly.  It  is  not  ren- 
dered fermentable  by  the  uiuion  of  sulphuric  acid. 


n  i.uCOol  m<S. 

When  ordinary  glucose  is  heated   to  100°.  720°  for  fifty  or  sixty  hours 

with    aoetie,    butyric,    Sl.earic,  ben/oic,    and    oilier    organic    acids,    the    two 

unite,  with   olimoiaiion   of  water,  airl   compound]   ethers  called  gluoosidcs 
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are  formed,  analogous  to  the  mnnnitanldes,  A  number  of  these  artificial 
glucosidcs  have  linen  prepared  by  Ucrtiielnt.,  who  i'(t<;;ir '.Is  them  as  deriva- 
tives of  ghiBosaii,  0(.Il](iOB.  because  when  heated  with  alkalies  they  yield 
glucosan,  not  glucose.  Thus,  there  is  a  [fluooso-butyric  ether  to  which 
Berthelot  assigns  I  lie  formula  t'6ll  ■<.',lU'i .(),.  and  an  acetic  other,  which 
he  regards  ns  hoxaeeto  gduensaii,  <:(i'l l,;<.\H'a(J .it,t"ls ;  lua  they  live  merely  oily 
liquids,  which  arc  very  dllliculi  to  ol.iia'.ii  pure,  and  therefore  their  analyses 
are  not  much  to  be  depended  on. 

A  considerable  number  of  bodies  of  similar  constitution  exist  ready- 
formed  in  plants,  many  of  them  constituting  Hie  billet  principles  of  the 
vegetable  kingdom.  None  of  these  natura!  glucosidcs  have  been  produced 
artificially,  but  they  are  nil  resolved  by  hciiiinsr  with  dilute  acids  into  glu- 
cose and  some  other  compound.  We  shull  describe  some  of  the  most  im- 
portant of  these  bodies. 

AESCnr.iW,  C^II.^O.j.  in  it  erystoKliic  fluorescent  substance  obtained  from 
the  bark  of  the  horse-chest  mil  ami  other  Irons  of  the  genera  Asscalus  and 
Pavia.  It  has  a  hitter  taste,  is  sli~hr.lv  soluble  in  water  and  alcohol,  more 
soluble  in-.the  same  liquid*  ai.  [ho  boiling  heat,  nearly  insoluble  in  ether. 
II.  is  colored  red  by  chlorine.  By  boiling  ivit.li  hydrochloric  or  dilute  sul- 
phuric acid,  it  is"  resolved  into  .liia'ose  an'.!  a  bitter  crystalline  substance 
called  tt&sulelin : 

O^tfia    +     30Hj    =     2CgH„Oa      +      C„H6°d 
Aesculin.  Glucose.  jEsculetin. 

The  aqueous  solution  of  aesculin  is  highly  fluorescent,*  the  reflected 
light  being  of  a  sky-blue  color,  Nearly  the.  same,  fluorescent  tint,  is  exhi- 
bited by  an  infusion  .it'  horso-oiiesinul  biirlt.  The  color  of  the  latter  ia, 
however,  slightly  modified  by  the  presence  of  another  substance,  paain, 
which  exhibits  a  bliie-h;rcoii  fluorescence ;  it  may  be  separated  from  aescu- 
lin by  its  greater  solubility  in  ether.  Aesculin  ami  paviin  appear  to  exist 
together  in  the  barks  of  all  species  of  Aw.ulits  and  I'ada, — aesculin  being 
more  aliundaul-  in  flic  i'ornter,  and  pavhti  in  the  latter. 

Amygdalin,  CMH.,-NOu  .  SOlf,,,  is  a  crystalline  body  existing  in  bitter 
almonds,  the  leaves  of  the  eberry  laurel.  (  Orrises  Ijttirmeratas),  and  many 
other  plants  which  by  disiilhiliiiu  yield  liyilroeyanic  acid  and  bitter-almond 
oil.  These  compounds  tin  not  exist,  ready -formed  in  liie  plants,  but  are 
produced  by  the  doc  urn  posit  ion  of  amygdalm  under  tin;  influence  of  emul- 
sin  or  synaptase,  a  iiitro^cni/.oil  feiauejii  likewise  existing  hi  the  plant. 
Tiic  dec  at',  portion  is  expressed  by  (he  equation — 

tyr^NOn   +  20Ha  =  ctH6o   - 

Amygdalin.  Bitter- 

almond  uywiiu 

oil.  acid. 

To  prepare  amygdnlin,  the  paste  of  bitter-almonds,  from  which  the 
fixed  oil  has  been  expressed,  is  exhausted  with  boiling  alcohol,  which 
coagulates  the  syuaulaso.  .ernlers  it  inactive,  and  dissolves  out  the  ainygda- 
lic.  The  alcoholic  liquid  is  disl.illeil  in  a  walor-ba.t.li,  and  the  syrupy  resi- 
due is  diluted  with  water,  mixed  with  a  little  ycasi,  and  set  in  a  warm 
place  to  ferment:  a  portion  of  suiia.r,  present  in  the  almonds,  is  thus 
destroyed.  The  filtered  liquid  is  then  evaporated  to  a  syrup  in  a  water- 
bath,  and  mixed  with  alcohol,  which  i  brows  down  the  amygdalin  as  a  white 
crystalline  powder:  flu;  latter  is  collected  on  a.  cloth  filter,  pressed,  redis- 
eolved  in  boiling  alcohol,  and  left  to  cool.     It  separates  in  small  crystal- 
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line  plates  of  pearly  whiteness,  which  n.ro  inod. irons  inn!  nearly  tasteless: 
It  is  decomposed  by  beat,  leaving  n  bulky  con),  am!  ilifl'using  tbc  odor  of 
the  hawthorn.  Tn  ttatm-,  lmf.li  hot  and  cold,  ainj;;dniin  :s  nearly  insoluble ; 
a  hot  saturated  solution  deposits,  on  cnolin;;,  brilliant  prismatic  crystals, 
which  contain  water.  In  cold  alcohol  it  dissolves  with  great  difficulty. 
Heated  with  dilute  nitric  acid,  of  a  mixture  of  dilute  sulphuric  acid  and 
manganese  dioxide,  ii-  is  resolved  inlo  ammonia,  bitter-almond  oil,  benzoic 
acid,  formic  ocid,  ami  carbonic  acid:  with  potassium  permanganate,  it 
yields  a  mixture  of  potassium  cyanat.o  and  bouzoato. 

Synaptase  has  never  been  obtained  in  a  stale  ot  purity:  it  is  described 
as  a  yellowish-white,  opaque,  brittle  mass,  very  soluble  in  water,  and  co- 
agulable,  like  albumin,  by  beat,  in  n  hich  ease,  it  loses  its  specific  property. 
In  solution  it  very  sou"  becomes  turbid,  and  putrefies.  The  decomposition 
of  amygdaliu  under  the  intluence-  of  this  body  may  be  exhibited  by  dis- 
solving a  portion  in  a  lar^e  quantity  of  water,  and  adding  a  little  emulsion 
of  sweet  almonds:  the  odov  of  the  vobni'e  oil  inune'liately  becomes  ap- 
parent, and  the  liquor,  o:i  distillation,  yields  1  =. j.  araevanic  acid. 

Chitih,  CeHBSOs,  is  the  substance  which  forms  the  elytra  and  integu- 
ments of  insects  and  the  carapaces  of  crustaceans.  It  is  best  prepared  by 
boiling  the  wing-cases  of  oockolial'crs  with  water,  alcohol,  ether,  acetic 
acid,  and  alkalies  in  succession,  as  long  as  aiiyihitij;  is  dissolved  out  by 
each.  According  (o  .Sliidelei',s  it,  is  resolved  by  boiling  with  dilute  acids, 
into  glucose  and  lactamide: 

C^NO,    +     20H,    =     C„H„Ofl    +     C3IIvn6, 

Chitin.  '  Glucose.         Lactamide. 

Galiotanmo   Acid,    CjH.,,0,,,    the   acid    contained   in    the    pall-nuts   of 

Qttereui  infevtoria  and    oilier   .suoeies    of  oaks,    and    of  certain    species   of 

auma«h,  is  a  glucoslde.  resolved  bv  tbe   action   of  acids  into  glucose  and 

gallic  acid; 

C..H  n.    +     40H,    =     CoH-jO-    +     3C.HuO. 
Gallotannic  "  Glucose.         Gallic  acid, 

acid. 
It  will  be  described  in  connection  with  gallic  acid.      (Sec  t.lic  chapter  on 
Acids.) 

Gr.TCTTEKjziN,  C^HjjOji  LiQDOHici-SuaiB. — The  root  of  the  common 
li.juurice  yields  a  lar^e  quantity  of  »  peculiar  sweet  substance,  which  is 
soluble  in  water,  bat  refuses  to  erysialli'.e:  it  eauuoi  be.  made  to  ferment. 
r.lycvrrhizinformsdilbcidfu- soluble  compounds  v.iili  acids;  it.  is  precipitated 

from"  ilSKolution  by  lead,  ealci ,  and   liarium   salts,  tlie  precipitate  eon- 

fUr-ling  of  glycyrriij'in  in  combination  witb  the  base.  According  to  Gorup 
lif-anej.  glycyrr  limit  ivbeu  boiled  with  dilute  acids,  splits  into  a  resinous 
budy  tailed  glycyrretin,  and  glucose. 

Cs,H3603      +      OH2      =      C„H„0,       +      C3n,2Q6 

tliyoyrriiizin.  Glycyrretin.  Glucose. 

MteOniO  Acid,  C1(1IT1sXS,Ot,,,  an  acid   existing  as  a  potassium  salt  in  the 

seed  of  black  mustard,  'is  resolved  by  the  action  of  myrmi'i,  an  albuminous 

ferment  likewise  contained  in  tbe  seeds,  into  volatile  oil  of  mustard  (allyl 

sulphocyanate),  glucose  and  sulpburic  acid: 

CMH19KNS,Ol()    =     C,H.CN8     +     C.H„Ofl    +     SO«HK 
Potassium  Allyl  Glucose.  Acid 

myronate.  sulpho-  potassium 

cyanate.  sulphate. 
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Phlorizin,  (1,,1I,(0](,.20'[;.— This  is  a  substance  bearing  a  great  likeness 
to  salicin,  found  in  ihe  voot-liiirk  of  ihc  apple  and  eberry-tree,  and  ex- 
tracted by  boiling  alcohol.  It  forms  tine,  colorless,  silky  needles,  soluble 
in  1000  parts  of  cold  water,  but.  freely  dissolved  by  tlint,  liquid  when  hot: 
it  is  also  soluble  without  dilliouuy  in  alcohol.  Dilute  acids  convert 
phlorizin  into  glucose  ami  u  crysinliizuble  swoci  substance  called phloretin : 

C«HaO„      +      OH,      =      CeH,206      +      C„HM0, 
Phlorizin.  Glucose.  Pliioretin. 

a  beautifully 

QnEitciTRiMisacrys'alli/isbloyelbiw  «.  >'n  ai  ne:  mil  ttoroccurrin  gin  quercitron 
bark,  the  bark  of  <Ja  (re.  ai-infrc-orin,  whence  i!  is  »  racted  by  boiling  with  water. 
Its  composition  has  been  variously  stated ;  i  mi  end  it  is  hy  no  means  certain 
that  the  so-called  queroitrius  cMiiuined  by  diil'creni.  chemists  were  really 
identical  substance.  According  to  Ilb.siwt't?  mid  Vfaundler  *  it  contains 
CjjHjjOu,  and  is  resolved  by  boding  with  dilule.  a  rids  into  another  yellow 
crystalline  body  called  qurrc-lm,  and  isodulcito  (p.  0O0): 

CjbH^,,     +      OII2    =     CjjHjjO,,       +       CsK]4Oa 
Quercitrin.  Qucrcctin.  iBOdoMte. 

SalICIN,  C,3fl,a07,  is  a  cry stalli sable  bitter  substance  contained  in  the 
leaves  and  young  bark  of  i  lie  poplar,  willow,  ami  several  other  trees.  It 
may  be.  prepared  by  exhausting  the  bark  vir.ii  boiling  'Mater,  concentrating 
the  solution  to  a  small  bulk,  iligcsmig  I  lie  liquid  ivitii  powdered  lead  oxide, 
and  tlion,  after  freeing  Hie  solution  from  lead  by  a  stream  of  sulphuretted 
hydrogen  gas,  evaporating  till  the  salicin  oystulii/es  out.  on  cooling.  It  is 
purified  by  treatment  ■.villi  animal  charcoal  and  ro-orystalli''at.ion. 

Salicin  forms  stun  11,  white,  si  iky  needles,  ha-,  i  r:  l?  an  intensely  bitter  taste, 
but  no  alkaline  reaction.  It  melts  and  decomposes  by  heat,  burning  with 
a  bright  flame,  ami  leaving  a  residue  of  ehii.rc.nal.  It.  is  soluble  in  5li  parts 
of  cold  water,  and  in  it  much  smaller  quantity  when  boiling  hot.  Oil  of 
vitriol  colors  it  deep  red. 

When  distilled  with  a  mixture  of  pofiissiutu  bichromate  and  sulphuric 
acid,  it  yields,  among  or.fier  products,  a.  yellow,  sweet-scented  oil,  called 
satict/lol"  having  the  composition,  t.THst);,  anil  idetit.iciil  with  the  volatile 
oil  distilled  from  the  flowers  of  the  .Njui'.-uv  vhnuriii,  or  common  meadow- 
sweet. 

Salicin,  under  the  influence  ef  'he  ciuu'.siu  or  synaptase  of  sweet  almonds, 
is  resolved  into  glucose  and  laligemn: 

<Vis°7     +    OHa    =    C,H„0,      +     C-HjE, 
Salicin.  Glucose.  Saligemn. 

Saligenin  forms  colorless,  nacreous  scales,  freely  soluble  in  water,  alco- 
hol, and  ether,  li  melts  at  H'i",  and  decomposes  at,  a  higher  temperature. 
Dilute  acids  at  boiling  heat  convert  if  mt.o-a'tlireH/i,  C.1I60,  a  resinous  sub- 
stance differing  from  saligenin  hy  the  clemenls  of  wa.t.er.  The  same  sub- 
stance is  produced  directly  front  sabciri  by  bailing  witii  dilute  acids.  Many 
oxidizing  agents,  as  chromic  acid  ami  silver  oside,  convert  saligenin  into 
salieylol;  even  platinum  bind;  produces  this  effect.  Its  aqueous  solution 
gives  a  deep  indign-lilue  color  with  ferric  salts. 

Salicin  yields,  with  chlorine,  substitution-products  which  are  decomposed 
by  synaptase  in  the  same  maimer  as  -ii'.icin  itself,  yielding  chlorosaligcnin, 
C,H,C102,  and  dichlorosaligcnin,  CJl6t;i,t),.     Dilute  nitric  ■-'■* 
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cm  into  helicin,  lieliooidin.  :;n:i  nnituiic  acid.  With  strong  nil  vie  acid,  at  a 
liijih  teiunevj'.uvo.  nil  rosulicylic  acid.  CM!,.,'  NO;;0;],  Is  produced. 

Popultn,  CjaH^O^  is  a  substance  wsoinhlmg  salio.iu  in  appearance  and 
solubility,  but  having  a  pcnetrai  ing  siveel  (a.ide.  It  is  found  accompanying 
saliein  in  the  bark  and  loaves  of  the  aspen.  It.  has  the.  composition  of  ben- 
zoyl-salicin,  CuII,;(C;llsO}0;,  and  uhuu  honied  with  dilute  acids  is  resolved 
into  benzoic  acid,  and  the  products  of  decomposition  of  saliein,  namely, 
saliretin  and  glucose: 

C,HGOa    +     C,H0O     +     C.H,,Os 
Benzoic  Saliretin.  Glucose, 

acid. 

With  potassium  bichromate  and  sulphuric  acid,  populin  yields  a  consider- 
able quantity  of  salicylol. 

Helictn,  C,j1I,80;,  is  a  white,  or;  stalliue,  slip;hi\.-  bitter  substance,  pro- 
duced by  the  action'  of  very  dilute  nitric  acid  upon  salicin: 
CiBHl(0,    +     0     =    OH,    +     C,3H„0, 
Saliein.  Helicin. 

It.  is  slightly  soluble  in  cold,  freely  soluble  in  boiling  water,  and  is  resolved 
by  the  action  of  synap^se,  ov  of  acids  or  alkalies-  at  the  boiling  heat,  into 
glucose  and  salicylol : 

C,,TIl80,    +     OH,    =     C.H  ,j06       +      C.HjO. 

Helicin.  Glucose.  Salicylol. 

Benzokelicm,   C^H^O,,,   or  CI.]IVI6(C!l(-,0}0.,   produced   by  the  action  of 

dilute  nitric  acid  or.  ;ii:f:?o-,.alioin,  is  resolved  in  like  manner  into  benzoic 

acid,  siilioylol,  and  glucose: 

CMHffiO,    +    20H,    =     C,H60s    +     C5H80,     +      C6HlsOs 
Bonzo-  Benzoic  Salicylol.  Glucose. 

helicin.  acid. 

SotANiNE  is  a  crysinUino  base  occurring  in  v.iiious  plants  of  the  solana- 
ceous  order,  especial!}-  in  ihe  lbiv.ei--it.alks  and  berries  of  the  woody  night- 
shade (Solatium  dulcamara),  and  in  llie  slioois  or  germs,  thrown  out  by  po- 
tatoes kept  in  eel  lava  during  (lie  r.inler;  it.  may  be.  extracted  from  these 
shoots  by  water  containing  a  little  siilnliurie  acid.  Ii-  probably  contains 
C„H„N016,  and  is  resolved  by  boiling  villi  dilute  acids  into  glucose  and 
sotarddinc,  which  is  also  a  basic  compound  crystallizing  from  alcoliol  in  long 
naedles : 

ClaH„N01B     +      30HS     =     3C6HlsOs       -f       C-HjJTO 
Solaniue.  Glucose.  S  0 1  an  i  d  in  e. 

Thujin,  C^HjjO,...  is  ug'.uooiido  occurring  in  1  lie  green  parts  of  the  Amor- 
ioan  Arbor  Vita;  "iTimjn  ua-idznuiti*).  It.  forms  sliining,  lemon-yellow, 
mioroseopio  crystals.  having  an  astringent  taste,  and  soluble  in  alcohol 
When  heated  in  alcoholic  solution  with  bydroc'nloric  or  dilute  sulphuric 
acid,  it  is  resolved  into  glucose  and  thv.jdiii.,  C^IL^O],: 

20MHaO]1  +  40HS  =  2C6H1S06  +  CEHIBO10. 
When  heated  for  11  short  time  only  with  hydrochloric  acid,  it  yields  also 
another  substance  calleii  ihnjntiii,  containing  1  '^II.,.,'),.,,  ov  two  molecules  of 
water  less  than  (hujetin.  Tliujin  dissolves  in  baryiii  water,  forming  a 
yellow  solution,  which  v.  hen  heal  ud  deposits,  an  orange -yellow  precipitate 
of  tkujetic  add,  C!3TI3S0,3,  while  glucose  remains  dissolved : 

2CMH8a019     +     OH,    =    2C0HlsO6    +     C!SHs:i013. 
All  those  compounds  ore  eryatalline. 


y/  Google 


FOLYGLUCOSIC    ALCOHOLS.  583 

XfliiTHOnaAMNiN,  CaH^Ou,  a  cryslnllizuble  yellow  coloring  matter  ob- 
tained from  Persian  ur  Turkey  berries,  the  seed.J  of  several  species  of 
Rhamnus,  is  resolved  by  boiling  with  dilute  acids,  into  glucose  anil  ]7ni)tt- 
w.:;//;.,  (.'■!iM](i05.  which  is  also  n  yefmw  crystalline  substance: 

OmH^Ou    +     30lra    =    20»Hii°«     +     CuH10OB. 
According  to  bouic  authorities,  ianthorhaninin  is  identical  ivitli  quercitrin, 
and  vli mini etiu  with  quercetin. 

Thero  ore  a  few  compounds  which,  when  treated  with  dilute  acids,  split 
up  similarly  to  the  glueosioos,  but.  yield  saccharine  substances  differing 
in  composition  from  glucose.  Thus  pldoniiiu.  us  silready  observed,  is  re- 
solved into  phlorei.ic  acid,  and  plii.n-fi^l in--iu,  tyV,  i.'[i.  o70),  which  differs 
from  glucose  by  301Ir  Qtic.rcitrin  yields  queecei.ivi  and  isoduleite,  C,ttMOt, 
containing  two  atoms  of  hydrogen  more  Hum  glucose:  and  in/lican,  C^Ha, 
NO,,,  yields  indy/lucin,  l'aN,0Ot.  containing  two  atoms  of  hydrogen  legs  than 

Ikdican  is  a  colorless  substance  existing  in  wosid  (Jsniia  Itnaiiiriu),  and 
probably  in  most  oi  her  plants  which  yield  indigo -bine.  It  likewise  occurs 
in  human  urine,  boih  hc:ilthy  ami  diseased,  mid  when  present  ill  consider- 
nble  i[i nudity,  causes  tin;  urine,  uflcr  s i m mt an e tins  fermentation  or  addii  iou 
of  aoids,  to  deposit  sometimes  indigo-blue,  sometimes  a  brown  substance 
isomeric  with  it,  called  indirubin. 

Indioan  is  decomposed  by  dilute  acids  into  indigo- blue  (or  its  isomer, 
indirubin)  and  indiglucia: 

C«H3,NOn        +        20H,        =        Cair?NO         -J-         3C„H,„Ofl 
Eidican.  Indigo-  Indiglucin. 

In  contact  with  aqueous  so'l;i.  or  bM.ryia  it  !«  resolved  -Into  indiglucin,  and 
a  yellow  unerystallizable  substance  called  iudieaniu: 

CjaH,,NOn         +        OHa        =        C6nithOp        4-        C2thHs,NO,!; 
lndican.  Indiglucin.  Indieanin. 

and  indieanin,  by  boiling  with  dilute  acids,  is  further   resolved   into   indi- 
glucin and  other  products. 

Indi:/!\inn.  ("!6tl, „("),,  is  a  colorless  or  light-yellow  syrup,  having-  a  slightly 
sweet  liisie,  soluble  in  wnter  and  alcohol,  hue.  precipitated  from,  the  alco- 
holic solution  by  ether.  It  is  not,  I'e  mum  bible,  but  turns  acid  by  prolonged 
contact  with  yeast.  It  throws  down  cuprous  oxide  from  an  alkaline  cupvie 
solution,  metallic  silver  from  an  ammoniuciil  solution  of  the  nitrate,  and 
gold  from  the  trichloride.  With  basin  or  ncut.ra.l  load  acetate,  on  addition 
Of  ammonia,  it  forms  a  precipitate  containing  (;i!i!L8l'b"012.  31'b"0. 


POLYGbUCOSIC 

The  compounds  of  this  group,  including  eane-sug;ir  and  other  bodios  more 
tir  less  resembling  it,  may  bo  regarded  ms  formed  by  the  combination  of 
two  or  more  molecules  of  glucose,  with  elimination  of  a  number  of  mole- 
cules of  water,  less  by  one  than  the  number  of  glucose  molecules  which 
enter  in  the  combination: 

2C.H..O,     —     H,0  =     C12lfIS0„,  Diglncosic  alcohol. 

3CcH|sO„     —     2H20  =     C|SHrO,fj,  'i'rigbicosic  alcohol. 

nCgH„0,     —     (h— 1)11,0      =     C^H^-l-jOjn-i-!. 
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The  only  known  alcohols  of  this  class  are  diglucosic  alcohols,  C|,H„On  ; 

bui    SSaloll.   cellulose,   ami    ethei1    pi  sad  -./"lis"  iiueal  s    appear    to    be    owgen 
ethers,  or  anhydrides,  of  p.olygl-.icosie  alcohols  of  higher  orders. 

Cane-sugar  or  Saccharose,  C^I.l.J),,.  —  This  most  useful  substance  is  found 
in  the  juice  of  many  of  11m  grasses,  in  t.hi!  sup  of  several  forest- trees,  in 
the  root  of  the  hoc!  ami  the  mallow,  and  in  severa.t  other  plants.  Most 
sweet  fruits  contain  cane-sugar,  (oge.ihor  ivit.li  inverted  sugar  (p.  577); 
some,  as  walnuts,  ha/cliinis.  slraomlv  c o- lie c- brans,  ami  St.  Jolm's-bread 
(the  fruit  of  Ceratoiiia  silit/tm),  contain  only  cane-sugar.  Honey  and  the 
nectarsofflowcrscinjTai.il  cano-sugJir  together  with  inverted  sugar;  the 
sugar  in  ibe  nectars  of  cactuses  is  almost  whclly  cane-sugar. 

Sugar  is  extracted  most,  easily  ami  in  greatest  abundance  from  the  sugar- 
cane (Saceharum  ojtiriiurruiR),  ci.iitivat.cd  for  the  purpose  in  many  tropical 
countries.  The  canes  arc  crushed  between  rollers,  ami  1  lie  expressed  juice 
is  suffered  to  flow  iuin  n  large  vessel,  where  tl  is  slowly  heated  nearly  to 
its  hoiling  point.  A  small  quantity  of  slalrcd  lime  mixed  with  water  is 
then  added,  which  occasions  the  separation  of  a-  coagulum  consisting  chiefly 
of  earthy  phosphates,  waxy  matter,  it  peculiar  albuminous  principle,  and 
mechanical  imparities.  The  clear  liquid  separated  from  the  coagulum  is 
rapidly  evaporated  in  open  pans,  healed  by  a,  sn'ong  tire  made  with  the 
mislicd  canes  of  The  preceding  year,  which  have  been  dried  in  the  sun, 
and  preserved  for  the  purpose.  When  sufiiciom'.y  concentrated,  the  syrup 
is  transferred  to  a  shallow  vessel,  anil  left  (o  eryi  nlliie.  during  which  time 
it  is  frequently  iigiial  ed  in  order  lo  hasicii  Ihc  change  ami  hinder  the  forma- 
tion of  large  crystals.  It.  is.  lastly,  dviiined  from  the  dark  uncrystalli/.ablc 
syrup,  or  molasses,  and  -en I.  into  commerce,  under  I  be  name  of  taw  or  Mus- 
covado sugar.  The  refining  of  this  crude  product  is  effected  by  redissolv- 
ing  it  in  water,  adding  a  iiu.'tntily  of  albumen  in  Hie  shape  of  serum  of 
blood  or  white  of  egg.  and  .-mcetimes  a.  little  lime-water,  and  heating  the 
whole  to  the  boiling  p'dnt:  Hie  aiiiumeti  coagulates,  ami  forms  a  kind  of 
network  of  fibres,  which  enclose  and  separate  from  the  liquid  all  mechan- 
ically suspended  impurities.  The  soioiion  is  docolori/.ed  by  filtration 
through  animal  chare. ...a I.  cvaporaled  to  the  eryslnlli/Jug  point,  and  put  into 
conical  earthen  moulds,  whtru  it.  soliililics.  after  seme  1  iiee,  to  a  confusedly 
crystalline  mass,  which  is  drained,  washed  with  a  little  clean  syrup,  and 
dried  in  a  stove:  the  product,  is  ordinary  loaf -sugar.  When  the  crystallisa- 
tion is  allowed  to  lake  place  quietly  and  slowly,  W'/vr-cfinrh/  results,  the 
crystals  under  these  circumstances  acquiring  iargc  volume  and  regular 
form,  'foe  evaporation  of"  ibe  decolorized  syrup  is  best  conducted  in 
strong  close  boilers  exhausted  of  air:  i  lie  hoiling  point  of  the  syrup  is 
reduced  in  consequence  from  lift"  0.  (2HOa  F.)  to  (;f>-5°  C.  (150°  F.),  or 
below,  and  the  injurious  action  of  the  heat  upon  the  sugar  is  in  great 
measure  prevented.  Indeed,  Ihe  production  of  molasses  in  the  rude  colo- 
nial manufacture  is  chiefly  the  result  of  the  high  ami  long-continued  heat 
applied  to  the  cane-juice,  and  might  he  almost,  entirely  prevented  by  the 
use  of  vacuum-pans,  ibe  product  of  snga.r  being  i hereby  greatly  increased 
in  quantity,  and  so  far  improved  in  quality  as  to  become  almost  equal  to 
i.'ae  refined  article. 

In  many  parts  of  the  continent,  of  Europe,  sugar  is  manufactured  on  a 
large  scale  from  hcet-root,  which  contains  about  S  per  cent,  of  that  sub- 
stance. The  process  is  far  more  compeared  and  troublesome  than  that 
just  described,  and  the  rw  product,  much  inferior.  When  refined,  how- 
ever, it  is  scarcely  lo  be  distinguished  from  the  preceding.  The  inhabit- 
ants of  the  Western  States  cf  America  prepare  sugar  in  considerable 
quantity  from  the.  sap  of  lite  sugar-maple,  Acer  saefhat mum,  which  is  come. 
moil    in'   those  pails.      The  tree  is  tapped  in  the  spring  by  boring  a  hole  a 
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little  way  into  the  wood,  and  inserting  a  small  spout  io  convey  the  liquid 
into  a  vessel  placed  for  its  reception.  This  ia  boiled  down  in  nil  iron  pot, 
and  furnishes  a  coarse  siijur.  which  is  almost  wholly  employed  for  domes- 
tic purposes,  but  lililo  finding  its  way  into  commerce. 

Pure  sugar  slowly  separates  1'rraii  a  strong  solution  in  Urge,  transparent, 
colorless  crystals,  having  the  figure  of  a  modified  lrior.ooliiiic  prism.  The 
crystals  have  a  specific  gravity  of  1  -11,  and  am  unobnngeable  in  tlie  air. 
Sugar  lias  a  pu.ro,  sweet  taste,  is  very  soluble  in  inner,  requiring  for  solu- 
tion only  one-third  of  its  weiiilil.  in  the  eohl,  and  is  also  dissolved  by  alco- 
hol, hut  less  easily.  When  moderately  healed  if.  melts,  and  solidities  on 
tooling  to  ii  L'lasi.v  amorphous  mass,  familiar  as  hiir!n/-sugar. 

1.  Cane-sugar,  boated  a  lie  tie  above  IflO"  C.  (?,2t)°  I1'.),  is  converted,  with- 
out loss  of  weight,  inlo  a  mixture  of  dextro-glueoso  aud  lovolusan  (p.  577): 
CuH^Oj,      =      C,HuOs      +      CflHMOs. 

At  a  higher  temperature,  water  is  given  oil,  the  dextro-glueose  being 
probably  converted  into  glueosan  fp.  570):  afterward,  at.  about  210°  C. 
(410°  F.),  more  water  goes  oil",  and  a  liruini  subslance  called  caramel  re- 
mains, consisting  of  :i  uiixi  tiro  of  silvers]  1  com  pen  mis,  nil  formed  from  sugar 
by  elimination  of  water.  At  a  still  higher  tomnet-alkii'o,  an  inflammable 
gaseous  mixture  is  given  off,  consisting  of  carbon  monoxide,  marsh-gas, 
and  carbon  dioxide  ;  a  dims  Haw  is  obtained,  eon  si  si  if.;.;  of  brown  oils,  acetic 
aeid,  acet.nne,  and  aldehyde;  and  a.  emisideraliLe  i|ii:-,uiil.v  of  charcoal  re- 
mains behind.  The  brown  oils  contain  a  small  quantity  of  farfurol,  and  a 
bitter  substance  sailed  amamar. 

'1.  By  prolonged  boiling  with  n-nlm:  cane-sugar  is  converted  into  inverted 
su'/ar.  Tbis  transformation  is  accelerated  by  tlie  presence,  of  acids,  and 
apparently  also  of  certain  sails.  Different  acids  aei  witii  various  degrees 
of  rapidity — -mineral  more  quickly  ihan  erpmic  acids,  sulphuric  acid  most 
quickly  of  all.  When  sugar  is  boiled  even  ivit.1)  very  dilute  acids,  especially 
if  the  boiling  be  long  continued,  a-  number  of  brown  amorphous  products 
are  formed,  called  nl.miii.  nimic  ticid.*  So.  ;  if  ibe  air  1ms  access  to  the  liquid, 
lonme  acid  is  lik'.iivise  |! rod need,  Conocntra:eu  hytlmeh'.orio  acid  decom- 
poses sugar  very  quickly. 

Strong  sulphuric  a'cul  decomposes  dry  sugae  when  heated,  and  a  concen- 
trated solution,  even  at  ordinary  tompcruiures,  will]  copious  evolution  of 
sulphurous  aside,  and  formation  of  a  large  qmiin  ii  y  of  blaelt  carbonaceous 
matter.     By  this  reaction   oane.-sugsir  may  be  distinguished  from  glucose. 

3.  Cane-sugar  is  very  easily  oxuli/ed.  .11  reduces  silver- and  mercury- 
salts  wliim  heated  willi  llumi,  ainl  [ifecipiiai.es  gold  from  Ihe  cliloride. 
I'uro  ctipric  .hydrate  is  but  slowly  reduced  by  it.  oven  at  the  boiling  heat: 
in  presence  of  alkali,  however,  a-  blue  solul  ion  is  f'inued,  and  on  boiling 
the  liquid,  cuprous  osi'de  is  slowly  precipitated  (p,  574).  Cane-sugar  takes 
fire  when  triturated  will]  S  parts  of  load  dioxide,  and  forms  wil  Ii  potassium 
chlorate  a  mixture  which  detonates  on  percussion,  ami  burns  vividly  when 
a  drop  of  oil  of  vitriol  is  let.  fall  upon  it.  Distilled  with  a  mixture  of  sul- 
phuric am.)  si.ml  manganese  dioxide,  ii  yields  formic  acid,  lieatcd  with 
dilute  nitric  acid,  it.  yield-  saccharic  ami  oxalic  aoids.  1  part  sugar  mixed 
with  3  parts  nit.rie  aeid,  of  specific  gravity  1-25  to  1  80,  and  heated  to  50° 
C.  (Vl'P  F.),  is  wholly  couveta.ed  into  saccharic  aeid: 

I ■  ■ -. '■'■  ,"!■  I'i'ii.  I     I ■  .  1  '  ■    il :  .'ii ,    i      ;  i.  i      ,.,,,:  ,„  ...ii   |.., |,l. 

ti.l-   (iXJllll]ilO,   h'CUti'..    -.rli  I.   .f    .:■■.     ...ill    ,.  -:..i  .,■  I.:-,      .f   ;;■, ,  .„■  !  ■;   ■   ,,;■,.:,■,.   v|"   i|x   ,1  (k'lJ[)-l>fOWH   K  lit  11- 

tl,ni.  till  in  ivhlcli   ii. i::.   ,  : .  .  i|,i:    ',■      ::   ,-,  .  :-i    ■.,-  ,   -  ,;,.;■,  ,.   ..      ;■.  :,.„■  i,m  a  alight  duirrnii 
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Sugar.  Saecuanc  acid. 

At  the  boiling  heat-,  the  product-  consists  chiefly  of  oxalic  acid.  Very 
strong  nitric  acid,  or  a  mixture  of  strong  T ) i I  i- i 0  and  su'plurric  acids,  con- 
verts sugar  into  u  it • ->  mrs'irw  :,  prohaldy  Cli]l]:,iNO:'i.|,l!,.  Sugar  is  like- 
wise oxidized  by  cidoridc  of  lime.  bin.  tin:  products  hive  not  been  examined. 

4.  Cane-sugar  don  not  turn  brown  when  trit.m-al.eii  with  alkalies,  a 
character  by  which  it  is  distinguished  froui  glucose  :  it  combines  with 
them,  however,  forming  compounds  called  x-n-rvies,  Jlv  boiling  with  potash- 
lye  it  is  decompose.!.!,  bul-  much  move  slowly  than  the  glucoses. 

Potassium-  and  8t/it>\i>\i-tyi,n:imtnth  of  cane-sugar,  01,IT,]KO„  and  C^II^ 
NaO(1,  aro  formed,  as  gelatinous  precipitates,  on  mixing  an  alcoholic  solu- 
tion of  cane-sugar  with  potash-  or  soda-lye. 

A  baritim-r.mnpavr.d,  C'-1,Il.luliii"Ol1  .  11,0,  of  (",,"->  Ai  .  V>n"0,  is  obtained, 
as  a  crystalline  prerniiint.e.,  on  ml 'ling  hy  urate  fir  su In  bide  of  barium  to  an 
aqueous  solution  of  sugar.  It  may  be  crystallised  from  boiling  water,  but 
is  insoluble  iu  alcohol. 

Cnlriuin-c.ompouiidf!.-  Lime  dissolves  ill  sugar -water  much  more  readily 
than  iu  pure  water.  The  solution  has  a  inner  taste,  and  is  completely  but 
slowly  precipitated  by  carbotdc  acid.  '  There  are  three  or  four  of  these 
compounds,  widen  may  lie  nupioximaieiy  represented  by  the  following  for- 

1.  CuHM011.Ca"0.  3.   0„H110u.2Ca"0.2H1O. 

2.  2ClaHa011.3Ca"0  (?)  i.    C,sII,sOu  .  8Ca"0. 

Matpiesitt  and  lend  vj.tde  arc  also  dissolved  by  su^ar- water.  A.  crystalline 
lead-Compound,  C1:lH]sl'i//.,011,  is  precipitated  on  mixing  sugar-water  with 
neutral  lead-acetate  and  ammonia. 

Sugar  also  forms,  with  nnii'iiit  rhionJc,  a  crystalline  compound  cimiain- 
mgC|,!l,,0,1.NaCL 

Cane-sugar  is  nor  directly  fennni fable,  lint  when  its  dilute  aqueous  solu- 
tion is  mixed  with  ycasr,  atul  imposed  re  a  warm  atmosphere,  it  is  first 
resolved  into  a  mixture  of  dextrose  and  levuio.se  (ti.  -r>7? j,  wMcll  tlien.  enter 
into  fermentation,  yielding  alcohol  ami  carbon  dioxide. 

Farasac cliaros e,  C^H^O,,.— -This  is  an  isomer  of  cane-sugar,  produced, 
according  to  Jo-diu,*  by  spontaneous  fermentation.  An  aqueous  solution 
of  cane-sugar  containing  aniiiioiiiiiin  phosphate  left  to  itself  for  three 
months  in  summer,  yielded,  under  circumstances  not  further  specified,  a 
cryslailisable  sugar,  isomeric  -.villi  saccharose,  together  with  an  amorphous 
sugar  having  the  composition  of  a  glucose,  both  do  vfro -rotatory.  Para- 
saccharose  is  very  soluble  in  water,  nearly  insoluble  in  alcohol  of  90  per 
cent.  Its  specific  rotatory  power  at  10"  =.-  -|-  1(18°,  appearing  to  increase 
a  little  with  rise  of  temperature.  11  does  not  melt  at-  100°,  but  becomes 
colored,  and  appears  i.o  decompose.  It.  reduces  an  alkaline  eupric  solution, 
but  only  half  as  strongly  as  iloxlr"  glucose.  It  .is  net  perceptibly  altered 
by  dilute  sulphuric  arid,  even  at  It'Jit";  hydrochloric  acid  weakens  its  rota- 
tory power,  turns  the  solution  brown,  and  heightens  its  reducing  power  for 

Melitoso,  ClaHw0lr— A  l.-lnd  of  sugar  obtained  from  the  manna  which 
falls  in  opaque  drops  from  various  species  of  Euctdttpt'ts  growing  in  Tas- 
mania. It  is  extracted  by  water,  and  crystallizes  in  extremely  thin  inter- 
laced needles,  havine-  a  .slialiily  saccharine  taste. 

The  erystalsofniclire.se  are  Iivdrai.eii,  containing:  ("',.'TI-Ai  .  30HS.  They 
give  off  2  atoms  water  at  100°,  and  become  anhydrous  at  130°  C.  (206°  F.J. 
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They  dissolve  in  9  parts  of  colli  water,  vi;ry  easily  in  boiling  water,  and 
dissolve  also  in  boiling  alcohol  mnrc  freely  than  ninnnito.  The  alcoholic 
solution  yields  si  11  ill i  but.  we!!  i.1l-vb1ij£i«i1  crystals.  The  aqueous  solution 
turns  tho  plane  of  polarization  to  the  \-ijj:lil  :  I'm-  the  transition  tint  [a]  = 
-j-  102°. 

Melitose,  heated  with  dilute  sulphuric  noid,  is  resolved  into  a  fermentable 
sugar  (probably  dexti-oglneosei,  and  uuu-fevmi'utablc  euealyn  (p.  f>78). 
Molitose  ferments  in  contact  -.villi  yeast,  bui  is  resolved,  in  the  first  in- 
stance, into  glucose  and  eueulyti.  it.  does  tn>f.  reduce  an  alkaline  Cup ric 
solution,  and  is  not  altered  by  boiling  with  dilute  alkalies  or  with  baryta- 
water.  It  is  oxidiied  by  nitric  acid,  yielding  a  certain  quantity  of  mucie 
fluid,  together  with  :i  largo  r,-.iut:;ity  of  oxalic  acid. 

Melezitose,   C13IIs,0M. — This  variety  of  sugar    Is   found  in  the  so-called 

manna  of  llriauoon.  which  exudes  from  iiio  young  shoots  of  the  larch 
{Lara  Europxa).  The  manna  is  exhausted  with  alcohol,  which,  when  evap- 
orated, yields  mele/itose  in  very  smalt,  haivi,  slditing  elHorescent  crystals, 
which  give  off  1  per  eenl.  of  v/ator  when  heated,  niei!  below  140°  without 
further  alteration,  forming  n  liquid  which  solidities  la  a  glass  on  ceding. 
Melezltose  is  dextro-rotatory;  [n]  =  4-  94-1°.  It  dissolves  easily  in 
water,  is  nearly  insoluble  in  cold,  slight.!  v  soluble  in  bailing  alcohol. 

Meleiitose  decomposes  at.  about.  -Airp  V.  (:i»2°  F,).  It  is  carbonized  by 
cold  strong  sulphuric  aeid,  quickly  turns  brown  with  bui  ting  hydrochloric 
acid,  and  forms  oxalic  acid  with  nitric  acid.  liy  an  hour's  boiling  with 
dilute  sulphuric  acid,  it  U  oouverie'1  ini.o  glucose.  In  contact  with  yeast  it 
passes  slowly,  or  sometimes  not.  at  all,  into  vinous  fermentation.  It  is  not 
altered  at  100°  by  aqueous  alkalies,  and   scarcely   by   potassio-euprie  tar- 

Trehaloae,  C^II^O,,.  2011.,,  is  obtained  frotn  Trdialu  manna,  the  produce 
of  a  species  of  Bchinops  growing  in  tiie  Kast,  by  extraction  with  boiling 
alcohol.  It  forms  shining  rhombic  crystals,  containing  CJaHH0(|  .  20HS, 
which  melt  when  quickly  heated  to  IbV  (.!.  (^S"  F.) ;  but  if  slowly  heated 
give  oil  their  waler  even  below  ltuP.  it  has  a  strongly  saccharine  taste, 
dissolves  easily  in  waler  and  in  boiling  alcohol,  but  is  insoluble  in  ether. 
The  aqueous  solution  is  dextri)  rolalory  ;    [n]  =  -|-  199°. 

Uy  several  hours'  boiling  w-iih  dilute  sulphuric  aeid,  it  is  converted  into 
dextro glucose.  With  strong  nitric  acid  it.  forms  a  detonating  nitro-com- 
pound;  heated  wiih  dilute  uilric  aeid  it  yield-  oxa'.ic  aeid.  In  eon  tact  with 
yeast  it  passes  slowly  t\:-A  import'celly  into  alcoholic  icr mentation.  It  is 
not  altered  by  boiling  with  alkalies,  and  does  riot,  reduce  cuprous  oxide 
from  alkaline  cupric  solulions.  Heated  with  noetic  or  butyric  acid,  it  yields 
compounds  not  distinguishable  from  those  which  arc  formed  in  like  man- 
ner from  dextroglucoso  (p.  577). 

Mycose,  CuHjjO,,  .  20H3,  is  a  kind  of  sugar  very  much  like  trehalose, 
obtained  from  ergel  of  .rye  by  predicating  riie  aqueous  extract  of  the 
fungus  with  basic  lead  acetate,  removing  the  lead  from  the  filtrate  by 
sulph-hydrie  acid,  evaporating  10  a  syrup,  and  leaving  the  liquid  to  crys- 
talline. It  differs  from  h-ehalose  only  in  possessing  a  somewhat  feebler 
rotatory  power;  [a]  =  -I-  l'JJej11,  and  i:i  net  being  completely  dehydrated 
at  100°. 

Milk-sugar,  Lactin,  or  Lactose,  C^H^O,,  .  OH,.— This  kind  of  sugar  is 
an  important  constituent  of  milk  ;  il  is  obtained  in  large  quantities  by  evap- 
orating iekey  to  a  syrupy  state,  and  purifying  the  lactose,  which  slowly 
crystallines  out.  with  animal  charcoal.  It  forms  white,  translucent,  four- 
sided,  trimetric  prisma  nf  great  loftiness.  It  is  slow  and  difficult  of  solu- 
tion ill  cold  waler,  taapiiriiii*  fee  tha:   pernio. He  !.i  or  i)   times  its  weight :  it 
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has  a  faint,  sweet  taste.,  and  in  the  solid  sta:t:  feels  griHy  bet  worn  the  teeth. 
When  heated,  il  loses  water,  and  at  a  high  lomnoralure  blackens  and  de- 
composes.     niill;-sugar    combines,   with    bases,   forming   com] na-    which 

have  an  alkaline  react  ion,  ami  arc  easily  decomposed.  Dilute  acids  eon- 
vert  it  into  galaetoso  (p.  578). 

Milk-sugar,  when  distilled  with  oxidiy.ing  miAluros,  such  us  sulphuric 
acid  and  manganese  dioxide,  yield;  formic  acid.  With  nitric  acid,  it  forms 
mucic,  saccharic,  tartaric,  and  a  small  quantity  of  raccniic  acid,  and  finally 
oxalic  acid.  Very  -i.roug  liiti-io  acid,  or  a  mixture  of  nitric  and  sulphuric 
acids,  converts  milk-sugar  into  a  crystalline  subsiitut ion-product  called 
Ititro-laetin. 

Milk-sugar  is  not  brought  immediately  hy  yeast  into  the  state  of  alco- 
holic fermentation;  but.  when  it  is  left,  tor  some  rime  in  contact  with  yeast, 
fermentation  gradually  sets  in.  When  cheese  or  gluten  is  used  as  the  fer- 
ment, the  milk-sugar  is  ennvcrt.tid  into  lactic  acid.  Alcohol  is,  however, 
always  formed  at  the-  same  time,  especially  if  no  chalk  is  added  to  neutral- 
ize the  acid  as  it  forms;  the  quau:i;y  of  alcohol  formed  is  greater  also  as 
the  solution  is  more  dilute. 

Gam.  —  Gum-arabic,  which  is  the  produce  of  several  species  of  acacia, 
maybe  taken  as  the  most  perfect  type  of  this  class  of  bodies.  Tr.  iis  purest 
and  finest  condition,  it.  forms  while  or  slightly  yellowish  irregular  masses, 
which  are  destitute  of  orystaliiue  structure,  ami  break  with  a  smooth  con- 
eholdal  fracture.  It.  is  soluble  in  cold  water,  forming  a  viscid,  adhesive, 
tasteless  solution,  from  which  the  pure  sobd.de  gummy  principle,  or  arabin, 
is  precipitated  by  alcohol,  and  hy  basic  lead  acetate,  but  not  by  the  neutral 
acetate.  Arabin  is  composed  of  <.' ls)  1  „„<" J l±,  and  is  consequently  isomeric 
with  cane-sugar. 

Mucilage,  so  abundant  in  linseed,  in  the  roots  of  I  lie  mallow,  in  ft/Itp,  the 
fleshy  root  of  Orch'a  mdtcuhi..  anil  in  oilier  plants,  differs  in  some  respects 
from  gum-arabic,  although  it  agrees  in  the  property  of  dissolving  in  cold 
water.  The  solution  is  less  I  ran  spa  mil.  than  imii  of  gum,  and  is  precipi- 
tated by  neutral  lead  acetaic.  Oviii-irtiimenrdh  is  chieily  composed  of  a 
kind  of  mucilage  to  which  the  name  linssorin  baa  beer-  given;  it  refuses  to 
dissolve  in  v.- at  or.  mere'.y  softea'ug  and  a  ,-si  lining  u  golatinons  aspect.  It 
is  di.sscved  by  caustic  a.lca.li.  ('•rutin  is  the  insoluble  portion  of  the  gum 
Of  the  cherry-tree  ;  it-  resembles  hassovin.  The  composition  of  these  vari- 
ous substances  has  boon  eavoi'nily  examined  by  ivdimidt,  who  finds  that  it 
closely  agrees  with  that  of  starch.  Mucilage  invariably  contains  hydrogen 
and  oxygen  in  the  proportion  in  v.- hick  they  furm  water,  and  when  treated 
with  acid,  yields  glucose. 

Pectin,  or  the  jelly  of  fruits,  is,  in  its  physical  properties,  closely  allied 
to  the  foregoing  bodies.  It  may  he  cxi  earned  from  various  vcgetablo  juices 
hy  precipitation  with  alcohol.  It  forms  when  moist,  a  transparent  jelly, 
which  is  soluble  in  water,  tasteless,  ami  dries  up  to  a  translucent  mass.  It 
is  to  this  substance  that  the  firm  consistence  of  currant  and  other  fruit- 
jellies  is  ascribed,  .\eeording  to  I'ro'my.  the  composition  of  pectin  is 
CjjHjjOjj.  By  ebullition  with  water  and  with  dilute  acids  it  is  changed 
into  two  isomeric  modifications,  called  inin>per:iin  ami  wf'opcctm.  In  contact 
with  bases,  these  three  substances  arc  converted  into  pw.He  acid,  C,6HKCIS  (?), 
which  closely  resembles  pee; in,  except  that  i(  possesses  feeble  acid  proper- 
ties, and  is  insoluble  in  water.  By  long  boiling  with  caustic  alkali,  a  fur- 
ther change  is  prod -.iced,  and  Hirtufivj,'-  tit-iil.  ('...I  la.A;-  (''),  is  formed,  which 
does  not  gelatinize.  The  metallic  pectates  and  meiapoctalos  are  uucrystal- 
lizable.  Much  doubt  still  exists  respecting  the  composition  of  the  various 
bodies  of  the  pectin  group.;  but  from  t!:e  analyses  hilheri.o  made,  they  do 
not  appear  to  eon  in  in  hydrogen  ami  ovygeit  in  I  be  proportion  to  form  water, 
and  therefore  scarcely  belong  to  the  sugar  and  starch  group.., 
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OXYGEN-ETHERS, 
These  compounds,  which 
abstraction  of  a  molecule  of  water : 

CfHlsO0      —    Ha0    =    C6HlcO. 


.v.ivo  of  the  vegetable  or- 
polyglucosio   aloohols  by 


1  n-'i 
Glue 

CijHsAj      —    H20    =    CuHaA,,,  or  2C6H10O,, 
Diglucosio 
alcohol. 
CisHffiO,,.     —    H,0    =     C1BHM0,„  or  3C.H10O„ 

T-glu^c 
alcohol. 


CMKlon+IOsa+,    —    H,0    =    CauH10QOw, 

All  these  bodies  are  iherefore  isomeric  or  polyme 

Their  compounds  with  metallic,   oxides,  &c,  have  n 

vestigated  to  fix    their  exact  molecular  weight,  or 

case  the-  value  of  fl  ,'    but  fl  " 


■r  flcyr,/^. 
c  one  with  the  other, 
been  sufficiently  in- 


bodies  n-.=S. 


l  of  starch  into  glu- 
ion  of  certain  substitution-product;  obtained  by  t.lio 
i  cellulose,  it  ap|ie;in  most,   pra-jable    that  in  these 


Starch,  nC6HLi,Os,  probably  (?iaT!3l,()ls,  also  called  F^w/«  and  Amidine. — 
This  is  one  of  the  most,  important,  and  «  idely  did  used  of  the  vegetable  prox- 
imate principles-,  bciiiii-  found  lo  a  greater  or  loss  extent,  in  every  plant.  It 
is  most  abundant  in  certain  roots  and  tubers,  and  in  .-nil  (.terns:  seeds  often 
contain  it  in  large  quantity.  From  these  sources-  ilm  si  arch  can  be  obtained 
by  rasping  or  grinding  ihe  vegetable  .structure  to  pulp,  anil  washing  the 
mass  upon  a  sieve,  by  which  the  torn  cellular  li,s,-ue  is  retained,  while  tlio 
starch  passes  throng  with  iiie  liquid,  am!  eventually  settles  down  from 
the  latter  as  a  soil,  white,  insoluble  powder,  which  may  be  washed  with 
cold  water,  and  dried  at  a  very  gentlo  heat. 
Potatoes  treated  in  this  manner  yield  a  large 
proportion  of  starch.  Siun;h  from  grain  may  bo 
prepared  in  ilie  same  mitnncr,  by  mixing  the 
meal  with  water  to  a  paste,  and  washing  iho 
mass  upon  a  sieve:  a  nearly  white,  insoluble 
substance  called  ylHd-n  is  then  left,  containing  p, 
large  proportion  of  nitrogen.  The  gluten  of 
wheat-hour  is  extremely  tenacious  and  clastic. 
The  value  of  meal  us  an  article  of  food  greatly 
depends  upon  this  substance.  fh.areh  from  grain 
is  commonly  manufactured  on  the  la  rite  scale  by 
steeping  the  material  in  water  for  a  consider- 
able time,  when  the  lactic  aeid,  always  (level- 
oped  under  such  oiroumssaneos  from  ihe  sugar 
of  the  seed,  disintegrates,  and  in  part  dissolves 
the  azotized  mailer,  thereby  greatly  I'aeililaiing 
the  mechanical  separation  of  that  which  re- 
mains. A  still  more  easy  and  successful  process  has  lately  been  introduced, 
in  which  a  very  dilute  solution  of  caustic  soda,  contain;  :ig  about  20fl  grains 
of  alkali  to  a  gallon  uf  liquid,  is  employed  with  Ihe  sum  view.  Excellent 
starch  is  thus  prepared  from  rice.  Starch  is  insoluble  in  cold  water,  as 
60 
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indeed  its  mode  of  preparation  surfii-ioiis.lv  slmivs:  it  is  equally  insoluble 
in  alcohol  and  other  liquids,  which  do  not.  effect,  its  decomposition.  To 
the  naked  eye  it  undent*  tlic  appearance  of  a  soil,  white,  and  often  glis- 
tening powder :  under  liii'  microscope  it  is  scon  to  be  altogether  destitute 
of  crystalline  structure,  but  to  possess,  on  the  cunirary,  a  kind  of  organi- 
zation, being  mude  up  of  mull  dudes  of  lit  lie  rounded  transparent  bodies, 
upon  each  of  which  a  series  of  depressed  parallel  rings,  surrounding  a 
central  spot  of  hilum.  may  often  be  traced.  The  siarch-gi-anulos  from  dif- 
ferent plants  vary  both  in  mitgiiii  udo  and  for  in  :    ifioso  from  the  Carina  coc- 

cinea,  or  toon  les  viois,  and  pi o  being  laigosi  ;   and  those  from  wheat,  and 

the  cereals  in  genoiai,  very  union  smaili-r.  Figure  il>i!  "ill  serve  to  con- 
vey aii  idea  of  the  appearance  of  the  granules  of  potato-  starch,  highly  inag- 

When  a  mixture  of  starch  and  water  is  heated  to  near  the  boiling-point 
of  the  latter,  the  granules  burst  and  uisuppoa.r,  producing,  if  the  propor- 
tion of  starch  bo  considerable,  a  thick  fjolntinous  muss,  very  slightly  opal- 
escent, from  the  shred*  of  line  membrane,  the  envelope  of  each  separate 
granule.  By  the  addition  of  a  large  quantity  of  water,  this  gelatinous 
starch,  or  amidiii,  limy  be  so  far  diluted  its  to  puss  in  great  measure  through 
filter-paper.  It  is  very  doubtful,  however,  how  far  the  substance  itself  is 
really  soluble  in  wider,  at  least  when  cold ;  it.  is  mure  likely  to  be  merely 
suspended  in  the  liquid  in  (.lie  form  of  a.  swollen,  transparent,  and  insoluble 
jelly,  of  extreme  tenuity.  Gelatinous  starch,  exposed  in  it  thin  layer  to  a 
dry  atmosphere,  becomes  converted  into  a  yellowish,  horny  substance,  like 
gum,  which,  when  put  into  water,  again  softens  and  swells. 

Thin  gelatinous  si  arch  is  precipitated  by  many  of  the  metallic  oxides, 
as  lime,  baryta,  and  lead  oxide  ;  also  by  a  large  addition  of  alcohol.  In- 
fusion of  galls  throws  down  a  copious  yellow  isfi  precipitate  containing  tan- 
nic add,  which  re-dissolves  when  the  solution  is  heated.  By  far  the  most 
cli  a  rati  eristic  reaction,  however,  is  iliat.  with  free  vn. ■;,;,>,  wdiicli  forms  with 
starch  a  deep  indigo-blue  compound,  which  appears  to  dissolve  in  pure 
trntirr.  although  it  is  insoluble  in  solutions  couluiuing  free  acid  or  saline 
1..1.H1  r.  The  blue  liquid  has  its  color  destroyed  by  heal,  temporarily  if  the 
heat  be  quickly  withdrawn,  and  perina.nenlly  if  1  lie  boiling  be  long  con- 
tinued, in  which  case  the  compound  \~  decomposed  and  the  iodine  volatil- 
ised.     l)ry  starch,  put  into  iodine-wat.or,  acquires  a  purplish -black  color. 

To  unaltered  and  :  lie  gc'ai  in  outs  slave/:,  in  a.  dried  si  ale.  have  the  same 
empirical  formula,  C.HmOs.  A  compound  of  starch  and  lead  oxide  was 
in.md  to  contain,  when  dried  at  100=,  CWV  1'bO,  or  tIlal-ljA6 .  3PbO. 

Pcstm*. — When  gelatinous  slarch  is  boiled  with  a  small  quantity  of  di- 
lute Ruin;, uric,  hydrochloric,  or  indeed,  almost  any  acid,  it  speedily  loses 
its  cunpislency,  and  becomes  thin  ami  limpid,  from  having  suffered  convor- 
H.iti  nil  i  a  soluble  gum-like  substance,  culled  dextrin,  on  account  of  its 
■ieiiru  ruiatory  action  on  polarised  light.  The  experiment  is  most  con- 
veniently made  with  sulphuric  acid,  which  may  be  afterward  withdrawn 
by  saturation  with  chalk.  The  liquid  filtered  from  the  nearly  insoluble 
gypsum,  may  then  be  evaporated  to  dryness  in  a  water-bath.  The  result 
is  a  gum-like  mass,  de.si  ilule  of  cry  si  alline  si  ruoiuro,  soluble  in  cold  water, 
precipitable  from  its  solution  by  alcohol,  and  capable  of  combining  with 
lead  oxide. 

When  the  ebullition  wiib  ifie  dilute  tiold  is  con:mi,i.-d  for  a  considerable 
lime,  the  dextrin  first  formed  undergoes  a  furiher  change,  and  becomes 
converted  into  dexiro  glucose,  which  can  be  thus  art  iliciullv  produced  with 
the  greatest  facility.  The  length  of  time  required  for  this  remarkable 
ciiaiu'v.  depends  upon  the  ouanlity  of  acid  present;  if  the  latter  be  very 
small,  il  is  necessary  l.u  eonlinue   the  boi'i.ng   many  successive  hours,  re- 


yf  Google 


STARCH,  591 

placing  the  water  which  evaporates.  Viin  n  lar^oi'  proportion  of  acid,  the 
conversion  is  much  more  speedy.  A  mixture  of  i-j  parts  of  potato-starch, 
60  pacta  water,  am!  (j  parrs  sulphuric  acid,  may  be  kept  boiling  for  about 
fonr  hours;  the  liquid  neutralised  v.iili  chalk,  iDtt'i-oil.  and  rapidly  evapo- 
rated to  a  small  bulk.  By  digestion  with  animal  charcoal  and  a  second 
filtration,  much  of  the  color  will  be  removed,  al'ler  which  I  he  solution  may 
be  boiled  down  to  a  thin  syrup  and  le.'.'t  to  crystallize  :  in  the  course  of  a 
few  days  it  solidifies  Hi  a  mass  of  glucose.  There  is  another  method  of 
preparing  this  substance  from  .starch  which  deserves  particular  notice. 
Germinating  seeds,  and  buds  in  [he  and  of  development,  are  found  to  con- 
tain a  small  quantity  of  a  peculiar  a/niiicd  substance,  called  diastase;  formed 
at  this  particular  period  froat  the  gl.iie:!  of  '.enable  albuminous  matter. 
This  substance  possesses  the  same  curious  property  of  effecting  the  conver- 
sion of  starch  into  dextrin  and  glucose,  and  at  a  much  lower  temperature 
than  that,  of  cbulli'  ion.  When  a  lit  tie  infusion  of  mali,  or  germinated  hur- 
ley, in  tepid  water,  is  mixed  with  a.  lar/i;*  ipuuitity  of  thick  gelatinous  starch, 
and  the  whole  maintained  at.  about  71",  compile,  liquefaction  takes  place 
in  the  space  of  a  lew  minutes  from  ibe  production  of  dextrin  and  glucose. 
If  a  greater  degree  of  beat  be.  employed,  ibe  diaslnse  is  coagulated  and 
rendered  insoluble  and  inactive.  Very  iui-lu  is  known  respecting  diastase 
itself;  it  seems  very  much  to  resemble  ycoelable  a". 'a  urn  in,  but  has  never 
been  obtained  in  a  state  of  purity. 

The  ehange  of  starch  or  dextrin  info  susav,  whether  produced  by  the 
action  of  dilute  acid  or  by  diasiase,  lakes  place  quite  independently  of  the 
oxygen  of  the  air,  and  i.s  unaccompanied  by  any  secondary  product.  The 
acid  takes  no  direct  part  in  the  reaction ;  if.  may,  if  not  volatile,  be  all 
withdrawn  without  loss  after  the  experiment.  The  whole  reaction  lies 
between  the  starch  and  the  elements  of  water,  a  fixation  of  the  latter  oc- 
curring in  the  new  product,  as  will  be  seen  on  comparing  the  composition 
of  starch  and  glucose.  Dextrin  itself  has  exactly  the  same  composition  as 
the  original  starch. 

It  was  formerly  supposed  that,  in  the  action  of  acids  or  of  disastase  upon 
starch,  the  starch  is  liist  converted  into  dextrin  by  a  mere  alteration  of 
physical  structure,  and  that  the  dextrin  then  takes  up  the  elements  of 
water,  and  is  convevled  into  glucose,  ibis  second  stage  of  the  process  oc- 
cupying a  much  longer  time  than  the  first. ;  but.  from  recent  experiments 
by  Musoulus5"  it.  a] > pears  thai  both  dextrin  ami  glucose  are  produced  at  the 
very  commencement  of  the  reaction,  and  always  in  tlie  proportion  of  I 
molecule  of  glucose  to  i  molecules  of  dextrin,  whence  it  may  be  inferred 
that  the  molecule  of  starch  contains  t'.^l  lM0,v  and  that  it  is  resolved  into 
glucose  and  dextrin  by  taking  up  a  molecule  of  water: 

C,8HM01B        +        OIij        =        C6U„06        +        2C0H,,05 
Starch.  Glucose.  Dextrin. 

When  the  conversion  is  elTecied  by  a  dilute  acid,  Ibe  dextrin  is,  after  sev- 
eral hours'  boiling,  oomplcli  ly  converted  into  glucose,  which  is  therefore 
the  sole  ultimate  product  oi  the  reaction,  ISui.  when  dia.st.ase  is  used  as 
the  converting  agent,  the  production  of  glucose  goes  on  only  so  long  as 
there  is  any  unaltered  st.arcli  still  present,  ibe  ife\trin  undergoing  no  fur- 
ther alteration. 

Dextrin  is  used  in  the  avis  as  a  substitute  for  gum  ;  it  is  sometimes  made 
in  the  manner  above  described,  l.tui  more  frequently  by  beating  dry  polalo- 
staroh  to  400°  C.  (75.P  fc'.l,  by  which  it  acquires  a  yellowish  tint  and  be- 
comes soluble  in  cold  water,  (t  is  sold  in  this  state  under  the  name  of 
JltilUh  Gum. 

Starch  is  an  imporin.nl  uvii.de  of  food,  especially  when   associated,  as  in 
»  Oonrplffli  Bsndns,  1.TS5;  llv.  18i;  Ann.  Cu.  PhyB.  [3],  lx.  2QS;  [4J,  Yt 
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ordinary  meal,  wit.li  nlbmiiiuotis  suystauccs.  Arrowroot,  and  the  feoula  of 
the  Canna  eoer.hien,  are  very  pure  varieties,  employed  as  articles  of  diet; 
arrowroot  is  obtain  :■.-.  I  fro  in  the  Hlm-nfii/i  'irimtlhwrifi,  motivated  in  the  West 
Indies  ;  it  ia  with  diilioiilty  1 1  f .-=  1  i  aguish  in  I  liaun  potato  starch. —  Tnpine.it  is 
prepared  from  tlie  roi.it.  of  lite  Jmn-ii. ha  nwniiui!,  being  thoroughly  purified 
from  its  poisonous  jiriee.  —  Onxsar-a  Is  the  same  substance  modified  while 
moist  by  heat.  —  Siu/o  is  ma.de  [rata  the  soft  coniinl  portion  of  the  stem  of 
a  palm;  and  salr/i  from  ;.hu  iloshy  roe:,  of  : iio  (<.v.',;.<  nwscuia. 

Starch  From  Ice-lakj)  Moss.  —  The  lichen  called  0,-traria  Mandica,  puri- 
fied by  a  little  cold  Solution  of  potash  from  a  hitter  principle,  yields,  when 
boiled  in  water,  a  slimy  mid  nearly  colorless  liquid,  which  gelatinizes  on 
cooling,  and  dries  up  lo  a  yeliowlsh  niunrphous  mass,  which  does  not  dis- 
solve in  cold  water,  but  merely  softens  and  swells.  A  solution  of  this  sub- 
stance in  warm  water  is  nut  all'ected  by  iodine,  although  t.be  jelly  is  ren- 
dered blue.  It  isprcoiphaiod  by  alcohol,  lend  noeiine,  and  infusion  of  galls, 
and  is  converted  into  glucose  by  boiling  v.-illi  dilule  sulphuric  acid.  Ac- 
cording to  Mulder.ii.  contains  tV'ni'-V  '1'he  ji-lly  1'i-oin  certain  algie,  aa 
that  of  Ceylon,  and  the  so-called  Carni:/k-:-:n  m-jss.  closely  resembles  the 
above. 

InITLin.  —  This  substance,  which  differs  from  common  starch  in  some 
important  particulars,  is  found  in  l.he  root,  of  Inula  kdinium,  llelianthus  tu- 
berosum, dahlia,  and  several  oilier  plants :  it.  may  he  easily  obtained  by  wash- 
ing the  rasped  roof  on  a  sieve,  ami  a  lie  whig  I  he  in  id  hi  to  settle  down  from 
the  liquid;  or  by  out  Ling  the  root  into  I  h  in  slices,  boiling  these  in  water, 
and  filtering  while  iiot ;  the  hut!  in  sen  lira:  es  as  -.lie  solution  cools.  It  is  a 
white,  amorphous,  lasteiess  substance,  nearly  insoluble  in.  cold  water,  but 
freely  dissolves  by  (ho  aid  of  heat ;  the  solution  is  precipitated  by  alcohol, 
but  not  by  acetate  of  lead  or  infusion  of  galls.  Iodine  colors  it  brown, 
inulin  has  the  same  percentage  couiposUiou  as  eon;':: 011  starch.  By  boiling 
with  dilute  acids,  ii.  is  completely  eon  veil  oil  into  lei  uloso  {p.  577) 

Cellulose,  nC6IIl(in5.  proba'o'y  n.-TT.j.O,,;  a'.so  called  Lijnin,  —This  sub- 
stance constitutes  the  l"umiameu:id  material  of  ;iie  structure  of  plants;  it 
is  employed  in  the  orga.ui/a.t.iou  of  cells  and  vessels  of  all.  kinds,  and  forma 
:i  large  proportion  of  the  solid  parts  of  every  vegetable.  It  must  not  be 
confounded  with  lii/ii-.oax  or  icoodii  ■is.'iie.  which  is  in  reality  cellulose  with 
other  substances  superadded,  inerusiiug  the  walls  of  the  original  mem- 
bran  oua  cells,  and  conferring  si  iffuess  a  oil  inlle.vibilily.  Thus  woody  tissue, 
even  when  freed  as  much  as  possible  from  coloring  matter  and  resin  by 
repeated  boiling  with  water  and  alcohol,  yields,  on  analysis,  a  result  indi- 
cating an  excess  of  hydrogen  above  ihal  required  to  form  water  with  the 
oxygen,  besides  trace-  of  nitrogen.  1'ure  cellulose,  on  the  other  hand, 
has  the  same  per;:  cut  a  go  Composition  as  starch.* 

The  properties  of  cellulose  may  be  conveniently  studied  in  fine  linen 
and  cotton,  which  are  aimosi  entirely  composed  of  the  body  in  question, 
the  associated  vegetable  priuoiules  having  been  removed  or  destroyed  by 
the  variety  of  treatment  to  which  the  fibre  has  been  subjected.  Pure  cel- 
lulose is  tasteless,  insoluble  in  wafer  and  alcohol,  and  absolutely  innutri- 
tious;  it  is  not  sensibly  aileciod  by  boiling  water,  unless  it  happens  to 
have  been  derived  from  a  soli,  or  imperfectly  developed  portion  of  the 
plant,  in  which  ease  it  is  disintegrated  and  rendered  pulpy.  Dilute  acids 
and  alkalies  exert,  but  little  action  on  liguin,  even  at  a  boiling  tempera- 
te; strong  oil  of  vitriol  converts  it,  in  the  cold,  into  a  nearly  colorless, 
e  substance,  which  dissolves   in  water,  and  presents  the  characters 
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Of  dextrin.  This  curious  and  interesting  oxncrimoui  may  be  conveniently 
made  by  very  slowly  ;\i.{lJ ] h .lh  ccm.'-evii  rated  sitln'turie  a.oid  to  half  its  weight 
of  lint,  or  linen  cur  itiru  small  shred.s,  taking  ca  t-c  to  avoid  any  rise  of  tem- 
perature which  would  'to  attended  with  i:ii^rriiig  or  blackening.  The  min- 
ing is  completed  by  trituration  in  a  mortar,  atnl  the  whole  left  to  stand  ii 
few  hours;  after  which  it.  is  rubbed  up  with  water,  warmed,  and  filtered 
from  a  little  insoluble  matter.  The  solution  may  then  lie  neutrali'dcd  with 
chalk,  and  again  filtered.  The  gummy  liquid  retains  lime,  partly  in  the 
state  of  sulphate,  ami  partly  in  oomliiualion  ivith  snlpholignie  acid,  an 
acid  composed  of  the  elements  of  sulphuric  acid,  in  union  with  those  of 
cellulose.  If  the  liquid,  previous  to  uci.itrali/.slii.iu,  be  boiled  during  three 
or  four  hours,  and  the  water  eeplaced  as  ii  evaporates,  the  dextrin  becomes 
entirely  changed  to  glucose.  Linen  rag.-  may,  by  these  means,  be  made  to 
furnish  more  than  their  own  weight  of  r.hat.  substance.  If  a  piece  of  un- 
sized paper  be  dipped  lor  a  few  second-;  into  a  mixture  of 'J  volumes  of  con- 
centrated sulphuric  a.cid  and  1  volume  of  water,  and  then  thoroughly 
washed  with  water  and  dilute  ammonia,  a  substance  is  obtained  which 
resembles  parchment,  and  ha;  the  same  composition  as  cellulose;  it  occurs 
in  commerce  under  the  name  of  parchment  paper  (pa  pyrin).  An  esc  el- 
leut  application  of  in  is  subsumes  in  diffusion  experiments  is  mentioned  on 
page  149. 

Cellulose  dissolves  in  an  ammoJiiuca!  solution  (if  euprie  oxide  (prepared 
by  dissolving  basic  eupric  earlmtiiile  in  strong;  ammonia),  from  which  it  is 
preeipilar.eil  by  a.cids  in  colorless  flakes. 

Cellulose  is  not  colored  by  iodine. 

Xyloidih  anu  PviiMvLis. — When  starch  is  mixed  wiili  nitric  aeid  of  spe- 
cific gravity  1-5,  ii  is  converted,  without  disengagement  of  gas,  into  a 
transparent,  colorless  jelly,  which,  when  put.  into  water,  yields  a  white, 
curdy,  insoluble  substance:  this  is  xi/tot-iin.  When  dry.  it  is  white  and 
tasteless,  insoluble  even  in  boiling  wilier,  bur.  tVeeiy  dissolved  by  dilute 
nitric  acid,  anri  the  solution  yields  oxalic  acid  when  boiled.  Other  sub- 
stances belonging  to  ibu  same  class  also  yield  xyha'ilm;  paper  dipped  into 
the  sLrongcsi  nitric  uci:l,  (in'i-li'y  plunged  into  water,  and  afterward  dried, 
becomes  in  great,  part  so  changed  :  il  a.ssumes  the  appearance  of  parch- 
ment, and  y.oquires  an  cxtraord mary  degi'ee  of  combustibility. 

If  pure,  finely  divided  ligneous  matter,  as  cotlou-wool,  tie  steeped  for  a 
few  minutes  in  a  mixture  of  nitric  acid  of  n\>.  gr.  1-5  and  concentrated 
Sulphuric  acid,  then  squec/.od,  thoroughly  washed,  and  dried  by  very 
gentle  heat,  it  will  he  found  to  hin'o  increased  in  weight,  about  70  per  cent., 
and  to  have  become  highly  explosive,  taking  iire  at.  a.  temperature  not. much 
above  149°  C.  (300°  !'.(,  and  tmrtiiug  without  smoke  or  residue.  This  is 
pyroxylin,  the  gun-czWiii.  nf  Professor  Sehb'nbein. 

Xyloi'din  and  pyro\ytin  a.re  siihsiilulioii  products  consisting  of  Starch  and 
cellulose,  in  which  the  hvdrogen  is  mere  or  less  replaced  by  nitvyl,  NOa. 
Xyloldin  consists  of  O,.!!,,;  NO,  ;■<>.,  or  C^il^fNO,),'),,.  Of  pyroxylin  soveral 
varieties  are  known,  distinguished  by  their  different  degrees  of  stability 
ami  solubility  in  alcohol,  ether,  and  other  liquids.  AoCerdit.g  to  Uadow,* 
the  three  principal  varieties  are: 

».— CiaUB(N0.2>nOll..  or  (':,it::N"n, ';■/)„  insoluble  in  a  mixture  of  ether  and 
alcohol,  bin.  soluble  in  eilr.  ie  a.ceinio.  it.  is  produced  by  repeated  immer- 
sion of  cotton-wool  in  a  'mixture  of  2  moleenios  of  nitric  acid,  KO,H,  2 
molecules  of  oil  of  vitriol,  SO, II.,.  and  three  ntolccules  of  water. 

p. — t'ia!l.H(NO;1)fl0ls,    soluble  in  ether-alcohol,  insoluble  in  glacial  acetic 
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n  ether  anil  in 
rodueed  when  else  acid  mixture  contains  one  mole- 
cule more  water  than  in  a. 

The  first,  of  these,  which  consist!;  of  IrinliTOccHulose,  is  the  most  explo- 
sive of  the  three,  stud  tin?  icstst.  liable!  lo  spontaneiu.s  decomposition.  It  is 
the  only  one  adapted  for  use  in  gunnery,  stnd  is  especially  distinguished  us 
"gun-cotton."  From  the  experiments  of  General  von  Lenk,  of  the  Aus- 
trian servioe.il.  appeal'!!  that,  to  insure  the  uniform  production  of  this  par- 
ticular compound  the  following  precaution:-  are  necessary: 

1.  The  cleansing  and  poifeoi  dosieoaiion  of  the  cotton,  previously  to  its 
immersion  in  the  miMid  acids. — 2.  Tito  employment  of  (In:  strongest  acids 
procurable  in  commerce. — S.  The  sleeping  of  the  cation  in  a  fresh  strong 
mixture  of  acids  sifter  the  first,  immersion  and  partial  conversion  into  gun- 
cotton. — 4.  The  continuance  of  the  sleeping  fur  forty  -eight  hours. — 5.  The 
thorough  purification  of  the  emu-cot  ten  thus  produced  from  every  trace  of 
free  acid,  by  washing  the  r.roduci  in  a  stresim  ol'  water  for  several  weeks; 
subsequently  a  weak  solution  of  potash  may  he  used,  but  this  is  not  essen- 
tial. 

The  solution  of  lite  less  hm'uy  nirrated  compounds  in  alcohol  and  ether 
is  called  collodion.  This  solution,  when  left,  to  evaporate,  dries  up  quickly 
to  a  thin,  transparent,  adhesive  membrane  :  it  is  employed  with  great  ad- 
vantage 'n  surgery  as  an  air-lieof.  covering  for  wounds  and  burns.  It  is 
also  largely  mod  in  photography  (p.  98). 

Glycogsn,  nty-I^O,.  was  obtsi.inetl  by  .Bernard  from  the  liver  of  several 
animals  (calf  or  pig')  by  exhaustion  with  water  and  precipitating  with 
boiling  silcuhc'..  T'-.e  p-eeipiiate  is  purified  by  boiling  with,  di'ute  pot- 
ash, repeatedly  dissolving  in  strong  siceUe  acid,  and  precipitating  by 
alcohol.  Glycogen  also  enters  hugely  into  the  composition  of  most  of  the 
tissues  of  the  embryo.  The  monies  of  foetal  calves  of  three  to  seven 
mouths  have  been  found  to  yield  from  20  to  50  per  cent,  of  it. 

Glycogen  is  a  whim,  amorphous,  scsirch-tMio  substance,  without  odor  or 
taste,  yielding  an  opalescent  solution  wii.li  water,  but.  insoluble  in  alcohol. 
It  does  not.  reduce  an  alkaline  solution  of  copper.  This  substance  does  not 
ferment  with  yeast,  but  is  cunvenod  imo  glucose  by  boiling  with  dilute  acids, 
or  by  contact  with  dms;aso.  panc:cjlie  juice,  saliva,  or  blood. 
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ORGANIC  ACIDS. 

RGANIC  ACIDS,  or  carbon  acids,    are   derived,    as  we  have  several 
times  had  occasion  to   observe,   from  alcohols,  by  the  substitution  of 


oxygen  for  an  oquivalcn)  o.ueetiiy  of  hydrogen  (O  for  II.,) ;  hi  fact  they  are 
often  produced  dii-fut' j-  from  alcohols  by  the  him  ion  of  oxidising  agents. 
Now  the  formula  of  an  alcohol  is  derived  from  that,  of  a  hydrocarbon  by 
substitution  of  one  or  more  equivalents  of  hydroiyl  (Oil]  for  an  equal 
number  of  hydrogen -a  ton  is,  (lie  number  of  such  substitutions  determining 
the  atomicity  of  the  alcohol  {p.  ;">0fS),  thin  is  to  say,  the  number  of  its  liy- 
drogon-atoms  that  can  be  replaced  by  a  uionateiiiio  alcohol  radical  or  acid 
radical,  and  in  soine  cases  by  an  alkali-metal  ;  in  other  wnrds,  the  number 
of  ethers  that  an  alcohol  can  form  «  ith  a  ujonai  ionic  alcohol  radical  is  equal 
to  the  number  of  equivalents  of  hydroxyl  eontaisied  in  its  molecules;  thus 
glycerin,  which  is  a  !ri;i;ur:;ia  molecule,  yields  three  ct  hylic  ethers: 


CH2OH 

CH^)0,Hs 

CHOH 

OHjOH 
Mono  ethylin. 

CH,OC,Hs 

CHOH 

cir/nyi, 

Hi  ethylin. 

CH,OC,H, 

CHOC2Hs 

CH,OCsHs 

Tricthylin. 

CHOH 

CH.OH 

Glycerin. 

The  hydrogen  Ihus  replaceable,  called  li/pic  lii/ilro'/en,  is  that  which  is 
combined  with  the  carbon,  not  directly,  but  only  through  the  medium  of 
oxygen. 

The  number  of  acids  which  ney  nlcolud  can  yield  is  equal  to  the  number 
of  times  that  the  group  or  radical,  <;U,01I.  enter*  into  its  molecule;  and 
the  passage  from  the  alcohol  to  the  itoid  consisls  in  '.lie  .substitution  of  0 
for  H.  in  this  group,  or  in  the  conversion  nf  (.'I I .,011  imo  the  acid  radical 

CHS 
COOH,  called  ozabil.     TJras  eihvl  alcohol,    I  ,  whieh  is  monatomic, 

CILOH 
CH, 
can  yield  but  one  acid,  namely,  noetic  acid,    I  ;  but  ethene  alcohol  or 

COOH 
glycol,  wiiieii  is  diatiuuie,  yields  two.  vis.,  jdyco'dic  nr.ui  osalie  acid.s: 
CHaOH  CH2OH  COOH 

CHjOH  COOH  COOH 

Ethene  Glycollio  Oxalia 

alcohol.  acid.  acid. 

Further  observation  shows  lhat  iho  l,ish.il!i  of  an  organic  acid,  that  is  to 

Say  the  number  of  iis  hydrogen  -atoms   lhat.  can  be    replaced  by  metals  to 

form  salts,  is  equal  to  lhc  number  uf  equivalents  of  oxaiyl  eontaiued  in  it, 

or,  in  other  words,  to    the  number  of  hydrogen-molecules  (Ht)  that  have 

been  replaced  by  oxygen  (01,  in  the  mimed  hue   neighborhood  of  hydroxy  1 

(OH),  to    convert    iim   alcohol    into   an    acid.      Thus  from   propotie-glyeol, 

CsH9Os,  are  derived  the   two   diatomic    acids,  liint.se   acid,  C^HjOj,  which  is 

mueuljaiic,  and  inalcnic  acid,  t'3ll,!>4,  which  is  bibosic: 
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Otij.in 
in, 

CH,OH 
glycol. 

CH-OH 

in. 

COOH 

arid.' 

men. 

1 

coon 

The  atomicity  of  an  acid  is  the  same  a 

it.  is  derived  ;  -1ms  laeiic  acid,  though  it  ci 
drogen,  and  therefore  forms  only  one  da--  of  rneial'io  salts,  represented 
by  the  formula  C3H,0.M,  cilu  iurm.  nv"  c;hvlit  ethers,  viz.,  ethyl-lactic  acid 
and  diethyl-lactate  nr  cthyl-la-Ctate  ;  thus: 

CHjOH  CHjOCjHj  CHjOCjH 


L 


cooh  coon 

Lac  tic  aci  d  Ethyl-lactic 

(monobasic),  acid  (mono- 

basic). 


( :()0C,1T6 
Dicthelic 


lactate 

(„..,.i). 

From  these  considcratiens  it  appears,  t;rit  mor.titoiuk'  acids  must  neces- 
sarily he  monobasic;  but  diatomic  acids  may  be  cither  monobasic  or 
bibasic ;  triatomic  ncii.K  cither  monobasic,  bibasic,  or  tvibasic;  and  so  on. 

Many  of  the  mosi.  important  acids  are  derived,  in  the  manner  above  ex- 
plained, from  actually  known  alcohols  ;  others,  though  they  hare  no  alco- 
hols actually  corresponding  t.o  t.hcni.  sire  homologous  with  other  acids  de- 
rived from  known  alcohols;  but  there  is  also  a  considerable  number  of 
acids,  especially  those  formed  in  the  vegetable  or  iinimul  organism,  which 
cannot  be  regarded  us  derivatives  of  idoohols  of  any  known  series;  but 
the  number  of  these  unchissi^ed  itch  is  will  doubtless  diminish  as  their  com- 
position and  reactions  become  more  Mm ro uglily  known. 

These  acids  may  el  so  be  rei-arded  a-  coupon  nils  of  hydrosyl  with  oxygen- 
ated radicals  (acid  radicals)  formed  front  the  corresponding  alcohol-radi- 
cals by  substitution  of  O  for  II,,  of  as  derived  fYoin  one  or  more  molecules 
"'--■   ']   their  atomicity),  by   substitution  of  such  radicals 


Water. 
Water  (2  mol.) 


c'5'}» 

Ethyl  alcohol. 

H        \0 

(W' 

H       |0 

glycol. 


e  acid.         Malunie  acid. 


In  these  typical  formal;;1  of  polyatomic  acids,  the  (ypio  or  alcoholic  hy- 
drogen .(replaceable  enly  by  slcoln.iic  or  aeh!  radicals),  is  plaocd,  for  dis- 
tinction, above  the,  noid  radical ;  and  the  l.a.sic  hydee^ee.,  replaceable  either 
by  metals  or  alcohol  radicals,  below. 

The  acid  radicals  sic  denoted  by  jinnies  ending  in  ;,-!,  formed  from  those 
of  the  acids  themselves;  time,  O.ji.,0,  the  radical  of  acetic  acid,  is  called 
acetyl;  C,H40,  is  Inr.Ui! ;   (.'.,!  1,6... 'is  malomjl,  &c. 

The   replacement   of  ihe   hydroxyl    in   :m  uoid   by  chlorine,  bromine,  or 
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iodine,  gives  rise  to  add  ch'oi'id;^,  ito.  ;  ilsus  from  nc.cWa  acid,  CaHQ0(OH), 
is  derived  acetic  chloride,  l.'-.HAK'l,  St.  The  n.-placement  uf  the  hydrogen 
within  the  radieal  (:'adii;a!  iiyilni^eii)  hv  ihe  sitmo  elements,  or  by  the  rad- 
icals, CN,  NOj,  ail2,  ice.,  jrives  nsf;  "'  chlorinated,  bromiiiated,  cyanated, 
nitrated,  and  aroidated  iitsiclti  (fee  p.  ■Ki'.V.,  Lastly,  the  replacement  of  the 
tijpk  hydrogen  by  uloolinl-radicalH  gives  rise  t.n  eilH-roa]  salts  or  compound 
ethers;  and  its  replace  men  I.  by  acid  radicals  yield?  acid  osides  or  anhy- 
drides (p.  469).  The  derivatives  of  each  add  will  be  described  in  connec- 
tion with  the  acid  itself. 
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These  acids,  being  derived  from  mon 
0  for  H,,  necessarily  I       '    ' 
carbons  yields  a  serie 
acids;  thus: 

ily'lroiTirbtuis.  Alcohols. 

C„H,0+,  CBH     +0 

CDH,»  CnHj.0 

C  H-„_-  CD  HO 

C„H,„_,  CuH2n_,0 

&c.  &o. 

lo  acids   are   tl 


mic  alcohols  by  substitution  of 

cis  oi  oxygen.      liiicU  scries  of  hydro- 
alcohols  and  a  series  of  monaiomia 


t.'n  1 1..-. -J 


1.  —Acids  belonging  to  tho  series  CuHMOa,  or  CJf.la. 

These  acids  arc  called  fatty  or  aaipia  acids,  most  of  t 
cusisiciive,  :it;-:i    the  1 1 L ; - 1 1 c ■ ,   members  ol 
ing  is  a  list  of  the  known  acids  of  the 
and  boiling  points. 


sS 


-20'  C.  (-4°  X.) 

i°a     vuoF.j 


may  be  represented  on  ihe  iinivsii-jja-i  iyjie  and  on  the  water- 
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Type.  Acid. 

Marsh-gas.  .  CJ  £  C^    0  or  J 

I  [|  1  OH  0=0— OH 

Water   .  .  *[}OorH0H  (^"-'^'jOor  (CnHm_,0)'OH. 

If  in  either  of  these  formulas  w 
we  get  the  formula  of  formic,  ac 

(H  fCH.  fC.H.  fCaH.  i-C.H. 

C  J  0"  C  i  0"  C\  0"  C  J  0"  C  J  0" 

(.OH  [OH  I  OH  [OH  I  OH 

Formic.  Acetic.  Propionic.         Butyric.  "Valeric. 

The  acid  radicals  rr.  ]]',._-, 0,  in  sin:  watev-1  vpe  formula:,  mnv  be  regarded 
as  compounds  of  carbonyl  wii.li  aleolml  radicals,  O^lf^.jO  =  COtd-iH^-j), 
and  accordingly  I.ho  several  acids  may  be  represented  as  follows: 

oohj0        co(™,)j0        co(c,iis)joto 

formic.  Acetic.  Propionic. 

All  the  acids  of  the  scries  containing  more  than  three  carl) on- atoms  admit 
of  isomeric  modifications,  according  ki  the  cmslii.ul  ion  of  the  alcohol-radi- 
cal which  they  contain:  htuyrio  iLcid,  ( 'st  [..!>.,,  for  example,  may  exhibit  the 
following  modifications : 

Normal  "butyric  acid.  Isobutyric  acid. 


in, 

=C— OH  '         CHa 


CM..!"]].!'!! 


o=c—on 


0=0- 


But  none  of  these  acids  can  exhibit  modi  i'ca':.  cms  jiiii'ojras  to  the  second- 
ary and  tertiary  is]  oho  Is:  because  in  them  the  carbon  -atom  which  is  asso- 
ciated with  hydroxy!  has  two  of  its  other  units  of  equivalence  satisfied  by 
an  atom  of  bivalent  oxygen,  and  therefore  cannot  untie  directly  with  more 
than  one  other  atom  of  carbon.  Accordingly,  si.  i-  found  that  the  second- 
ary and  tertiary  alcohols  are  not  eon  verted  by  oxidation  into  acids  contain- 
ing the  same  number  of  carbon-atoms  as  themselves. 

Occurrence.  —  Most  of  the  fatly  acids  are  found  in  the  bodies  of  plants  or 
animals,  some  in  the  free  state:  formic  acid  in  nuts  and  nettles:  valeric 
acid  in  valerian  root;  pelargouic  acid  in  the  essential  oil  of  Pelargonium 
roisum;  and  oerotio  uehl  in  beos'-wax.  Others  occur  as  ethereal  salts  of 
monatomic  or  polyatomic  alcohols:  as  ceiyl  nalioiialo  in  spermaceti;  ceryl 
ocrotate  in  Chinese  wax ;  glyceric  biityriitc,  palmitate,  stearate,  &o.,  in 
natural  fats. 

formation.  —  1,  By  oxidation  of  (he  primary  isle  olio's  of  the  metliy'i  sencs, 
as  by  exposure  to  the  nil1  in  contact  «i;h  platinum  black,  or  by  heating  with 
aqueous  chromic  acid.  —  2.  Ky  the  oxidai  ion  of  nldolivdes.  In  this  case  an 
atom  of  oxygen  is  simply  added.;  e.  g.,  CaH40  (aldehyde)  +  0  =  C2H,02 
(acetic  acid). 

3.  By  the  action  of  carbon  dioxide  on  !ln>  mirassium  or  sodium  compound 
of  an  alcohol-radical  of  I  he  melliyl  series;   tins, 

Hosteo  lyCjOOQlC 
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crt3 

coa 

-|-            CH3Na 

COONa 

Curb  or 

,                        Sodium 

So.lium 

dioxide 

metuido. 

acetate. 

4.  By  the  actio 

ii  of  alkalies  or  acids  o 

□  the  cyanides  of  the  alcohol- 

radicals;  (yi^+j 

:  thus, 

C.HV+, 

CnH!B+, 

L       + 

KOH        +        OH, 

=          1              +        NHa 
COOK 

Alcoholic        Potassium             Water. 

Potassium-salt      Amnio- 

cyanide. 

hydrate. 

of  fn:  iy  acid,          aid. 

and: 

C0Hs0+1 

CnH„+, 

L.          + 

HC1          +        20H, 

*=          1              +      NH.C1 
COOH 

is 

Alcoholic      Hydroehlorio           Water. 

Potassium      Ammonium 

cyanide. 

acid. 

salt.              chloride. 

Tii  this  nniTitiPV  iho  cyanide  of  e.iidi  a!cohn!-i'adica!  viol.! 
Bait  of  the  acid  mix!  hisj-ln-r  in  the  series,  iliat  is,  contain 
carbon  more;  methyl  cyanide,  fur  example,  yielding  a 
cyanide,  yielding  propionic  acid,  kc. ;  thus, 


i„   +  Kt 

Methyl 
cyanide. 

)H        +         OH,        = 

1              +        NH3 
COOK 
Potassium 

5.  By  the  action  of  • 

.vater  on  the  corresponds 

lg  acid  chlorides;   e.  g., 

CjBjOCl        -f 
Acetyl 

HOB        =       HC1 

+ 

(yi3o(oH) 

ow,  these  acid  chlorides  can  he  produced,  in  s 
is  action  of  carbonyl  chloride  (phosgene  ««<-) 

omo  instances  at  least,  hy 

on  theccrres pending  pur- 

Methane. 

COCla       =       HC1 
Carbonyl 
chloride. 

+ 

C.IT.OOl 
ciihcide. 

Quartane. 

COC1,        =        1IC1 
Carbonyl 

+ 

c.ii„on 

Vahvyl 
chloride. 

By  these  combined  reactions,  therefore,  the  paraffins  may  be  converted 
into  the  corresponding  fatty  acids. 

6.  By  the  following  reaction,  the  fully  acids   may  ho  built  up  one  from 
the  other,  starting  from  iicct.ic  aeid.-:-     ihbyl  negate,  (reared  with  sodium, 
gives  up  one  atom  of  radical  hydrogen  in  exchange  for  that  metal: 
CH,  CH.Na 

2]  +        Na,        =         2  |  +         H, 

COOC8Hs  COOOjH. 

Ethyl  Monosodio 

acetate.  ethyl  acetate. 
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CUOi'Jl. 

Monoaodic 

ethyl  acetal 

If  ethyl  iodide  * 

ethyl  butyra' 


CH.CH, 
+  CH3I         =         Nal  + 

COOC.H, 
Methyl  Ethyl 

i.  iodide,  propionate. 

ere  used  instead  of  iiietlivl  iodide,  flic  product  would  be 
jOjOjIIy      It  has  cut  h(!(!ii  found  possible  to  produce,  by 
mis  ru.n':ii:!i,  the  higher  acids  of  Lin:  serif*  from  i'ormic  acid. 

The  six  modes  of  formaiioii  above  given  iire  general,  or  capable  of  being 
made  so.  There  are  also  special  nie:imds  of  producing  particular  acida  of 
the  aeries,  but  in  most  of  these  cases  the  reactions  cannot  be  distinctly 
traced;  thua  formic,  aeeiie,  propionic,  butyric,  mid  valeric  acida  are  pro- 
duced by  the  oxidation  of  albumin,  i L '; .  1  ■  1 1 1 .  casein,  gelathi,  and  other  similar 
substances;  propionic  and  butyric  acids  in  certain  kinds  of  fermentation] 
acetic  acid  by  the  destructive  distillation  of  wood  and  other  vegetable 
sub  stances. 

Properties.  — Mip!  (if  (In:  fatty  acids  are,  at  ordinary  1  emperaturea,  trana- 
parent  and  colorless  Liquids  ;  formic  and  acetic  in:  Ids  are  watery;  propionic 
acid  and  the  higher  acids,  lip  I"  pelargouie  acid,  are  oily;  rutic  acid  and 
those  above  it  are  solid  a!  ordinary  iotapcrnturcs.  most,  of  iheni  being  crys- 
talline fata;  cerotic  and  m.dissie  acids  arc  of  waxy  consistence.  By  in- 
specting the  tabic  on  page  51*7,  it  "'ill  ho  seen  that  tbc  boiling  points 
"  !  most  part,  by  24" 
r,  a  feu-  exception 
of  isomeric  modifications.  The  boiling  points  ol 
formic  and  acetic  acids,  however,  which  canno:  exhibit  any  such  modifi 
cations,  differ  by  only  17°  C.  (30°  F.). 

Submitted  to   tie  I 


/!' «.'(•■■:"■.«,'■■.  - 


n  the  fatty  a. 

n  evolved  by  electroly: ' 


,  the  o: 


atyl  (GOOl-n   c 


:ii:ie,l    i 


C,HB 

21 
COOH 
Valeric  acid 
2.  When  the 

phoric  oxide.,  it 
alcohol- rati  teal 


water  and  carbon  dioxide,  and  the  alcohol  radical  is  set 

=         OHs         +        2COa         +  1*    ' 

DiquartyL 

salt  of  either  of  these  acids  is  heated  with  phos- 
fater  and  ia  converted  into  the  cyanide  of  the 


This  reaction   i: 

.te, 

i  the  converae 

of  the 

Methyl 
fourth   mode  of  formation 

above 

given. 

8.  By  distilling 
quantity  of  potassi 

the    potassium 
urn  formate,   th. 

.  salt  of  a  fatty  acid   with  an  co-ui 
>  corresponding  aldehyde  ia  obtained 

valent 

COCHaJ0 

.         COH 
+            K 

}»  - 

CO(Cn,)H 

+     COjK,; 

rotn^imu 
acetate. 

" 

Aldehyde. 

Totassium 

Cii.it'i.iiate. 

CH,  CH. 

I                  +                H2  =                  I 

COH  OH,OH 

Aldehyde.  Alcohol. 

4.  By  sutijcotiu^  ■  lie  In  Hum  or  cukhnu  salt  of  a  faify  acid  to  dry  distil- 
lu-tion,  a  similar  dee(j-npo;ition  takes  place,  resulting  111  Ike  formation  of  a 
ketone  .- 

'°°  c""  }  °>      =      c°(CH3)i      +       COsCa" ; 
Calcium  Acetone.  Calcium 

and  the  ketone,  treated  with  nascent  hydrogen,  yields  a  secondary  alcohol: 
OH.  HjC  CHa 

I  +  Ha  =  V 

COCH3  CHOH 

Aeetoue.  Secondary 

propyl  ale  o  hoi. 

By  these  reactions,  the  fifty  acids  may  be  converted  into  aloohols. 

5.  The  fatty  acids,  heated  wiili  aknluds  in  sealed  uibes,  yield  compound 
ethers,  or  ethereal  salts,  water  being  eliminated: 

C,HvO(OH)     +     HOC.H,    =     OHs    +     C4HvO(OCaHs) 

Butyric  Ethyl  "  Ethyl 

acid.  alcohol.  butyratc. 

The  conversion,  however,  is  never  complete,  a  portion,  both  of  the  acid 

and  of  the  alcohol,  icinaiiiin;!  unaltered  in  ivlmtcvei-  proportion  they  may 

be  mixed. 

The  ethereal  suits  of  the  fatty  acids  arc,  for  the   most    part,  more  easily 
obtained  by  acting   upon  ike   alcohol  with  an  acid  chloride,  or   by  passing 
hydrochloric  acid  gas  into  it  solution  uf  rhc  fatty  acid  in  the  aleohol: 
C.H.OCl    +     HOC5Hs    =    HC1    +     C,H,0{OCaIIs} 
Eutyria  Ethyl  Ethyl 

chloride.  alcohol.  butyrate. 

Another  method  very  commonly  adopted  is,  to  distil  :i  potassium  salt  of  the 
fatty  acid  with  a  mixture  of  (.lie  aleohol  and  strong  sulphuric  acid.  In 
this  ease  an  acid  sulphuric  ether  is  tirsi.  formed  (a-  ethyl-sulphuric  acid 
from  ethyl  alcohol,  p.  527),  and  this  acts  upon  the  salt  of  the  fatty  acid  in 
the  manner  illusi  rated  hy  the  equation: 

SO,(OH)(OC,H()   +   C,H,0(OK)   =   CiH^fOCjH.)  +   BO,(OH)(OK) 

Ethyl -sulphuric  Potassium  Ethyl  Acid  potassium 

acid.  Duly  rate,  butyrate.  sulphate. 

The  ethereal  sal's  of  the  f;i:iy  acids  arc  oittiev  volatile,  oily,  or  syrupy 

liquids,  or  crystalline  solids,  foe  the  most  part  insoluble  in  water,  but  sol- 

-'■'     'n  aleohol  and  in  ether.     When  distilled  with  potash  or  soda,  they  take 

'   '    '  o  the  alcohol   and 


er  and  arc  saponified,  that  is 

to  say  resolve 

C4rT,0(OC2HB)     -f     HOH    = 
Ethyl                  Water, 
butyratfl, 

.     CJI,0(OH) 

IhiTyrie 

eyyoii) 

Ethyl 

alcohol. 
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6.  The  fatty  acids  are  strongly  acted  upon  by  the'  rhlorides,  bromides, 
oxytklorides,  iiml  tiiyLrunddi::,  <>f  ji.itot.pii'.inti,  yielding  c<r;V  chliiridt's  and  tro- 
niwfcs,  the  phosphorus  being  at  the  same  time  convened  into  phosphorous 
or  phosphoric  acid  ;   thus, 

8C,H,b(OH)  +  PC!S  =  POaHj  +  3C3H30G1 
Acetic  acid.               Phosphorus          Phosphorus  Acetic 

trichloride,  acid.  chloride. 

aCIL/lfO  II)  +  PClaO  =  POjH3  -f-  3C2IlaOCl 
Acetic  lit  id.                   Phosphorus          Phosphoric  Acetic 

oxybromide.  acid.  chloride. 

0,H,0(OH)      +      PC1E      =      PCI3O      +     HC1    +    C2H60C1 

Acetic  acid.  Phosphorus       I'liosphorie  Hydro-  Acetic 

pentachloi  idc.  oivcVJoriiie.  chloric  acid,  chloride. 
These  acid  chlorides  are,  for  the  most  part,  oily  liquids,  having  a  pun- 
gent acid  odor;  they  an:  easily  ■  1  ■ ! . ■ : , r  1 L p ■  ■■  s ■.' : L  iiy  water,  yielding  the  fatty 
acid  and  hydrochloric  acid.  This  decomposition  takes  place  also  when 
they  are  exposed  to  the  air:  hence  they  emit  dense  acid  fumes.  They 
react  in  an  exactly  similar  manner  with  alcohols,  as  above  mentioned, 
yielding  hyi'sivdik-.i-k:  !i<;id  ami  a  compound  ether. 

7.  The  chlorides  of  the  acid  radical.-,  (J,.  ll»n_,0,  act  violently  on  ammonia, 
forming  ammonium  chloride,  and  the  uirud,  corresponding  to  the  acid  from 
which  llity  an-  lie  rived  ;   e.  g., 

C2H30C1       +      2NH,       =       NH4CI       -f       NH,(CsH30} 
Acetic  Ammonia.        Ammonium  Aceiauiide. 

chloride.  chloride. 

8.  The  acid  chlorides,  distilled  wi'li  11  meiiiHie  salt  of  thy  cor  res  ponding 
acid,  yield  a  metallic  chloride  ami  the  oxide  or  anhydride  corresponding  to 
the  acid:  thus, 

C,H30C1      +      O,H,0(0K)      =      KC1      +      (<W>)aO 
Acetic  Potassium  Acetio 

chloride.  acetate.  oxide. 

■  In  like  manner,  when  distilled  with  the  noiiissiui?)  suit  of  another  mon- 
fttornicacid,  they  yield  oxides  or  anhydrides  condiiniiij;  two  inonatomic  acid 
radicals ;  e.  g., 

CSH30C1      +      C,HsO(OK)      =      KOI      +      ^h'o  }  ° 

Acetio  Potassium  Aceto-ben- 

chloride.  benzoale.  zoic  oxide. 

The  oxidos  of  the  faity  aeid  radicals  -nay  also  lie  prepared  by  heating  a 

dry  lead-salt  of  the  acid,  in  a  sealed  tube,  with  carbon  bisulphide  ;  e.  g., 


f  r>(V,[[3o 
D\OC,H,0 


-Vh     -iio  +  cs*  =  ma  +  c°!  +  2((v||v>;,t-> 


(C,H,0),0        +         OH,        =        2C,HsO(OH) 

Those  containing  two  acid  radicals  yield  one   molecule  of  each  of  the 
nv-pLnidiiig  acids. 


FATTY    ACIDS. 
oxides  (oxygen  ethers),  the  acid  oiidea   a 


e  of  a  compound  ether 


9.  The  fatty  acids,  -uSijeci  nil  to  the  aci  ion  of  i-hl'irhi--  or  hrominr,  give  off 
hydrochloric  or  b:.y.lr(jlj:-i:-mii;  acid,  and  a  I  0  cim  verier!  in  hi  subsli!  lit  in;]  i-0!ii  ■ 
pounds  containing  oik;  or  muvi:  atoms  ol'  chlorine  or  bromine  in  place  of 
hydrogen;  but  it  is  only  tin;  hydrogen  within  the  radical  that  can  be  thus 
exchanged,  the  typio  hydrogen  reniaiiiiujj  unaltered,  so  that  the  number 
of  chlorine  or  bromine-atoms  im.roducci.L  in  place  of  hydrogen  is  always 
less  by  at  least  ono  than  the  number  of  hydrogen-atoms  in  (.he  aeid; 


+      Cl2      =      HC1      + 


CiiiV 


=     3HC1    +         G?cist)i;n.ii.) 


'  their  ethereal  6 


KI     =     ICBr 


rie  acid. 

The  chlorinated  and  brominaled  f;illy  adds,  bulled  with  water  and  silver 
oxide,  exchange  the  whole  of  tin'ii'  chlorine  or  bromine  for  an  equivalent 
quantity  of  hydroxyl,  producing  now  adds,  which  differ  from  the  primi- 
tive acids  by  anumbev  of  arums  of  oxvgc-ti  eqaal  to  the  number  of  atoms 
of  Chlorine  or  bromine  present ;  e.  g., 

2CtH315rOa     +     Agp     +     HsO    =    2AgBr    +     20,H.O8 


C4H,BTtO,    +     AgjO     +     H,0    -f     2AgBr    +     C,HB04, 

Dibromo-  Dioxy-bu- 

butyrie  acid.  tyric  aeid. 

Dichloracetic  and  trichloracetic  acid  are  not  sufficiently  -tabic  to   exhibit 

this  transformation,  their  molecules   spSiiniijr   up   alloirelhcr  when   boiled 

with  silver  oxide. 

The  inonoeiiloriimicd  and  monobvominated  acids,  subjected  I"  the  action 
of  an  alcoholic  solution  of  ammonia  r/ax,  yield  ammonium  chloride  and  anew 
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acid,  in  which   I  tic  chlorine  or   bromine   is  replaced  by  ami  doge' 
monoehloracetic  acid  yields  amidacrt.ir  arid,  or  glycannc: 

C^CIO,    +    2NH3    =    NH<C1     +     C!H3(NII,,)Os 


COOH 

itrated  state  in  tin:  bodies  of  mils,  in  ibo  hairs  and  other  parts 
of  certain  caterpillars,  ami  in  stinging  11  cities,  it  may  lie;  produced  by  the 
first,  second,  and  fourth  of  the  above-mem  ioncd  general  methods  of  form- 
ing the  fatty  acids — \'vi..,  by  tin'  slow  oxidc.Tioi)  of  methyl  alcohol,  or  of 
formic  aldehyde,  in  contact  ■.villi  platinum  black,  and  as  a  potassium  salt 
by  heating  hydrocyanic  acid  ;  nyiininc:]  cyanide)  with  an  alcoholic  solution 
of  potash: 

HCN    -j-    KOH    +    OIIa    =    NHa    +    CHO(OE) 
Hydrogen.  Potassium 

cyanide,  formate. 

It- is  also  produced  by  certain  special  reactions— "viz:  a.  By  passing  car- 
bon monoxide  over  moist-  potassium  hydrate,  (lie  gas  being  thereby  ab- 
sorbed, and  producing  potassium  formate: 

CO        +         HOK        =        COH(OK) 
The  absorption  of  the  gas  i-  accelerate!  by  the  presence  of  a  considerable 
quantity  of  water,  and  -(.ill  more  by  alcohol  or  ether. 

/!.  i'-y  distilling  dry  oxalic  acid  mixed  with  sand  or  pumice-stone,  or 
better  with  glycerin: 

CsHs04        =        C02        +        CH.O, 
Oxalic  Carbon  Formio 

acid.  dioxide,  acid. 

The  distillation  of  oxalic  acid  '.villi  glycerine  is  a  very  advantageous 
mode  of  preparing  formic  acid.  The  glycerine  lubes  no  part  in  the  decom- 
position, hut  appear-  lo  act  by  preventing  the  temperature  from  rising  too 
high  :  when  oxalic  acid  is  distilled  alone  or  ivilli  sand,  the  greater  part  of 
the  formic  acid  produced  is  resolved  into  water  and  carbon  monoxide. 

y.  By  passing  carbon  dioxide  and  water- vapor  over  potassium  at  a  mod- 
erate heat,  acid  potassium  carbonate  being  formed  at  the  same  time: 

K2    +    2CO,     +     OH, 

I.  By  the  oxidation  of  sugar,  starch,  gum,  and  organic  substances  in 
general.  A  convenient,  mode  of  preparation  is  l.lie  following:  1  part  of 
sugar,  3  parts  of  jnaiia-anese  ditiNido.  and  :'.  parts  of  water,  are  mixed  in  a 
very  capacious  retort,  or  large  metal  still  ;  -i  parts  of  oil  of  vitriol,  diluted 
with  an  equal  weight  of  water,  are  then  added,  ami  when  the  first  violent 
effervescence  from  the  di-ougagoment.  ot'cailion  dio\ide  has  subsided,  heat 
Is  cautiously  applied,  and  a  considerable  quantity  of  liquid  distilled  over. 
This  is  very  impure:  it.  contains  a.  volatile  oily  matter,  and  some  substance 
which  communicates  a  putigency  not.  proper  to  formic,  acid  in  that  dilute 
state.     The  acid  liquid  is  jieniraliycd  ivit.ii  sodium,  carbonate,  and  the  re- 
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suiting  formate  purified  by  crystallization,  and.  if  needful,  by  animal  char- 
coal. Prom  this,  or  any  other  ol  its  sails,  solution  of  formic  acid  may  be 
readily  obtained  by  distillation  with  dilute  sulphuric  acid. 

To  obtain  the  acid  in  its  most  concentrated  stale,  the.  dilute  acid  is  satu- 
rated with  lead  oxide,  the  liquid  is  evaporated  to  complete  dryness,  and 
the  dried  lead  formate,  reduced  to  fine  powder,  is  very  gently  heated  in  a 
glass  tube  cornice  ted  with  :i  condensing  a  mm  rut  in,  through  which  a  cur- 
rent of  dry  sulphuretted  1  ■  y i ■  laigen  gas  is  transmitted.  It  forms  a  clear, 
colorless  liquid,  which  fumes  slightly  in  the  air,  has  an  exceedingly  pene- 
trating odor,  boils  at  ',iS-:VJ  {'..  (ilio0  P.),  and  crystallizes  in  large  brilliant 
plates  when  cooled  below  0°.  The  specific-  gravity  of  the  acid  is  1  -235  ;  it 
mixes  with  water  in  all  proportions :  the  vapor  is  inflammable,  and  burns 
with  a  blue  flame.  Concentrated  formic  acid  is  extremely  corrosive,  at- 
tacking the  skin,  and  forming  a  blister  or  an  ulecr,  painful  and  difficult  to 

Formic  acid  mixes  with  water  in  all  proportions.  The  aqueous  acid  has 
an  odor  and  taste  much  resembling  those  of  aoetie  acid:  it  reddens  litmus 
strongly,  and  decomposes  alkaline  carbonates  wiih  olVurveseencc.  Formic 
aoid  likewise  dissolves  readily  in  a^-ohol,  being  partly  converted  into  ethyl 
formate. 

Formic  acid  is  a  powerful  reducing  agent.  H  may  bo.  readily  distin- 
guished from  acetic  acid  by  bcatine;  i!  v.Uli  solution  of  silver  nitrate;  the 
metal  is  thus  reduoed,  sometimes  in  the  pulverulent  slate,  sometimes  as  a 
specular  coating  on  the  glass  tube,  and  carbon,  dioxide-  is  evolved.  Mer- 
curic chloride  is  reduce.*!  by  formic  acid  to  calomel.  Formic  acid  heated 
with  oil  of  vitriol  splits  up  into  water  ami  carbon  monoxide,  CHjO,=OH] 
+CO. 

Chlorine  converfs.  it.  into  hydrochloric  acid  and  carbon  dioxide: 


CH,Oj        +         01, 

=        2HC1        +         CO, 

Formic   acid    heated  with   strung 
diseiigageniunr.  of  hydrogen: 

2CHaOa    +    BaO    = 

Formic           Baryta. 

bases  is  oonverted  into  oxalic  acid,  with 
CaBaO,    +     H,     +     OH,, 
oxalate. 

Formates.  —  The  composition  of  t  It  esc  salts  is  expressed  by  the  formulae, 
CHO,M,  (CHOjsM'-',  ((Jltll,;,^!'",  ,x.c.,  according  to  the  equivalent  value 
of  the  metal  or  other  positive  radical  contair.ed  in  them.  They  are  all 
soluble  in  water:  their  solutions  form  dark-red  mixtures  with  ferric  salts. 
When  distilled  with  strong  sulphuric  acid  tltey  give  off  aeid  carbon  monox- 
ide, and  leave  a  residue  of  sulphate.  The  formates  of  the  alkali- metals 
heated  with  the  corresponding  sails  of  other  fat.i  v  acids,  yield  a  carbonate 
and  an  aldehyde  (p.  600). 

Sodium  formate  cryslnlliics  in  rhombic  prisms  containing  CTI02Na.  Aq.  It 
reduces  many  metallic   oxides  when   fused  with  them.      Potassium  formate, 

CHOsl£,  is  difficult  in  erys  taiiiie,  on  ace  en tils  great  solubility.     Ammo- 

miiiiifm-m.au  e ry si.;:  Ui*es  in.  square  prisms  :  it  is  v-ory  soluble,  and  is  decom- 
posed at  high  temperatures  into  hydrocyanic  aeid  and  water,  the  elements 
of  which  it  contains:  CllO^II,  tlOl^+ONII.  The  formates  of  barium, 
strontium,  calcium,  and  iMjii'Mra  form  small  prismatic,  easily  soluble 
crystals.  Lead  fanwi'i  cry" tall.iy.es  in  small,  diverging,  colorless  needles, 
which  require  for  sola:  ion  10  paets  of  eold  water.  The  ratmganoui,  ferrous, 
sine,  ■nickel,  and  tabaUfarmales  are  also  crys!  alii '.able.  C'iprk  formate,  is  very 
beautiful,  constituting  bright-blue  rhombic  prisms  of  considerable  magni- 
tude.     Silver  formate  is  ubit.e,  but  siiglnly  soluble,  and  decomposed  by  the 
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Methyl  formate,  CIIOjCII.,  isomeric  with  acetic  acid,  is  prepared  by  heat- 
ing in  a  retort,  ctjiial  weights  of  ntnual  methyl  sulphate  and  sodium  for- 
mats. It  is  a  very  volatile  liquid,  lighter  than  water,  boiling  bciwccn 
86°  and  38°. 

Ethyl  formate,  CIIO/VJI-,  isomeric  wil  h  methyl  aoeiale  and  propionic  acid 
(p.  476),  ia  prepared  by  distilling  a  mixture  of  T  parts  of  dry  sodium  for- 
mate, 10  of  oil  of  vitriol,  and  6  of  strong  alcohol.  The  formic  etlier, 
separated  by  the  addition  of  water  to  the  distilled  product,  is  agitated  with 
ii  link  magnesia,  uti'l  led  for  several  days  in  conlaci  with  calcium  chlcride. 
Ethyl  formate  is  colorless,  lias  an  aromatic  odor,  a  density  of  0-915,  and 
boils  at  5uD  C.  (133°  F.).     Water  dissolves  it  tc 


fCIIj       CH, 

C  i  0"  -- 


Acetic  Acid,  C.HA  =  CaH.O(OH),  or  CCCIT'OHl  -    CIO"  =  \  .— 

■■■-•■  •  j^0H        COOH 

This  acid  is  found  in  small  quantities  in  the  juices  of  plants  and  in  animal 
fluids.  It  may  bo  produce:!  Iiy  cither  of  tin-  first  five  general  methods  of 
formation  given  on  pages  ."i!!H.  r>W,  ami  in  pa.rtioular  by  the  slow  oxidation 
of  alcohol.  When  spirit  of  wine  is  dropped  upon  p. bit-inum  black,  the 
Oxygen  condensed  in  the  pores  of  the  latter  reacts  so  powerfully  upon  tho 
alcohol  as  to  cause  its  instant  inflammation.  When  the  spirit  is  mixed  with 
a  little  water,  and  slowly  dropped  upon  I  lie  finely  divided  metal,  oxidation 
Still  takes  place,  but.  with  less  energy,  and  vapor  of  acetic  acid  is  abun- 
dantly evolved.  In  all  these  modes  oi'  formation,  (he  acetic  aeid  is  ultimately 
producible  from  inorganic  niaiei'hils.  It  is  also  formed  by  the  action  of 
nascent  hydrogen  on  trichloracetic  acid,  which  may  itself  be  produced  from 
inorganic  materials.  Lastly,  a.eelic  acid  is  obtained,  together  with  many 
other  products,  in  the  destructive  distillation  of  wood  and  other  vegetable 
Substances. 

Preparation.  ■ — 1.  Dili  it  e  alcohol,  mixed  with  a  little  yeast,  or  almost  any 
aiotized  organic  matter  susceptible  of  pul  refaction,  and  exposed  to  the  air, 
speedily  becomes  oiidi/cd  i  o  aooiic  acid.  Acetic  aeid  is  thus  manufactured 
in  Germany,  by  suffering  such  a  mix  Hire  to  f.ow  over  w  owl-shavings  steeped 
in  a  little  vinegar,  contained  in  a  large  cylindrical  vessel  through  which  a 
current  of  air  ia  made  to  pass.  The  greatly  extended  surface  of  the  liquid 
expedites  the  change,  which  is  couipleied  in  a  few  hours.  No  carbonic  aeid 
is  produced  in  this  reaction. 

The  best  vinegar  is  made  from  wine  by  spontaneous  acidification  in  a 
partially  filled  cask  to  which  the  air  has  access.  Vinegar  is  first  introduced 
into  the  empty  vessel,  and  a  quantity  of  wine  added;  itfler  some  days,  a 
second  portion  of  wine  is  poured  in,  am!  ;;  Her  similar  intervals,  a  third  and 
a  fourth.  When  the  whole  lias  become  vinegar,  a  quantity  is-  drawn  off 
equal  to  that  of  the,  wine  employed,  and  the  unicess  is  recommenced.  The 
temperature  of  the  building  is  kept.'  up  to  iiO"  C.  (86°  F.).  Such  is  the  plan 
adopted  at  Orleans.*  In  England,  vinegar  is  prepared  from  a  kind  of  beer 
made  for  the  purpose.  The  liquor  is  opposed  to  she  air  in  half  empty 
casks,  loosely  stooped,  until  acidification  is  complet-e.  Frequently  a  little 
sulphuric  acid  is  afterwards  added,  with  the  view  of  checking  further 
decomposition,  or  molherhv],  by  which  the  product  would  bo  spoiled. 

When  dry.  hard  wood,  as  oak  and  beech,  i.s  subjected  to  deslruclive  dis- 
tillation at  a  red  heat,  acetic  acid  is  found  among  the  liquid  condensable 
products  ol'  the  opetailioii.  The  disi illation  is  conducted  in  an  ii  en  cylinder 
of  large  dimensions,  to  which  a  worm  or  condenser  is  attached;  a  sour 
watery  liquid,  a  quantity  of  tar,  and  much  inflammable  gas  pass  over, 
while  charcoal  of  excellent  quality  remains  hi  the  retort.  The  acid  liquid 
is  subjected  to  distillation,  the  first  portion  being   collected   apart  for   the 
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preparation  of  wood-spirit.  The  remainder  is  saturated  with  lime,  concen- 
trated  by  evaporation,  and   mixed   with    the    snliuion  of  sodium   sulphate; 

calcium  sulphate  is  thereby  precipitated,  while  r  ho  sic  otic  acid  is  transferred 
to  the  soda.  The  filtered  solution  is  evauoraied  to  its  crystallizing  point.; 
and  the  crystals  an;  drained  as  muck  is  possible  from  the  dark,  tarry 
mother-liquor,  and  deprived  by  ]i<ja1  of  their  combined  writer.  The  dry  salt 
is  then  cautiously  fn-cd,  by  which  the  lust,  portions  of  tar  are  decomposed 
or  expelled:  it  is  then  rc-dissoUert  in  water,  and  re- cry  stall!  zed.  Pure 
sodium  acetate,  thus  obtained,  readily  yields  acetic  acid  by  distillation,  with 
sulphuric  acid. 

The  strongest  acetic  acid  is  prepared  by  distilling  finely  powdered  anhy- 
drous sodium  acetate  with  three  rimes  its  weight,  of  concentrated  oil  of 
vitriol.  The  liquid  is  purified  by  rectilieation  from  sodium  sulphate  acci- 
dentally thrown  up,  and  exposeil  to  a  low  temperature.  Crystals  of  pure 
acetic  acid,  C..HaO.,,  thou  form  in  hirge  quantity  ;  they  may  be  drained  from 
the  weaker  fluid  portion,  mid  suffered  to  melt.  Below  I6a>°  C.  (60°  F.) 
this  substance,  often  called  ylur'u'l  iny-ii:  n6'l.  forms  large,  colorless,  trans- 
parent crystals,  which  above  that,  temperature  fuse  to  a  thin,  colorless 
liquid,  of  exceedingly  partem  ami  w ell- known  (alor:  it  raises  blisters  en 
the  skin.  .11.  is  misciblo  in  nil  proportions,  with  water,  alcohol,  and  ether, 
and  dissolves  cainjdior  and  several  resins.  When  diluted  it  has  a  pleasant 
acid  taste.  Glacinl  acetic  acid  in  the  liquid  state  has  a  density  of  1063, 
and  boils  at  130°  C.  (218°  F.).  Its  vapor  is  iiifliiiHiiiiil.il.),  and  exhibits  the 
variations  of  density  noticed' at.  page  4(11.  Ai.  tit)""  lb  (072°  F,),  or  above, 
St  is  2-08  compared  wiib  air,  or  lllf'  compared  wii  h  hydrogen,  agreeing  ex- 
actly  with  the  theoretical  density,  which  is  hiill'the  molecular  weight ;  hut 
at  temperatures  near  the  bciliuu"  poini  it  is  cnusiderab'v  groitler,  being  2-90 
at  140°  C.  (284°  P.),  and  3'20  at  125°  C.  {257°  F.)  (referred  to  air). 

Dilute  acetic  acid,  !,r  disfillc.it  vinegar,  used  in  pharmacy,  should  always 
be  carefully  examined  for  copper  and  lead  ;  I  heso  impurities  are  contracted 
from  the  metallic  vessel  or  cmidenser  sometimes  employed  in  the  process. 
The  strength  of  any  sample  of  noetic  ncid  cannot  be  safely  inferred  from 
its  density,  but  it  is  easily  determined  by  observing  the  quantity  of  dry- 
sodium  carbonate  necessary  to  siiluriiic  a  known  weight  of  the  liquid. 

Acetic  acid  exhibits  all  the  relictions  (if  the  fatty  acids  in  general  (pp. 
601-604).  The  acid  itself  does  not  readily  conduct  the  electrie  current, 
but  a  solution  of  poiassium  acetate  is  deeuniposeti  by  electrolysis,  with  for- 
mation of  dimethyl  or  ethane; 


CHS 

2  1  +     OH.    =     C„H.     +     H.    +     CO.    A      COfOK), 

COOK 
Potassium  Ethane.  Potassium 

acetate.  carbonate. 


Acetic  acid  is  not  lit  lucked  by  nitric  acid,  but  pcrunlit  add  converts  it  by 
oxidation  into  formic  acid  and  carbon  dioxide,  being  itself  reduced  to 
iodic  acid  or  even  to  free  iodine: 

C,H,0,    +     03    =    CHaO,     +     CO,    +     OH,. 

Potassium  acetate  distilled  with  ««m.:h  n ,■■  .■','.■■  gives  off  a  highly  inflam- 
mable and  cbarsici.crisi  icai'iv  folid  oil,  consisting  cbiciiv  of  arsendimethyl 
or  eacotlyl,  As5(ClI3),. 

Acetates, — Acetic  acid  forms  a  lurue  number  of  highly  important  salts, 
represented  by  the  lurmaho.  <:.,l[/),M,  H',\S/'.,).,M",  or  ;C2HaOa)sM'",  ac- 
cording to  the  equivalent  v:tbie  of  i  tie  tneials  eontained  in  them,  lieing  a 
monobasic  acid,  it.  cannot,  fore,  any  acid  salts  p.ropcrK   so  called,  that  is  liy 
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replacement  of  a  pari  of  its  typic  hydrogen  (p.  2i"2) :  but  the  normal 
acetates  of  the  alkali -metals  can  take  up  a  molecule  of  acetic  acid,  just  as 
they  take  up  water  of  eiysialliy.ntiou,  forming  sail;  called  ueoi  aei.litits  or 
iffiiKdifH,  CjHjO^M.  l'.yi40„.  There  are  also  'basic  acetates  formed  by  the 
union  of  a  molecule  of  a  normal  acetate  with  a  molecule  of  metallic  oxide 
or  by d rate. 

Potassium  Acetates. — The  annual  .in!/,  (\U.,0.,K,  crystallize;  with  great 
difficulty:  it  is  generally  met  with  :1s1  a  foliated,  white,  crystalline  mass, 
obtained  by  neutralizing  potassium  carbonate  1vit.l1  acetic  acid,  evaporating 
to  dryness,  and  heating  the  salt  to  fusion.  It  is  extremely  deliquescent, 
and  soluble  in  ivaler  and  alcohol  :  the  solution  is  usually  alkaline  from  a 
little  loss  of  acid  by  the  heat,  to  which  it.  lias  been  subjected.  From  the 
alcoholic  solution,  potassium  carbonate  is  thrown  down  by  a  stream  of  car- 
bon dioxide. 

The  acid  salt,  C,II30,'K  .  O.JT,t\.  is  formed  by  evaporating  a  solution  of 
the  neutral  salt,  in  excess  of  acetic  field,  and  crystalh/.es  by  slow  evapora- 
tion in  long  flattened  prisms.  It  is.  very  deliquescent.,  and  decomposes  at 
200°,  giving  off  crysiallizr.blo  acetic  acid. 

Somvar  Acetate,  CjHaOsNa  .  3  Aq.— The  mode  of  preparation  of  this  salt 
On  the  large  seals*  has  been  already  described  :  it  forms  large,  transparent, 
colorless  crystals,  derived  from  a  rhombic  prism,  which  are  easily  ren- 
dered anhydrous  by  heat,  effloresce  in  dry  air,  and  dissolve  in  o  parts  of 
cold,  and  in  an  equal  weight  of  hot  ivaler:  if  is  also  soluble  in  alcohol. 
The  taste  of  this  salt,  is  eool'ing  and  saline.  The  dry  salt  melts  at  288°  C. 
(550°  F.),  and  begins  to  decompose  at  315°  0.  (600°  F.). 

Ammontcm  Acetates. — The  nmtr/d  (tc-rtata,  (',fI;i<\NH4,  is  a  white  odor- 
less salt  obtained  by  saturating  glacial  acetic  acid  ivith  dry  ammonia  gas. 
It  is  very  difficult  to  obtain  in  1  lie  cry  si  rill  in  e,  form,  for  its  aqueous  solution, 
when  evaporated,  gives  off  ammonia,  ami  leaves  the  acid  salt.  When  dis- 
tilled with  phosphoric  oxide,  if  loses  '2  molecules  of  water,  and  gives  off 
ethenyl  nitrile  or  acetcnitrile,  (C,H,)'"N  =  CaH30?NH  —  20H,.  The 
aqueous  solution,  kimmi  in  the  riiartu  i!.';q-.o.'ia  its  >'.■.■  ■'.■■■V 'is  Mindereri,  is  pre- 
pared by  saturating  aqueous  acetic  acid  with  ammonia  or  ammonium  car- 
bonate. 

The  acid  salt,  CsTI30,XH4 .  r,II.tOs,  is  obtained  as  a  crystalline  sublimate 
by  heating  powdered  s.ti-itmiuoriiao  with  polassiuiii  or  calcium  acetate, 
ammonia  being  given  off  at.  the  same  time ;  also  as  a  radiated  crystalline 
mass  by  evaporating  I. be  aqueous  solution  of  the  neutral  salt. 

The  acetates  of  biti-hr::!-,  sleonliutK,  and  whhtui  are  vary  soluble,  and  can 
be  procured  in  crystals;    i."«./.".:.x;>.o.e  nf"/,;/,:  crystallizes  with  difficulty. 

Aluminium  Acetates. — This  salt  is  very  soluble  In  water,  and  dries  up 
iu  the  vacuum  of  the  ri.ir-puuni  to  a  gummy  mass  without  trace  of  crystal- 
lization. If  foreign  sabs  are  present-,  the  solution  of  i ho  acetate  becomes 
turbid  on  heating,  front  the  separation  of  a  basic  compound,  which  redis- 
solves  as  the  liquid  cools.  Aluminum  acetate  is  much  employed  in  calico 
printing:  it  is  prepared  by  mixing  solutions  of  lead  acetate  and  alum,  and 
filtering  from  the  insoluble  lead  sulphate.  The  liquid  is  thickened  with 
gum  01- other  suitable  material,  and  with  it.  I  he  design  is  impressed  upon 
the  cloth  by  a  wood-block,  or  by  other  means.  F\posure  to  a  moderate 
degree  of  heat  drives  off  the  acetic  acid,  anil  leaves  the  alumina  in  a  state 
capable  of  entering  into  eonibinalion  with  l.hc  dye-stuff. 

Some  very  intercs'inrr  researches  on  aluminum  acetate  have  been  pub- 
lished by  the  late  .Mr.  Waller  Crum.;i     The  sol  11  lion  obtained  by  decompos- 
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ing  aluminum  sulphate,  ;c!0..;3A!,,.  with  load  acetate,  may  be  supposed  to 
contain  neutral  aluminium  soeiaie,  i. '  ..1 '30,,)3AI"-'.  This  salt  canno!,  iiiiit- 
ever,  be  obtained  in  (lie  dry  state.  If  the  solution  In:  rapidly  evaporated 
at  low  temperatures,  by  being  spread  in  Ihiii  la.yors  on  glass  or  porcelain, 
:i  basic  3'jlubfc  acetate  is  obtained,  having  Hie  c oj iifio.-iit.iuii  4(i;2ll3()a)3A]"-'. 
AljOj.  ()  aq. ;  but  if  the.  solution  be  left,  to  stand,  or  submitted  to  tbe  action 
nf'hcat,  iusub.iblf.  basic  sails  are  precipitated.  dilTcring  in  composition  from 
the  former  only  by  containing  ■■'  or  d1  molecules  of  wsltr  instead  of  1'ouv. 

The  soluble  aluminum  aoetnio,  wdicn  exposed  in  a.  ililuie  solution  to  the 
temperature  of  boiling  water  for  several  days,  undergoes  a  very  remarkable 
change,  the  whole,  or  nearly  the  whole,  of.  tbo  acetic  acid  being  expelled 
by  the  action  of  beat.,  and  a  peculiar  .soluble  modi  hear.!  on  of  alumina  (al- 
ready described  under  Alujiixikm,  p.  :>JJ).  remaining  in  solution. 

Manganese  ace/at:-  forms  colorless,  rhombic,  prismatic  crystals,  permanent 
in  the  air.,  Fercoa.i  acetai*  crys.tnlli/.es  in  small,  greenish-white  needles, 
very  prone  to  oxidation  :  both  -alts  dissolve  freely  in  water.  Ferric  acetate 
is  a  dark  brownish-red,  uncryslalli/able  liquid,  of  powerful  astringent 
tcate.  Cobalt  acetate  forms  a  violet-colored,  crystalline,  deliquescent  mass. 
Tbe  nickel  salt  separates  in  green  oryatalH,  winch  dissolve  in  6  parts  of 

Lead  Acetates. — The  nomud  nail,  f'C..H,0.,;.,Pl)/',3  nq.,  is  prepared  on  a 
large  scale  by  dissolving  litharge  in  acetic  acid :  it  may  bo  obtained  in  col- 
orless, transparent,  pvismalio  crystals  bin-  is  generally  met  with  in  com- 
merce as  a  confusedly  crystalline  mass,  somewhat  resembling  loaf-sugar. 
From  this  circumstance  and  from  ils  sweet,  taste,  it  is  often  called  sugar  of 
lead.  The  crystals  tire  soluble  in  nhou!  1  !■  pans  of  cold  water,  effloresce  in 
dry  air,  and  melt  when  gently  heated  in  their  water  of  crystallization ;  the 
latter  is  easily  driven  elf,  and  the  anhydrous  still,  obia.ined,  which  melts, 
and  afterward  decomposes,  at  a  high  temperature.  Acetate  of  lead  is  sol- 
uble in  alcohol.  The  aqueous  solution  has  an  in  etisoly  sweet,  and  at  the 
same  time  astringent  taste,  and  is  not  preoijiiiafed  by  ammonia.  It  is  an 
article  of  great  value  to  the  chemist. 

Basic  Acetates  (Siibacelafes)  <;/  Laid.— A.  srsqtaimxic  acetate,  2(C„Hs02)aPb". 
Pb"0,  is  produced  when  the  neutral  anhydrous  salt  is  so  far  decomposed 
by  heat  as  to  become  converted  into  a  porous  while,  mass,  decomposable 
only  at  a  much  higher  temperature.  It  is  soluble  in  water,  and  separales 
from  the  solution  evapora.led  to  a  svrupv  consistence  in  tbo  form  of  crys- 
talline scales.  A  tnpkimbh  acetate",  (C:,ll30,).,Pb"  .  ->Vh"0,  is  obtained  by 
digesting  at  a  moderate  heat,  7  parts  of  finely  pen  lered  litharge,  6  parts 
of  lead  acetate,  and  30  parts  o.C  waler;  or,  by  miting  a  cold  saturated  solu- 
tion of  neutral  lend  acetate  wilb  a  fifth  of  its  volume  of  caustic  ammonia, 
and  leaving  the  whole  some  lime  in  a  covered  vessel.  The  salt  separates 
in  minute  needles  containing  one  molecule,  of  water.  The  solution  of  basic 
acetata  prepared  by  the  first  method  is  known  in  pharmacy  under  (he 
niiitio  el'  <;ani>:r>!.ir«t,-r.  There  is  also  a  scxpl  limbic  acetate,  (fl.1H.]0.,';,J.'b" . 
6Pb"0,  formed  by  adding  a-  great  excess  of  ammonia  to  a  solution  of  nor- 
mal lead  acetate,  or  by  digesting  the  normal  soli,  with  a  large  quantity  of 
oxide.  It  is  a  white,  slightly  cvvslalline  substance,  insoluble  in  cold,  and 
but  little  soluble  in  boiling  water.  The  solutions  of  the  basic  lead  acetates 
have  a  strong  alkaline  read  ion,  and  absorb  carbonic  acid  with  the  greatest 
avidity,  becoming  turbid  from  precipitation  of  basic  carbonate. 

Ccritic  Acetates.— The  normal  acetate,  (>' JLOA/hi .  an;.,  is  prepared  by 
dissolving  veriiii/ris  in  hot  acetic  acid,  and  leaving  the  filtered  solution  to 
cool.  It  forms  beautiful  dart-green  crystals,  which  dissolve  in  14  parts  of 
cold  and  5  parts  of  boiling  water,  and  arc  also  soluble  in  alcohol.     A  solu- 
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tion  of  tbia  salt,  mixed  with  sugar  and  heiitod.  yieldp  onpric  oxide  in  tha 
form  of  minute  red  oetohmlrsil  crystals:  riiu  residu;.!  copper  solution  is  not 
precipitated  by  an  alkali.  Cupric  :iod ulo  yields,  by  destructive  distilla- 
tion, strong  acetic  acid  containing  acetone  and  ootst  htm  mated  witli  copper. 
The  salt  is  sometimes  tailed  difid./sd  iwrdiyris,  and  ja  used  as  a  pigment. 

Basic  Cupric  Acrt'ilM.  —  Common  verdigris,  mode  Ijy  spreading  tlie  mare 
of  grapes  ttuon  plates  of  copper  exposed  10  the  air  for  several  weeks,  or  liy 
substituting,  with  the  same  view,  pieces  of  clot.!*  dipped  in  crude  acetic  acid, 
is  a  mixture  of  several  basic  ouprii>  aeeiates  uludi  have  a  green  or  blue 
color.  One  of  these,  i;CaIl.,0;!).,Cu".  OuO .  ii  aq.,  is  obtained  by  digesting 
the  powdered  verdigris  in.  warm  water,  and  leaving-  the  soluble  part  to 
spontaneous  evaporation.  II  tonus  a  blue,  crystalline  mass,  but  lit  Ho  sol- 
uble in  cold  water.  When  iioiled,  ii.  deposits  a  brown  powder,  which  is  a 
subsolt  with  large  excess  of  base,  'tin:  green  insoluble  residue  of  the  ver- 
digris contains  (C2!I..D2)i!(!u  .  20uO  .  3  a.p  ;  in  may  he  formed  by  digesting 
normal  cupric  acoime  wit  ii  tlie  In  drale.d  oxide.  Jty  ebullition  with  water 
i;.  is  resolved  in:o  normiil  aeetare  and  tlie  brown  basic  salt. 

Silver  Acetate,  C;II.,0,Ag,  is  obtained  by  mixing  potassium  acetate 
with  stiver  nitrate,  and  washing  the  precipitate  wiih  cold  water  to  remove 
the  potassium  nitrate.  It  crystallizes  1'roui  a  warm  solution  in  small  color- 
less needles,  whic-Ji  liave  but-  little  solubility  in  the  cold. 

Mi'rcKfwtf.  awJjtti  forms  sma'.l  scaly  crystal,  which  are  as  feebly  solu'.i'.e 
as  Uiose  Of  acetate-  of  silver.     Mercuric  uo:htls  dissolve;  with  facility. 

Mettiyi  Acetath,  C,  (LO.CIIj,  occurs  in  crude  wood -spirit.  It  isprepared 
by  distilling  2  parts  of  methyl  alcohol  wit  Ii  r  pari  of  glacial  acetic  acid  and 
1  part  of  sulphuric  acid,  or  1  part-  of  methyl  alcohol  v.ii  Ii  1  part  of  potas- 
sium acetate  and  2  purls  of  sulphuric  ncid.  When  purified  by  rectification 
over  calcium  chloride  sum  i|ii;;;kliiee.  ii  forms  -,:  colorless  fragrant  liquid 
of  sp.  gr.  0-951)2  at  0=>,  boiling  at.  S.7J  or  f/i'->  (J.  {181°-133°  F.).  It  dissolves 
in  water,  and  mixes  in  al!  proportions  with  alcohol  and  other. 

Ethyi,  ACETATE,  CJLO/Vtr  may  be  prepared  by  heating  together  in  a 
retort  3  parts  of  potas-iuni  a  eel  ale,  'i  purls  of  si  fong  alcohol,  and  2  parts 
Of  oil  of  Vitriol.  The  distilled  product,  is  mixed  with  witter,  lo  separate  the 
alcohol,  digested  firs'  v.-iih  a  little  chalk,  anil  afterwards  with  fused  calcium 
chloride,  and,  lastly,  rectified.  The  pure  ether  is  no  exceedingly  fragrant 
limpid  liquid:  it  lisi.s  a  density  of  0-StJO.  and  boils  at  7:3  8°  C.  (165°  F.), 
Alkalies  decompose  it  in  the  manner  already  mentioned  (p.  001).  "When 
treated  with  ammonia,  il  yields  iit.clnudrk,  rllljC2H30. 

Ahyl  AoETATh,  CTTjO/'jli,!,  prepared  in  it  similar  manner,  boils  at  133° 
C.  (272°  F.).  It  possesses  in  a  remarkable  manner  the  odor  of  the  Jar- 
gonelle pear,  and  is  now  manufactured  on  u  large  scale  for  flavoring  liquors 
anil  confectionery. 

Ethene  Acetates.  —  These  compounds  may  be  derived  from  ethene  al- 
cohol (glycol)  by  suostitnl ion  of  one  or  two  equivalents  of  acetyl  for  hydro- 
gen. The  mtmacetate,  (C2H,)"  j  fr}  ,.„,i»  produced  by  heating  ethene  di- 
bromide  with  an  alcoholic  solution  of  potassium  acetate.  The  product  is  dis- 
tilled, the  portion  coining  over  at  1S2'M"!.  [:i!iiy!  V.)  being  kept  separate.  It  is 
a  colorless,  oi'.y  liquid,  miseible  in  eve?-,-  proiinrlion  v.illi  enter  or  alcohol. 
Hydrochloric  :n:id  gas  passe;!  into  eiiione  n  onnootit:o  converts  it  into  ciiieiio 
acetochloride,  or  glycol  ic  eh  lorn  actio,  I'W  ()r,  ^  Q,  which  is  precipitated, 
.n  oily  liquid  boiling  at"ll.,°  C.  (2&i'J  F.l.      Trcat- 
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ment  with  potash  decomposes  it  into  eilienc.  osidc,  potassium  acetate,  and 
potassium  chloride. 

i,(Aenerfioce(o!*,ClH4|Q^^!Q,  is  prepared  by  digesting  a  mixture  of 
ethone  dibromidc,  silver  aoelnlc,  iim.i  glacial  sum  tie  acini  in  the  water-bath, 
and  exhausting  the  digested  was  wirii  ether,  (hi  distilling  the  ethereal 
solution,  the  ether  lit'st.  passes  ever,  llien  ilu'  ncuti.;  acid,  and.  lastly,  when 
the  temperature  has  reached  1S7°  C.  r-KH*  1''.),  cilic.no  diaeetate.  It  is  a 
colorless,  neutral  liquid,  of  s.p.  gi\  1 -I'-ie',  at.  <i°  ;  soluble  in  7  parts  of  water 
and  in  every  proportion  m  alcohol  and  ether. 

Pbopknti  or  OtYfiEBTL  AcET.'.rjis :  ob.  Acnrss.  —  Those  ethers  are  de- 
rived from  propcnvl  alcohol  i'<il  veerin;  liy  substitution,  of  1,  2,  or  3  equiva- 
lents of  acetyl  for  hydrogen.  The  formula  ul' glycerin  being  (C3H6)'"  0H3, 
these  of  the  three  aeetins  are: 

Monoaeetin        .        .         .     (C.II.)'"(OH)s(OCsHaO) 

Uiacelin         .         .         .         (CJI,.  ,'".()1!'..  ■  irjl^):, 
Triacetiu  ....     (C0H6)'"(OC^SflOJ, 

They  are 
gcther,  ii 

Acetio  Chloiiuu;  on  AcnTvr,  C immune,  C.lijOOl. — This  compound,  which 
has  the  constitution  of  acetic  acid  wiili  elilomie  -ubsliluted  for  hydroxy!, 
is  produced,  as  already  observed  jp.  fiOii).  by  ilie  aetion  of  phosphorus  tri- 
chloride, pentachloiado,  or  oxycliloride  on  glacial  acetic  acid.  The  pro- 
duct heated  with  water  mid  dilute  ?  ml  a- se.hu  ion,  to  remove  phosphorus 
oxychloride  and  hydrochloric  aeid.  and  then  rectified,  yields  acetie  chlo- 
ride as  a  colorless  liquid,  uaving  a  sin'locm  lug  oil  or  and  c  mi  Hi  tig  dense  fumes 
Of  hydroohloric  aeid  in  contact,  with  the  air.  it  is  heavier  than  water,  boils 
at  55°  C.  (131°  F.  i.  ami  is  'iccoinposod  by  water  and  alkaline  solutions, 
eHvi:iij_f   hi  ai.ioliionc  and  acetic  acids. 

Anhydrou 

1.  By  the  action  of  acetyl  cole  ride  on  uoiassiuni  or  sodium  acetate : 

CsH,0(01Ta)     +     CaBaOCl    =    KaCl     +     (C,H,0)aO. 

2.  By  heating  sodium  aoelate  ivit.li  ben/.oyl  chloride.  ('.11.001,  whereby 
henzo-aoetic  oxide  is  formed  in  the  iiisi.  instance,  and  subsequently  resolved 
into  acetic  and  benzoic  oxides,  the  former  distilling  over,  while  the  latter 

C5H30(ONa)      -f      C,HsOCl      =      NaCI      +      c'h'o}0 
Sodium  acetate.  Benzoyl  Eenzo-acetio 

chloride.  oxide. 

2{oao}°        =  (C.H.°>.°        +        (W).° 

Benzo-aeetie  Acetio  Benzoic 


Acetic  oxide  is  a  heavy  oil  which  dissolves  slowly  in  water,  being  gradu- 
ally converted  into  acetio  aeid  : 

[C,H^))jO  +  OHa  a  2O,Ha0(0H). 
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Afi'h  dirii-fl from  Acrfie  And  hi/  SiiJ't.fiiu.'.'on. 

OntOB.\OETic  AciiDS.— The  three  aoiib.CJljI'lOj.Cyi/.'ljOj,  and  C.HCljOj, 

are  produced   by  the   action  of  chlorine    on    acetic   acid   in   sunshine;   (he 

second,  however,  is  formed  in  small  0.11a  nii(y  only,  the  first  or  the  third  be- 

ing  produced  in  ^rearusi   afcomlance    accurdme;  as   the    acetic   acid   or    the 

Monochloracetic  ur.id,  C,H,< "10:011!,  is  produced,  according  to  R.  Hoff- 
mann, by  the  action  of  chlorine  on  boiling  glacial  acetic  acid  in  sunlight. 
Dr.  H.  Midler  finds  Unit  tin:  formalion  of  munochloraoetie  acidis  facilitated 
by  dissolving  a  little  iodine-  in  I  he  hydratod  acetic  i.eiil,  anil  passing  a  stream 
of  chlorine  through  the  boiling  solution.  On  submiltinp;  the  products  of 
this  reaction  to  repealed  distillation,  a  substance  is  obtained  boiling  at 
186°  C.  (367°  F.),  and  solidifying  l-o  a  crystalline  mass  which  melts  at  64= 
C.  (147°F.)  and  dissolves  with  facility  in  water.  This  acid,  when  heated 
With  potash,  is  converted  into  potassium  ply  Collate  (p.  604): 

C,HaC10,      +      2KHO     =     KC1      +     CsH0OsK      +      OB.l 
Chloraeetic  Potassium 

acid.  glyeollate. 

DicMoracetic  odd,  C,H('.'!./)(Oir:,  is  produced,  together  with  the  preceding 
compound,  by  the  action  of  chlorine  and  iodine  on  hoiling  noetic  acid,  and 
19  found  in  that  portion  of  ihc  produci  which  hoi  Is  aliove  188°  C.  (370°  F.), 

According  to  Maumeue,""  il  may  ho  obtained  by  exposing  monochlor- 
aeetic  acid  in  largo  Husks  to  the  ad  ion  of  dry  chlorine  (■">  a  loins  of  chlorine  to 
3  molecules  of  chlornci'lh:  acid)  for  twenty-four  hours,  wanning  the  product  to 
expel  hydrochloric  acid,  ami   then  dislillittii;.      Ai    ordinary  temperatures  it 


is  a  liquid  havin;;  ;i  ■  pool  lie  jrsvily  of  I  ■»'!  1'i  at  \"r  ('.  ;  oil"  F.),  and  boiling 
at  105°  C.  (221°  F.).  According  to  M  tiller,  if  remains  liquid  when  cooled; 
but  according  to  Maumene,  it.  oryftaUi/.e;  in  vhomlioheiival  plates.      It.  forms 


a  soluble  silver  salt.  t'',Tl'C!,0,Ag,  which  is  decutuposed  wlien  its  solution  .a 
heated,  with  silver  ox.iilo  to  Vo"  or  80",  frh  ing  olf  a  mixture  of  carbon  mon- 
oxide and  dioxide : 

2C!HCIa08Ag  +  3AgaO  =  2CO  +  2C02  +  4AgCl  +  2Aga  +  Offj. 

Trichloracetic  add,  C2ClaO(OH}.— Discovered  by  Dumas.  "When  a  small 
quantity  of  cryst.allijable  acetic  aciii  is  introduced  into  a  bottle  of  dry 
chlorine  gas,  and  the  whole  exposed  to  the  direct  solar  rays  for  several 
hours,  the  interior  of  the  vessel  is  found  coated  with  a  white  crystalline 
subs'auee.  which  is  a  mixture  of  trichloracetic  acid  with  n.  small  quantity 
of  oialic  acid.  The  liquid  at.  tiie  bottom  contains  the  same  substances,  to- 
gether with  the  unaltered  acetic  acid.  Hydrochloric  and  carbonic  acid 
gases  are  at  the  sumo  lime  produced,  together  with  a  suffocating  vapor,  re- 
sembling carbonyl  chloride.  The  eiysta.lliue  man.-r  is  dissolved  out  by  a 
small  quantity  of  water  added  to  the  liquid  contained  in  the  bottle,  and  the 
whole  is  plaeed  in  the  vacuum  of  the  air-pump,  with  capsules  containing 
fragments  of  caustic  pota.sh  and  oonoeni  tat.cd  sulphuric  acid.  The  oxalic 
acid  is  first  deposited,  and  afterwa.nl  the  trichloracetic  acid,  in  beautiful 
rhombic  crystals.  If  the  liquid  refuses  to  crystallise,  it  may  be  distilled 
with  a  little  anhydrous  phosphoric  acid,  and  (hen  ei-aporaled.  The  Crys- 
tals are  spread  upon  bibulous  paper  lo  drain,  and  dried  in  a  vacuum. 

The  reaction  probably  lakes  place  according  to  the  equation: 

4C,H,0,     +     11C1,    =     20,1101,0,,     +     CjH  0,     +     10UC1 
Acetic  acid.  Trichloracetic        Oxalic 


*  Pull.  BocClUm.  do  Pons,  [2],  I.  411. 


,  by  Google 


ACETIC  ACID.  613 

Tilt?  chloroform  is   converted.  W  the    further  action    of  the   chlorine,  into 
earbou  IciracUoride.  CC1,  (Manmene). 

Trio hloraee tic  acid  may  also  bo  produced  synthetically,  viz.,  by  the  ac- 
tion of  chlorine  and  valor  on  carbon  tetracidoridc,  this  compound  first 
taking  up  1  atoms  of  ehlorine  and  forming  carbon  trichloride,  C2C19,  and  the 
latter  being  converted  by  the  walcr  i;:to  hydrochloric  and  trichloracetic 
acids: 

C,C!1,        +        20Ha        =        oHCl        +        CjHCy), 

Trichloracetic  acid  is  it  colorless  and  extremely  deliquescent  substance  : 
it  has  a  faint  odor,  ami  sharp  can- lie  taste,  bleach  iuij  I  lie  tongue  and  de- 
stroying the  skin  :  the  solution  is  powerfully  acid.  At  40°  C.  (115°  F.)  it 
melts  to  a  clear  liqui'i,  and  at-  V.KP  V..  (oU0o  !■'.)  boil-  and  distils  unchanged. 
Tiie  density  of  the  fused  acid  is  l-t'ilT ;  that  of  I  he  vapor,  which  is  very  ir- 
ritating, is  probably  5-0. 

The  livhtoractiulfs  arc  analogous  io  the  acetates.  The  potaasiwm-salt, 
2CaCl30jK.  aq.,  crystallines  in  fibrous  silky  needles,  permanent  in  the  air. 
The  amiiifiiiiirui-Mit,  :.!('  ,< ' i3!  >., S'  Ha .  C>  .Vq.,  is  also  cry.-ta  11  Stable  and  neutral. 
The  silver-sail,  C;(!ljO.,Ay,  is  soluble,  and  cry  m  a  Hives  it:  small,  grayish  scales, 
easily  altered  by  light. 

Trichloracetic  acid  boiled  with  excess  of  ammonia  yields  ammonium  car- 
bonate and  chloroform: 

C2HClaOj    +     2HH,    +     OH.,    =    COs(NHt),    +     CHC13 

With  caustic  potash.  It  yields  a  smaller  quantity  of  chloroform,  together 
with '    -  ■'■'        '  '     '  ' 

forn 

Nascent  hydrogen  reduces  trichloracetic  fc  acetic  acid.  "When  potassium 
or  sodium  amal^im  is  pat  ia(o  a  strong  aqueous  solution  of  iricido:  acetic 
acid,  the  temperature  of  the  liquid  vises,  without  disengagement  of  gas, 
atid  the  solution  is  found  to  contain  acetate  and  chloride  of  potassium,  to- 
gether with  caustic  potash. 

Brom/iCETIC  Acids.— Mi;i-,nf,roma<:«tic  arid,  ("'  ,H.,HrO;OIl),  discovered  by 
Ferkin  and  Duppa.  is  analogous  in  every  respect  to  mouochloracetic  acid. 
It  Is  formed  by  acting  with  bromine  on  ii'.acial  noetic  acid  in  sealed  tubes 
at  a  temperature  above  that  of  boiling  water.  Ammonia  converts  it  into 
.dvc.cd,,,,.  i:,ll.\D,  fp.  614). 

Dihromawtir.  ar.ul,  <:.,![  Hr.((  >:'(>] !').  is  obtained  by  the  further  action  of  bro- 
mine upon  bromacot.ie  aeid.  It  is  a  liquid  boiling  at  240°  C.  (4(14°  F.) ; 
heated  with  silver  oxide  and  water,  it  is  decomposed  into  silver  bromide 
and  bromogly collie  acid: 

2CsH,Br,0,    +     AgsO    +     H20    =    2AgBr     +     2CsHsBrO;, 
Dibromacetio  Bromogly- 

aeid.  Collie  acid. 

Ethyt-dibromacrtat?,  C.J  ["Br.  ,0 , .  r.,tt5.  produced  by  healing  an  alcoholio 
solution  of  the  acid  in  a"  scaled'  lube,  is  an  oily  liquid  which  is  decomposed 
by  ammonia,  yielding  alcohol  and  dioromacctuwide : 

CiHBr1,05.CaH5    +    NHS     =     C,H6OH     +     HHsC1HBraO 

:  Acid,  CsHsI,02,  have  liko- 


IHIAOBIIO  Acid,  CJ!..!B,  or  C3H30fSH),  or  ]  .  —  This  acid,  dis 
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covered  by  Kokule,  is  formed  by  the  action  of  phosphorus  periasulnhide 
on  glacial  acetic  acid  : 

5C3HaO(OH)     +     FjSs    =     P,Os    +     5C,H,0(8H) 

Thiacetic  acid  is  a  colorless  liquid,  boiling  at  93°  C.  (1U9°F.);  it  smells 

liko  aeetio  acid  ami  hyds'ogen  Hiilpksi.lt*.     Willi  soluliou  of  lead  acetate,  it 

forms  a  crystalline  precipitate  containing  (C.,lliO).,l,b''>Sj.  or  l'b'-'  :-  s(.''n  ', 

AMiDAOKTro  Acid,  or  atTOOOma,  CjH(NO,,  or  C2Tr,(NH?)0.,.— Tbis  com- 
pound is  formed  by  the  action  of  ammonia  on   hromaoetio   or  chloraceue 

C,H,C10,    +     2NH3    =    NHjCl    +     C2IUNHs)Oa 
Chloracetlc  Amidacetic 

acid.  acid. 

It  is  also  produced  by  tbe  action  of  acids  or  alkalies  upon  animal  sub- 
stances, sucb  as  fthm,  liippnrio  acid.  ;:lycollio  acid,  etc.  From  bippurio 
acid  it  is  formed  according  to  the  equation: 

C9H0NO3        +        Oil,        =        C,H5NO,        +        C,HaO, 
Hippuric  acid.  Glycociiie.  Benzoic  acid. 

.To  prepare  it,  hipum-ie  noid  is  boiled  for  several  liners  «'l:ii  eoneom  vntcil 
liydi'uchlorie  acid  :  tin.'  liquid  is  evaporated  nearly  to  dryness  ;  the  residue 
exhausted  v.'itli  cold  water;  Ike  solution  treated  with  lend  o;.ide,  to  sopi- 
rate  the,  hydrochloric  acid,  and  filtered:  tin:  tillralc,  after  precipitation  of 
the  lead  by  sulphuretted  hydrogen,  yields  en  evnporatiou  hard  niir'sparcut 
crystals  of  glyoocino.  Glycoeine  is  easily  soluble  in  water,  nearly  insol- 
uble in  alcohol  and  other.  It  combines  with  acids  in  different  pi  onorlioiis. 
Willi  sulphuric  acid  il  forms  the  compound  it Ut5NO,'j  .ISO.II,:  and  on  addi- 
tion of  alcohol  to  a  .solution  of  this  sulphate,  a  sal!  crvslallnunsr  in  reelim- 
gular  prisms  is  deposited,  containing  ;U!,M-NO, .  SO^il,.  Glyeoeine  a!so 
forms  sn'.ineeoiii'ioumls  liv  substitution  of  metal  for  hj dm-eii  ;  fur  example, 
C,H„t:u''N',U,.  (III...  iniit  f'ji^.VijNU,:  il  :ow  combines  ivjih  metallic  -ails, 
forming  crystalline  compounds,  such,  as  ( ML. NO.,.  NO..K,  and  C,IIBHO,. 
NO.Ag. 

Nitrous  add  converts  glyeoeine  into  ft!} collie  or  oxyacetie  acid: 

C,H,(OH)0,     +     OH,    +    N5 
Oxyaeetic 
acid.  acid. 

Meihyhglycocme,  or  Samoane,  <^H,NO„  or  CjH/CH^NOj,  isomeric  with 
alanino  (p.  619),  is  produced  by  dines' in-  eihyl-chlorycetate  with  an  excess 
of  a  concentrated  aqueous  soiuiion  of  melhylamine : 

CaH!10i01.C,Hll    +     23SH5CH1    +     OHs    =    C^CH^HJO, 

-J-     NH,CHs.HCl    +   C,H6(0H) 
Methylamine  Alcohol, 

hydrochloride. 
The  same  compound  is  formed  by  boilintt  creatine"  with   baryta-water; 
ammonia    is  llien  eliminated,  a   precipitate  of  barium  oaimoiialc   semirntcs. 

and    the  solution,  ii.ft.ftr  the  rer fill  of  ike  barium   by  carbonic  arid,  yicuis 

on  evaporation  oolor!ess  rhombic  prisms  of  saroosino.  The  creatine  hi.Uis 
'  e  latter  being  further  decomposed  into  ammonia 
n  ilm  cliaptnr  on  Orsmiii:  B;iSua. 
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ami  carbonic  acid,  ^areosiiic  dissolves  with,  facility  in  water;  it  is  diffi- 
cultly soluble  in  a.loohol.  insoluble  in  ether,  ami  has  1111  notion  upon  vogo- 
table  colors.  It  combines  with  acids  to  soluble,  salts,  which  have  an  acid 
reaction.  The  double  Halt  n!"  surC'isiue.  with  platinum  tetrachloride  crys- 
tallizes in  largo  yellow  oetohedrons  having  the  composition  2C3UTNO.,. 
L'fKU.I'tCl.  .2  Aq. 

CSH5 
Propionic   Acid,    C-H.O,  =  C.II.OfOH)  =    I  .  —  This  acid   ia  pro- 

COOH 
duced :  1.  As  a  potassium -mil  t.  bv  Iho  c-.irttlji  nation  of  carbon -dioxide  with 
potassium-ethyl,  U)..  --  C..H.K  ■_="  i.:i.>i(.:.,il,;Uli.  —  ±  By  tin-  itciion  of  acids 
or  alkalies  on  ethyl"  uyjin1i.lt'  i'p.  ')':)'■>';.  — -i.  liy  the  simultaneous  action  of 
Water  and  carbon jd  chloride  on  ethane  (p.  o'-'ill)-  —  4.  By  the  oxidation  of 
propionic  aldehyde,  C3IIfiO.  It  should  also  In;  formed  by  oxidation  of  nor- 
mal propylie  alcohol:  but  that  oompeuud  is!  not  known  with  certainty 
(p.  531), — 5.  Together  v.ilh  nciji.ii;  acid,  f.iy  oxidizing  pvopinne,  or  meta- 
oetone,  C5Hl0O,  with  aqueecs  ehr  runic  acid.  This  is  the  process  by  which 
it  was  first  obtained. —  6.  From  lactio  acid  —  from  which  it  differs  only  by 
containing  one  atom  of  oxygen  less  --l>v  tin-  action  of  hydriodic  acid: 

c9Hflo3       +       mi       =       C3H60,       +       OH2       -f       I, 

Lactic  Propionic 

7.  Together  with  several  ntlter  pi-tn] ttui ■;,  i:i  tin;  fermentation  of  glycerin, 
and  likewise  of  sugar,  by  the  action  of  putrid  cheese  in  presence  of  cal- 
oi :  i  rn  carbonate. 

Propionic  acid  is  usually  prepared  by  the  see and  of  the  above-  Mentioned 
processes.  Ethyl  cyanide  is  added  hy  drops  to  a  moderately  strong  solution 
of  potash  heated  in  a  tubulated  reioii,  the  distillaie  being  repeatedly  poured 
back  as  long  as  it  smells  of  ethyl  cyanide.  The  residue  iu  the  retort,  con- 
sisting of  potassium  propionate,  is  then  evaporated  down  to  dryness,  and 
distilled  with  syrupy  phosphoric  acid. 

Propionic  acid,  u  lien  perfectly  dry,  ervstallhes  in  liiminai.  ami  boils  at. 
140°  0.  (284°  P.).  It  is  aolnble  in  water,  and  when  the  water  is  quite 
saturated  with  it,  the  excess,  of  acid  lioais  mi  the  .surface  in  the  form  of  an 
oil.      It  has  ti  very  sour  la.sl.o.  and  a.  somewhat,  pungent  odor. 

The  propionates  are  soluble  iu  water.  The  barium-salt,  (C3HjOs),Ba//, 
yields  pvopione  by  dry  distillation. 

Propionic  aeid  forms  substitution-products  with  chlorine,  bromine,  and 
iodine.  Qhloroprvpiaiiie  <tel't,  I'-Jl, i!!t)„.  does  not  appear  to  be  formed  by 
the  action  of  chlorine  on  prop  ionic  acid  :  h.l  it.  is  obtained  by  treating  the 
calcium  salt  of  lactic  acid  with  phosphorus  pontaehlorido,  whereby  lactyl 
chloride  or  ehloroprojiicnyl  ohioridc.  is  formed,  and  decomposing  this 
chloride  with  water: 

c3n40(OH)2    +    pci5    =   c3H,cio.ci    4-    rci3o    +    oh, 

lactic  aeid.  Chlorupropionyl 

chloride. 
CjH,C10,Cl       +       OH2      =       IIC1      +       C-II<C10(OH) 
Chloropropionyl  Chloropropionic 

chloride.  aoid. 

Cidoroprn picnic-  acid  is  a  liquid  le 
iriij;  the  odor  of  trichloracetic  at: 
propionic  acid. 

Jirumnpmpiim.ii;  acid.  CJI-HrO.,,  proilneed  by  the  action  of  bromine  on 
propionic  acid,  is  contoriod  by  alcoholic  ammonia  into  alanine,  or  amido- 
propiame  add.- 

Cj,ii(BvO,       +        2NH3       =       OjH^NHJO,       +        NHtBr. 

Hnstec  by  GOOgk 
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Alanine,  homologous  with  i^ycLieiue  and  isomeric  with 

is   also  produced   by  !:i oi I i 1 1 l;  a   mixture  oi'  aldeliyik    

cyanic  acid  witli  diLufe  hydrochloric  aoid: 


On  evaporating  the  solution,  extractive;  I  lie  hydrochloride  of  alanine  with 
alcohol,  and  scparaiinLr.  tin;  livdrocliierie  acid  by  liydvaled  lead  oxide,  a 
solution  is  oblained  centainiiiL;  a'anine  in  combinalion  with  lead  oxide, 
from  which  the  alanine  may  be  separltled  by  satitralinji;  Ihc  solution  with 
sulphuretted  hydrogen,  tillering,  j:  :i .  1  o\-:ipora-iii;;.  1:  forms  rhombic  prisma 
of  a  pearly  lustre,  easily  soluble  in  alcohol,  sparingly  soluble  in  ether. 
.Alanine,  like  i'I  voacine,  combines  v.°i:h  acids,  liases,  and  salts. 

Nitrous  acid  converts  alanine  into  laclie  or  oxypropioiiic  acid,  C4FfeOs, 
the  reaction  being  CJ.ii.crly  similar  to  that,  by  which  glycoeine  is  converted 
into  gly  collie  acid. 

Butyric  Acid,  C',1  r,O..^C,lir,0.'OTTl.  —  Acids  hisviiiii  this  composition,  are 
obtained  by  the  folia  winjj  ~yu:liei  ical  processes: 

a.  By  the  action  of  et.tiyl-iodi.le  on  monosodie  ethyl  acetate  (p.  600),  and 
decomposition  of  Hie.  resulting  ei.liylic  eiliyl  -acetate  ivith  potash:  the  pro- 
duet  tiius  obtained  is  oihyl-aeotic  or  normal  butyric  acid: 


CHsNib 

CH,C2HS 

COOC,H( 

C,HjI 

Nal 

COOC,IIS 

Monosodie 

Etliyl 

Uthylic 

ethyl-acetate. 

ethyl-acetate. 

CHjCjHj 

CH,G,H( 

COOC-H, 

HOH 

CsH6(On) 

+       [ 

COOH 

Ethylio 

Wal  or. 

Ethyl 

Ethylacetic 

ethyl-acetato. 

a.l  colon. 

acid. 

/!.  Hi  so.,  [in  olhyl-aootate,  treated  i 

n  like 

manner  with  methyl -iodine,  yield,; 

dimelhylie  ethyl- ace  tale 

CHNb, 

CH(CIL), 

1                  + 
COOCJlj 

2CH0I 

2rTaI 

+       1 

COOCjT-L; 

and  this  compound,  treated  with  potash, 

is  converted  into   diic.ei  hyl-ncc'.io 

CH(CHS)S 

or  isobutyric  acid,  1 

COOH 

ivhyliicclio  acid  boils  ; 

it  161°  C. 

WJ.* 

F.)t  dimctl 

ivlacetie  acid  at  152" C. 

(306°  F.)  (Prankland  and  Dnppa). 

Butyric  acid,  identical  with  I  be  firs!  oi'  these  synthetical  products,  occurs 
ready-formed  in  tamarinds  anil  a  few  other  plants,  and  in  certain  beetles, 
and  is  obtained  artificially  by  several  processes. 

1.  lSy  oxidation  oi' primary  butyl.  a'.colu>l.:-  —  '2.  I'v  saponification  of  ordi- 
nary bailer,  which  contain-  tiibutyrin: 

(C3HS] '"(0(1,11,0),    +     3K0H    =    3C,H,0H    -f     CsH5(OHs) 
Tributyrin.  Potassium  fflyeeriu. 

butyrate. 


a  by  Google 


EUTYKIC    AND    VALERIC    ACID3.  617 

Other  acids  of  the  series  are,  however,  formed  at  the  same  time,  which,  are 

dilliculi.  l.o  .separate. 

3.  By  the  fermentation  of  .-uirar  in  oontn.oi  with  putrid  cheese  and  chalk, 
calcium  lactate  being  first,  tonned  in  larere  quantity,  ami  afterward  dis- 
solved and  converted  into  bulyrato,  \vli:-.;k  may  Oo  doemuposert  by  sulphuric 
acid,  a.nd  distilled,  'flic  conversion  of  lactic  into  butyric  acid  pvobably 
lijii's  place  at  shown  by  the  equation: 

2&H,Ol        =        C«HeOa        +     2C02    -f     2Hj 
Lactic  acid.  Butyric  acid. 

Butyrie  acid  thus  obtained  is  a  colorless,  very  mobile  liquid,  having  an 
odor  of  acetic  acid  and  also  of  rancid  butter.  Its  .specific  gravity  ia  f>9886 
at  0°,  and  0-9739  at  15°.  At,  the  temperature  of  a  mixture  of  solid  car- 
bonic acid  and  ether  it.  crystallize*  in  large  lamina!.  Tt  boils  at  104"  C. 
(327°  F.),  giving  off  a  vapor  which  burns  with  a  blue  flame.  It  dissolves 
in  all  proportions  in  wafer,  alcohol,  anil  wood-spirit,  Boiling  nitric  acid 
'   to  succinic  acid: 

2C*H,0,    +     Oa    =    20H,    +     2C4H6Oa 


The  metallic  biityraios  ore,  for  the  most  part,  soluble  in  water,  and  crys- 
tallizable.  The  calcium  suii  l.',H,0,Ca'',  yields  butyrone,  U,HY(J.  CaH7, 
by  dry  distillation. 

Ethyl  Butyrate,  C.,11,0,,.  ('.,11 ;.  is  a  liquid  hiving  a.  pleasant  fruity  odor: 
it  is  sometimes  used  for  tiavorine;  confectionery. 

Butyric  acid,  subjected  to  the  action  of  dry  chtoriw,  is  converted  first 
into  tlchl'inibitt'/ric  «'■;</,  C4HSC1,0,.  and  afterward  into  tetrachiorohtit'/ric 
acid,  CjH4Cy),.  Heated  with  brmilme  in  sealed  tube.,  to  Ifi0°-200°C.  (302°- 
392°  F.),  it  forms  mono-  ov  dihronoliiiuirh'.  •ickl.  according  to  the  propor- 
tion* used.      Dibromobutyrie  acid  is  orvstnllizable. 

Amidobutyric  acid,  Cy^NO,,  or  C,H,f>JII,)Oj,  is  said  to  exist,  together 
with  its  homologue,  leucine  or  amidocaproic  acid,  in  the  pancreas  of  the  ox. 

Valerie,  or  Valerianic  Acid,  CsHl0O,  =  CsIIeO{OH).— This  acid  occurs  in 
valerian  root,  in  angelica  rod,  in  the  berries  of  the  guelder  rose  (  Vibur- 
num oputtts),  and  probably  in  many  other  plants.  It  is  produced  by  the 
oxidation  of  amy  1  alcohol,  either  by  absorption  of  atmospheric  oxygen 
under  the  influence  of  platinum  blue!:,  or  by  freai.iue.nt  with  aqueous 
chromic  acid,  or  by  heating  if  with  a  mixture  of  caustic  potash  and  quick- 
lime, the  reaction,  in   this  last,  case,  beine;  attended  with  evolution  of  liy- 

CsH„0     +     EOH     =     CBHBOaK    +     OH2     +     Ha 
Amyl  Potassium 

alcohol.  valerate. 

The  potassium  salt,  distilled  wilh  sulphuric  acid,  yields  valeric  acid. 

The  most  advaniarieaos  mode  of  preparing  valeric  acid,  ia  to  oxidize 
amyl  alcohol  with  a  mixture  of  sulphuric  and  potassium  bichromate,  i 
parts  of  the  bichromate  in  powder,  (i  pans  of  oil  of  viiriol.  and  8  parts  of 
water  are  mixed  in  a-  capacitm.-;  retort,  and  1  part  of  amyl  alcohol  is  added 
by  small  portions,  with  strong  agitation,  the  retort  being  plunged  into  cold 
water  to  moderate  the  violence  of  the  reaction,  When  the  change  appears 
complete,  the  decp-isreeu  liquid  is  uisiHlod  nearly  to  dryness,  the  product 
mixed  with  excess  of  ea.ust.ie  potash,  and  (lie  aqueous  solution  separated 
mechanically  from  a  pungent,  colorless,  <iiiy  liquid  which  floats  upon  it, 
consisting  of  amyl  valerate.  The  alkaline  solution  is  then  evaporated  to  a 
52* 
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small  bulk,    and  decomposed    by   dilute    sulphuric    acid  in   excess.       The 

greater  part  ill'  the  valeric  acid  tiimi  separates  as  im  oily  liipiid  lighter 
than  water:  this  is  a  hydrnle  consisting  of  <"V."io0^  ■  0H-  Wuen  distilled 
alone,  it  undergoes  decomposition:  waier,  with  n  lit.tle'of  the  acid,  first 
appears,  and  eventually  the  ihht  acid,  CjITiriO„  in  the  form  of  a  thin,  mo- 
bile, colorless  oil,  having  the  persistent  and  characteristic  odor  of  valerian 
root.  It  lias  a  sharp  ami  acid  In  sic,  redd  cm  li  turns  stt  ongly,  bleaches  the 
tongue,  and  hum  a  v.  lion  iti:l  anted  wi:li  a  beijrhl.  vei  sn:oky  light.  Valerie 
acid'  has  a-  density  of  0-'.)S7  :  it  hoils  at  175°  C.  ("847°  V.).  l'laced  in  con- 
tact with  water,  it  absorb.--  a  ocriaiii  quanlily.  and  is  itself  to  a  certain  ex- 
tent soluble. 

Valerie  acid  is  active  or  inadive  to  j -ol:i risn-il  1i;dit.  accordingly  as  it  has 
been  prepared  from  active  of  inactive  amyl  alcohol.  That  which  has  been 
prepared  from  llii;  a.clivc  ulr-nliul  produce*  a  r::i:i'  haoded  rotation  of  -Hi" 
in  a  tube  GO  centimetres  long.* 

The  metallic  valerates  tire  nc.1  of  much  importance ;  several  of  them  aro 
Crystallizable.  The  bUcrr-sfilt  contain*.  ,'.lllen;A<r.  A  solution  of  potassium 
valerate,  subjected  to  electrolysis,  yields  ilibiiiyl.tyi      (p.  475). 

Ethyl  v-iltriite,  C.,~t1,,0., .  0,H-,  is  obtained  by  passim;-  hydrochloric  acid  gas 
into  an  alcoholic  solution  .if  valeric  acid.  Ammonia  converts  it  into  valc- 
ramide,  CsH,ONHj. 

Cni.OnOVAr.ER.IC  AcinS. —  Trithlurnriib'.nc  nr.iil,  0,11X1,0,,  obtained  by  the 
prolonged  action  of  ohlorloe  on  Valerie  acid  in  the  dark,  aided  toward  the 
end  of  111 c  process  hv  a  gentle  heal,  is  an  oilv  liquid,  becoming  vow  viscid 
at  IB"  C.  (u4D  P.),  perfectly  mobile  at  30°  C.  (86°  F.).  In  contact  with 
water  it  forms  a  very  viscid  hydrate,  which  sink*  to  the  bottom.  It  dis- 
solves in  aqueous  alka.'ies.  and  in  precipitaled  by  acids  in  its  original  state, 

TetrachloTovakrk  acid,  (',,H/:W  '*  ll"'  ultimate  product  of  the  action  of 
chlorine  on  I  he  preceding  suli.-l a.oec,  aided  by  exposure  in  r lip  sun.  It  is  a 
somiiluid,  colorless  oil,  destitute  of  odor,  of  powerful  pungent  taste,  and 
heavier  than  water.  II.  can  neither  be  solidified  by  eeld  nor  disl  died  wii li- 
mit decomposition.  In  contact  with  water,  it  forms  a  hydrate  containing 
<'5116( '!,()., .  Oil.,,  n-iiich  is  slightly  Soluble  in  water,  easily  soluble  in  alcohol 
and  ether. 

Isomeric  forms  nf  Viilcrir.  add. —  The  formula  Ccll]flO,  may  include  the 
four  following  compounds: 

CHXI^CIIjCH,       CHSCH(CIT3)S      CHCHjCCHXHJ       C(CHa)3 

COOH  COOH  COOII  COOH 

Propyl-  Isopropyl-  Methyl-ethyl-       Trim  ethyl 

acetic  acid.  acetic  acid.  acetic  acid.         acetic  acid. 

The  second  and  fourth  of  these  acids  have  been  prepared  by  l-'ranklui.a 
and  Duppa.f 

CHSCH(CH3)3 

Ethyl  hiiprvpylMdate,     |  ',  is  obtained  by  the  action  of  isopro- 

CO0C.H. 
pyliodide,  CII{0J13U.  on  luouii-odie  ethyl  acetate,  ami   from  this  other  iso- 
propylacetic  "rid  is  prepared,  as  in  tho  similar  cases   previously  described, 

It.  is  identical  in  every  respect  wil  h  valeric  acid  prepared  from  optically 
inactive  attiyl  alcohol. 

Triatil.hi/lne.e./i-:  arid,  is  obtained  as  an  ethyl  ellier  by  the  action  of  methyl 
iodide  on  frisodic  elhyl  acetate: 
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C6H„ 

coon' 

the  action  of  alkalies  or  acids  mi  amyl  cyanide,  tyi  UC'N  (p.  599);  also,  as  a 
sodium-salt,  by  the  action  of  invi.on  dioxide  i.m  sodkiin-amyl;  COj-|-CBH,| 
Na=CO(C8H|L)ONa*  It  occurs  :is  a.  glyecride  in  the  butter  of  cow's  milk, 
and  abundantly  in  cocoa-nut.  oil:  ii.  is  a  not  unfYeijiierir-  product  of  the  oxi- 
dation of  fatty  acids  of  higher  atomic  weight,  and  is  also  produced  by  the 
oxidation  of  poppy  oil  and'  of  casein.  It.  may  be  prepared  from  oocoa-nut 
oil  by  saponifying  the  oil  with  Ht.i-.ni"  soda-lye,  and  ili  stilling  the  soap  with 
dilute  sulphuric  acid.  The  distillate  contains  oapioio  mid  caprylic  acids. 
and,  when  neutralized  with  baryta  and  evaporated,  yields,  (irst  crystals  of 
barium  caprylate,  and  afterwards  vtincnw  ciy.-ia.ls  of  the  caproate,  which, 
when  decomposed  by  ml  pin  trie  field,  yield  eaproic  acid. 

Caproic  acid  is  a  clear  mobile  oil  of  sp.  jjr.  tHJ.'il  at  1&°,  having  a,  sudo- 
rific odor  and  pungent  taste.  The  acid  prepared  warn  amyl  cyanide  solid- 
ifies at— 9°  C.  (HI0' I'M,  boils  al  l'.!.1°  ("'.  [W  P.).  and  is  active  to  polarized 
light.  That  frohi  cocoa-nut  oil  boils  bet  ween  W  and  :WC.  (395°~*08°  F.) 
(perhaps  owing  to  admixture  of  oitprylio  acid),  and   is  optically  inactive. 

The  metallic  caproalcs  are  soluble,  anil  ci  ysialliiaule.  A  slrony  solution 
of  the  potassium-fail,  subjected  to  ob.a-iro  lysis,  yields  di.unyi,  C|CH!2(p.  475). 
The  silver-sail,  CJf UU.A o\  is  jie.arly  itiso-iidilo  in  water,  and  crystallines  in 
broad  plates,  but,  is  little  altered  by  exposure  to  light. 

cn(CaiiB)2 

Diethyi-acetic  Acid,    |  ,  the  e;hy',ic  oilier  of  which  is  prepared 

COOH 
by  the  action  of  ethyl  iodide  on  disodic  tviiyl    acetate,  is   isomeric  with  ca- 

{■roie  acid,  It  has  a.  different  odor,  and  its  silver-salt  forms  silky  asbestos- 
ike  crystals,  soluble  in  water,  and  lutuiii";  brown  when  exposed  to  a  strong 
light. 

Amtpocafkoic  Acm,  or  Lkuuink.  Cj.II",  AO,  or  CcII,L(NII.,)Or  has  not  been 
obtained  directly  from  any  derivative  of  ea.proie  a.cid,  lint  is  'produced  by 
digesting  together  valeral-aiiitiic.uia.  hydroeyanie  aeid,  and  bydroehlorlc 
aeid,  the  reaction  tieinjv  analog., us  to  t'imt.  by  which  alanine  is  prepared 
from  the  ammonia-corn  pound  of  acetic  aldehyde: 

C6II,„O.NII3  +  CHH  -j-  HC1  +  OHj  =  C„H„NOa  -f  KII.CI 
Valeral-am-  Leucine. 

Leucine  is  also  formed  by  the  dcconiposilion  of  animal  substances,  such 
as  glue,  ho  ml,  wool,  .v.c,  ihiriui;  p  aire  hi  or  ion,  and  by  the  treat  men  I  of  1  liese 
snii-lances  with  acids  or  alkalies.  It  wasiirst  discovered  in  putrid  cheese; 
more  recently  it.  lias  been  found  in  sever  til  parts  of  the  animal  organism. 
Leueine  crystallizes  in  while  shining  scales,  which  melt  at  100°,  and  may 
be  sublimed  with  nut  decomposition  ;  it  is  but  little  soluble  in  water,  still 
less  in  aleohol,  insoluble  in  ether.  When  boated  with  caustic  baryta,  it- 
splits  into  carbon  dioxide  and  amybtmine:  Oall13MOj=C,HlsN-|-COs.  It 
unites  with  acids,  bases,  and  salts.  Trealmenl  with  nitrons  aci ' 
it  into  leucie  acid,  C(.ll,,Oa,  homologous  with  lactic  and  glycollic 
Csfl,, 
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from  renanthol,  or  oenanlhylio  aldehyde,  CTllL10  (a  liquid  obtained  by  the 
dry  distillation,  of  easier- oil),  by  ox  id  a  I  ioti  it:,  flic  air,  or  with  nitric  acid, 
or  with  chromic  acid  ;  also  by  oxidation  ol'  castor-oil  with  nitric  acid, 
Amyl-acetin  acid,  isomeric  or  identical  with  it.  ia  obtained  as  an  cthylic 
ether,  together  with  several  other  products,  by  the  action  of  amyl  iodide 
on  disodie  ethyl  acetate. 

(Enanthylio  acid  ia  a  trnnapa.renl  colorless  oil.  having  an  u  n  plena  ant.  odor 
like  that  of  codfish.  It  boila.  according  to  Wrecker,  at  212°  C.  (413°  F.). 
It  is  insoluble  In  water,  hut  soluble  i"  a.ieohol  and  ether.  When  heated 
with  baryta,  it  gives  oiF  soxtano  or  hexy!  hydride,  t.',.!! M,  the  barvta  ab- 
stracting carbon  dioxide:  r,II140,-.CO,--  ('.',,11^.  The  potassium -salt,  sub- 
jeeted  to  electrolysis,  yields  •liliAzyl,  C|2H,6. 

Caprylic  Acid,  CjHlsOa  =C9H,E0(OH),  occurs  as  a.  glyceride  in  the  butter 
of  cow's-milk  and  in  ooeon-nui  oil :  it  is  iil-u  Ion  mi  in  several  kinds  of  fusel- 
oil,  partly  free,  partly  us  an  el  hylic  or  amyih:  ether.      It  is  best  prepared  by 

saponification  of  cocoa-nut  oil  ;  ils  barium-sail ,  being  very  sparingly  solu- 
ble, ia  easily  sepn rated  from  the  barium-salt  of  caproic  acid  formed  at  the 
same  time. 

Caprylic  acid  has  u  fnitu  but  unpleasant  oil  or.  especially  when  warmed. 
It  solidifies  at  12°  C.  (64°  I'M,  melts  at  IS"  C.  fS9°  l'.i,  and  boils  at  230°- 
238°  C.  (457°-460°  Y.).  Wiieii  boiled  with  nitric  acid,  it  is  converted  into 
nitrocaprylie  acid,  CjH^NOjIO,. 

Pelargonie  Acid,  ("',,11-bO,  —  l.yi„(OII).  was  fu-sst  obtained  from  the  leaves 
of  the  geranium     /  m  win  h  it  ex    t     ri  i  ly  formed.     It 

may  be  procured  in  targe  quam  iiy  by  I  lie  notion  of  nitric  acid  upon  the 
essential  oil  of  rue  (which  contains  the  two  aldehydes,  f  IFII„,0  and  C13H340) ; 
also,  together  with  several  acids  of  the  fatly  series,  by  too  action  of  boiling 
nitric  acid  on  oleic  acid.  It  is  :i  liquid  iiaviuc-  a  slijihilv  unpleasant,  odor, 
and  boiling  !.!  2il0"  0.  (500"  P.). 

Ethyl  p'iai-fionaU,  Cgll.,0., .  C,II;,  may  be  easily  produced  by  dissolving 
Una  acid  in  strong  alooljol,  and  passing  a.  current  of  hydrochloric  aeiil 
through  the  solution.  It  is  a  liquid  of  specific  gravity  OP02,  and  boiling 
at  250°  C.  (482°  F.).      It  has  a  powerful  and  most  iuioxioating  vinous  odor. 

Tho  aroma  posaeaaed  by  certain  wines  appears  to  lie  due  to  the  presence 
of  the  ether  of  pelargonie  acid,  whicii,  in  this  cuae,  is  probably  generated 
during  fermentation.  "When  such  wines,  or  the  residues  of  their  fermen- 
tation, are  distilled  on  the  large  scale,  ai:  oily  iiijuid  passes  over  towards 
the  close  of  the  opera! i on,  which  consists,  in  grcni  measure,  of  the  crude 
ether:  it  may  lie  purified  by  agit!i!hm  wiih  .solution  of  potassium  carbonate, 
freed  from  water  by  a  few  IVagmonls  of  calcium  chloride,  and  redistilled. 
The  pelargonie  ether  obtained  by  this  process  was  originally  described  as 
mv.itfiihh  r.ther,  anil  tiie  acid  as  o-nanthic  add. 

Rutic  or  Capric  Acid,  C,„HM0- — This  acid  exists  as  a  glyceride  in  ordi- 
nary butter  and  in  cocoa- nut  oil :  it  occurs  a.'. so  in  several  kinds  of  fusel-oil, 
and  is  formed  by  !he  oxidation  of  oleic  acid  and  of  oil  of  rue.  It  may  be 
obtained  pure  and  in  lolera.ble  quantify  from  the  liquid  which  remains  in 
tho  distillation  of  the  fusel-oil  of  the  Scotch  distilleries  (p.  t>26)  after  the 
amyl  alcohol  has  been  distilled  olf  at  1?.2°  <!.  {-IIT  F.).  This  residue  con- 
sists chiefly  of  amyl  rutate,  <"'Ll,T)'L0O.. .  C.'ll",,,  and  when  distilled  with  potash 
gives  off  amyl  alcohol  and  Lei  \:'-  p  itasBium  rotate,  from  which  tho  ratio 
aeid  may  bo  obtained  by  disiilhilion  with  sulphuric  acid. 

Rutie  acid  is  a  colorless  crystalline  body,  having  a  alight  odor  of  the 
goat,  becoming  stronger  when  (he  acid  is  warmed.  It.  melts  at  27°-30°  C. 
(80°-8t>°  F.),  is  very  soluble  in  cold  alcohol  anil  ether,  insoluble  in  cold 
water,  slightly  soluble  in  boiling  water,  ami  dissolves  without  alteration  in 
strong  nitric  acid. 
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The  metallic  rutate;  arc  mostly  sparingly  soluble  in  water.  Tho  barium- 
Bait,  (CroHlsOj)iHH",  separates  from  solution  in  boiling  water  in  needle- 
shaped  ill1  large  prismnlic  ervsMi^  r.  Iiieli  Ileal  liu  t  ne  wal.er  if  110 1  moistened. 

lanrw  Acid,  C^H^O.,,  occurs  as  a  glyceride  (laurostearin)  in  the  fat  of 

Mm  bay-irce  H.ukth,;  n'MIJsx,  and  in  the  solid  ill  I.  and  volatile  nil  of  piehu- 
riin  beans  (Fabse  Piehurim  mtij.).  11  is  prepared  by  saponifying  these  fats 
with  caustic  alkali,  ami  decomposing  the  re.stili.ttig  simp  with  tartaric  or 
hydrochloric  acid.  It  likewise  occurs.  iogrt:ier  with  oilier  fatty  acids,  or 
their  glycerides,  in  cocoa-nut  oil  ami  t  lie  oils  or  tills  of  several  other  plants, 
also  in  spermaceti :  and  is  separated  front  tin;  mixtures  of  fatty  acids  re- 
sulting from  the  saponification  of  I  hose  substances  by  it  complicated  process 
of  fractional  precipitation  with  barium  and  magnesium  salts,  into  the  de- 
tails of  which  we  cannot  enter* 

Laurie  acid  is  insoluble  in  waiov,  but  dissolves  easily  in  alcohol  and  ether, 
mid  eryslsilli/es,  from  alcohol  in  white,  silky  needles,  which  melt  at  about 
43°  C."(109°  P.). 

The  1  an  rates  of 
other 
Ca",  is  resolved  by  <l  ist.il)  ali  on  into  eaieium  carbonate  and  lauro's  tear  one': 

C03Ca"        +        CMH460 
Calcium  Lauro- 

Carbonato.  steal' one. 

Hyristic  Acid,  C^TT.,,,0.,.—  This  a.eid  occurs  as  a  jjlyueviJe  in  nutmeg-but- 
ter and  Otoba  fat  ;  also,  together  with  laurie  acid,  in  Dika  bread,  the  fruit 
of  Mangifera  gaionmxh,  tin  African  tree;  mid.,  Ingcther  with  other  fatty 
acids,  in  cocoa-nut  oil  and  spcrinaoeli.  Ir.  iniiy  lie  produced  from  crude 
ethal  (cetyl  alcohol]  by  healing  willi  a  mixture  of  potash  and  lime,  its  for- 
mation hc.ing  liouliiiess  due  to  ilie  presence  of  iiicshal  or  my  viatic  alcohol  in 
the  crude  ethal  (p.  643): 

Cl4HM0     +     KHO    =    C14H2IOjE    +     211, 
Metiial.  Potassium 

myristate. 
Laurio  acid  is  likewise   produced  by  a  similar  process  from  crude  ethal, 
doubtless  because   that  substance    also    contains  lellial   or  laurio   alcohol, 
C.jH^O. 

Pure  myristie  acid  is  most  easily  obtained  by  saponification  of  Otoba  fat 
(from  Afyristica  Otniiu).  It  forms  "white,  shining,  cvy.slaU.tne  lamina;,  melt- 
ing at  53'8°  C.  (]2!V>  P.).  II  is  quite  itisulnbic"  in  water  and  in  ether,  but 
dissolves  easily  in  hot  alcohol,  and  oryslallizes  tlierei'rorn  en  cooling. 

Themyristaf.es  of  the  alUa'd  meials,"  Cj.,1  \.,A\,K,  ko.,  lire  soluble  in  water, 
and  not  decomposed  thereby  (like  the  stearin  cs).  The  other  my ri states  are 
insoluble  or  sparingly  soluble,  and  lire  obiaiued  Uv  precipitation. 

Myristie  oxide,  or  Arilii/driUf..  iO|.|l[..T<>j,0,  is  obtained,  like  other  acid 
oxides  of  the  series,  by  the  action  of  phosphorus  oxyciiloride  on  potassium 
myristate.  It  is  a  fatly  substance,  having  a  innifu  liai-  lower  melting  point 
than  invrislic  neid.      It  is  slowly  saponified  by  boiling  ciiiislic  potash. 

Myristm,  {Cillr1)'''(t'1,ll.,,,0;):!.  the  glyceride  of  myristie  acid,  is  obtained 
hy  pressing  nutmegs  In-!  iveeu  I  ml.  plates,  exhausting  1  lie  crude  fat  thus  ob- 
tained with  spirits  of  wine,  and  cry^allmiig  the  undissolved  portion  from 
boiling  ether.      It  is  ti  crystaLiinc  fat  having  a  silky  lustre. 
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Finis  ff'iitmensii,  Chinese  tallow,  the  produce  of  the  lallow-i.rec  (Slillmt/ia 
sebifera),  and  Japan  ms,  from  ]/.lmn  .>'.-,<:r;r  </. .■„.■'«.  consist  mainly  of  tripalmitin. 
Palmitic  acid  is  easily  pi-emired  1 . ;.-  j.i p..i:Lt\' i r: lv  palm-oil  '.villi  caustic  potash, 
decomposing  the  soap  with  sulphnrio  ric'd.  ana  ery-l  a  Hiding  the  separated 
fatty  acid  several  limes  from  lior.  alcohol  till  it.  exhibits  a  constant  melting 
point.  Chinese  tallow  may  he  saponified  nil  U  alcoholic  uotas.li,  and  Jo.paii 
WW  by  fusion  with  solid  potassium  hydrate,  and  the  soap  treated  in  a 
similar  manner. 

Palmitic  acid  eiists  also  as  cet.yl  palmitaio  (ci'tin),  >'-i(ilf„0,.  CI6H^,  in 
spermaceti,  and  us  nivvicvl  pultuita'c  intelis-inj,  t.',6!J31'l., .  CaoH6l,  in  bees'- 
wii.  It  is  produced,  tugethor  with  acetic  iicui,  by  melting  oleic  acid  with 
potassium  hydrate: 

C.sH^Oj     -f     2KOH     =     C„Ha,0?K     +     C,H»0?K    +    H, 
Oleic  acid.  Palmitic  Acetic 

Palmitic  acid  is  a  colorless,  pnlid  body  without,  taste  or  smelt,  lighter 
than,  water.  It  is  insoluble  In  eater,  but.  i.lissoLvcs  abundantly  in  boiling 
alcohol  or  ether.  The  srilutions  arc  aenl,  ami  when  concentrated,  solidify 
in  n,  mass  on  cooling.  When,  dilui  e  limy  yield  the  acid  in  tufts  of  slender 
needles.  It  melts  at  02°  0.  (141°  F.j,  and  solidifies  on  cooling  in  a  mass 
of  shining  nacreous  laminsc.  When  heated  in  a  dish,  it  boils  and  evapo- 
rates without,  residue,  :1ml  luily  be  distilled  allusst  without,  change.  When 
gently  heated  in  the  air,  it  is  bnl  slightly  altered,  but  at.  higher  tempera- 
tures it  takes  fire,  and  burns  with  a  bright  smo:.:y  flume  like  other  fata.  It 
is  attacked  by  chlorine  :il-  lOO".  giving  oil"  hydrochloric  acid,  and  forming 
oily  substitution -products.  Heated  with  alcohols,  it  forms  compound 
ethers. 

Palmitic  acid  forms  norm  til  or  ncntral  salts,  having  the  composition 
C„Hj,OjM  {lir  univuhml,  ami  (^,,1!lsl0.i;..ll'-'/  for  bivalent  metals,  and  with 
the  alkali-me.tals  also,  acid  salts  anaiugoiis  !o  the  acid  a ''elates.  'The  normal 
palmitates  of^pulassiiuu  ami  smihuu  are  soluble  in  writer  and  alcohol;  the 
rest  are  insoluble,  ami  are  obtained  by  proeinilnliug  a  metallic  salt  with 
an  alcoholic  solution  of  sodium  or  potassium  pa.'rmilaio.  The  normal  potato 
siiim-sali,  C,(lls]OaK,  obtained  by  meliing  the  acid  with  potassium  carbonate, 
and  exhausting  will)  boiling  aieohol,  crystnllhes  in  pearly  scales.  'The 
acid  salt,  C16Hai0jli .  <!ir,!I.,.,(».:,  is  prooipi/a'ca  on  mining  a  solution  of  1  part 
of  the  normal  salt,  in  ill*  parts  of  boiling  water  with  1000  parts  of  cold 
water.  The  barium- salt.  (0li.l!31O2)aU!i//>  is  a  white,  pearly,  crystalline 
powder;  the  magnnsiui,\-suil,  i;('|,.llJ|0ii.,Mg'/,  is  a  snow-white,  loose,  crys- 
talline precipitate. 

Ethyl  pidnulau,  (Vl".,,!"),.  ^Vi-  obtained,  by  passing  hydrochloric  acid 
gas  into  a  saturated  alcoholic  solution  of  palmitic  acid,  crystallizes  in 
prisms,  and  melts  at  24°  C.  (750  F.). 

Uly.cn/I.  }ifUai!!itii:<,  or  I\i!:;-iUi/i-:.  — There  are  Hirer-  of  these  ethers — Tin., 
monopalmilin,  {Ct)is:'"iO]\  -..:  i'.Jb.  U..;.  ,■'.-,. -,.'.■,.■■,■ .-..),  (Cari:,)'"(OH)(CieH,I0,)„ 
and  tripalmitin,  (CJ!.)'-''.  i  'in!  I..  ,<  >.,:..      The  iii's!  and  secutid  are  obtained  by 

heating  palmitic  acid  with  g'.y in  in  sealed  lubes ;   the  third  by  heating  a 

mixture  of  1  part  of  mouopnltuitin  and  1'-)  parls  of  palmitic  acid  to  250°  C. 
(482°  F.)  for  twenty -eight  hours.  They  are  all  crystalline  fats.  Tri- 
palmitin thus  obtained  melts  a  I  Mi"'  ('.  j  I  U.i"  I:'.).  Natural  pa.lmitin,  obtained 
from  palm-oil  and  other  fats,  has  the  composition  of  tripalmitin,  but  ex- 
hibits three  isomeric  (or  rather  allolronmi  modi[ie;i!ious  (like  those  of 
stearin),' melting  respectively  at  -hi",  til -7°,  and  (i2'8°  C.  (115°,  142°,  144° 
1'Vi:    Ihe  first  appears  to  be  idenlieal  ivit.ii  artificial  tripalmitin. 

Palm-oil  comes  chiefly  from  the  coast  of  Africa.  It  has,  when  fresh,  a 
deep  orange-red  tint,  and  a  very  agreeable    odor:   the  coloring  matter  — 
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the  nature  of  which  is  unknown  —  is  easily  do-troyed  by  exposure  to  light, 
especially  at  a  high  temperature,  and  ills')  by  fixiilty.ii-. g  agents.  The  oil 
melts  at  27°  C.  (8lP  F,),  Jiv  caiitium  pressure  it.  may  be  separated  into 
fluid  olein  and  solid  palmitin,  which,  wiien  purified  by  cry  at  alligation  from 
hot  ether,  is  perfectly  white.  By  lieepinir,  palm -oil  seems  to  suffer  a  change 
similar  to  that  produced  by  sripoiiiiieaiioii  ;  i:i  this  state  il  is  found  to  con- 
tain traces  of  glycerin  ami  a  considerable  quality  of  oleic  acid,  together 
with  palmitic  acid.  The  oil  becomes  havder  and  j:itif:i'l,  and  its  melting 
point  is  raised  at  the  same  time. 

Margario  Acid,  C1THS4Oa.  —  This  name  was  formerly  applied  to  an  acid, 
intermediate  between  stearic  ami  palmitic  acids,  supposed  to  he  produced, 
together  with  other.-,  by  the  sapnuitical  ion  or'  n  a  meal  fats ;  but  it  is  now 
restricted,  for  reason-;  to  lie  presently  mentioned,  to  an  acid  prepared  by 
a  definite  reaction — viz.,  by  the  action  of  boiling  alcoholic  potash  on.  eetyl 
cyanide : 

CMHBON       +       KOH      -f       OH,       =      NH3       +       C„H,sO,K 
Cetyl  Potassium 

cyanide.  mar  gar  ate. 

n  salt  thus  obtained  U  decomposed  by  ljoiiin,!?  dilute  liv- 
id the  separated  iiiuririii'lo  a.eid  is  purrlieil  by  precipitat- 
ing its  arnmoniacal  solution  wiih  barium  chloride,  ileeinoposing  the  pre- 
cipitate with  hydrochloric  acid  and  ether,  separating  iint  ethereal  solution 
by  means  of  a  pipette,  and  d  Lsti  I!  in  g  oil'  the  ether.  It.  forms  white  crystals, 
melting  at  599°  G.  (110°  F,),  and  is  intermediate  in  all  its  properties  be- 
tween palmiiio  and  stearic  acids. 

The  so-called  margnric  acid,  obtained  by  Ilie  saponification  of  natural 
fats,  and  regarded  by  Chevron;  ■'■■  and  many  other  chemists  as  a  distinct 
acid  having  the  composition  t' ,.11^.0.,,  lias  iicen  sliov.-n  by  Heintz  y  to  be  a 
mixture,  resolvable  inlo  stearic  acid  and  oilier  tally  aid  as  of  lower  melting 
points,  chiefly  palmitic  acid.  Such  mixtures  of  solid  (ally  acids,  or  of  the 
corresponding  glycerides,  cannot  be  completely  resolved  into  their  constit- 
uent fats  by  crystal  ligation  from  alcohol,  ether,  or  other  solvents,  which 
was  the  method  of  separation  resorted  to  in  tin:  earlier  investigations. 
The  only  effectual  meiliod  of  scpurai.iou  is  in  subject,  i.iie  alcoholic  solution 
of  the  acids  to  a  series  of  fractional  procipita.i  ions  wii.li  acetate  of  lead, 
barium,  or  magnesium,  id"-'  stern-ate  then  separating  out  first. 

Stearic  Acid,  C,iil'[;l:.0.,.—  This  iiobi  was  discovered  by  Chcvreul  as  a  con- 
stituent of  the  more  solid  fats  of  the  animal  kingdom.  It  is  most  abun- 
dant in  these,  especially  in  beef-  and  mutnm-siiet;  but  exists  also,  together 
with  palmitic,  myristie  acid,  &c.  in  the  softer  fats,  such  as  the  butter  of 
cow's-milk,  human  i'ai.  that  of  the  irooso,  of  serpents,  of  uantharidts,  and 
in  spermaceti.  It  occurs  also  in  voidable  fats,  especially  those  of  cacao- 
heans,  of  the  berries  of  Cuca/iis  iii'/'ra-i,  and  in  s'lca-lmtter,  obtained  from 
the  nuts  of  Bussia  Pnrhii,  a  tree  growino;  in  West  Africa.  In  all  these  fats 
it  oceurs  as  a  glyceride,  but  in  that  of  cooenliis  grains  also  in  the  free 

Stearic  acid  is  prepared  from  !,■  ■/"  or  iini.'/mi.-/.'/--:',  or  boiler  from  cacao-fat, 
by  saponifying  the  fat.  willi  soda-lye.  healing  tlie  seap-paste  with  water 
and  dilute  sulpliurie  acid,  removing  the  separated  fatly  acids  after  cooling, 
washing  them  with  water,  and  tbcu  dissolving;  them  in  as  small  a  quantity 
as  possible  of  hot  alcohol.  On  cooling,  the  greater  pari  of  the  solid  acid 
separates  out,  while  i  lie  oleic  acid   remains  in  solution,  and  may  he  sepa- 
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rated  by  subjecting  the  nuu:  after  draining,  to  strong  pressure,  redissolv- 
ing  the  residue  in  a  small  quantity  of  alcohol,  leaving  it  to  separate  by 
cooling,  uml  :i  jrsLlri  ore-sing  the  solid  mass.  From  the  mixture  of  solid 
faiiy  acids  ihns  obtained,  ihe  siearie  mav  bis  separated.,  in  a  con:  parnlivcly 
pure  state,  by  repealed  crystallization  from  considerable  quantities  of 
alcohol,  duly  the  portion  which  lirsl.  separates  being  each  time  collected. 
But  to  obtain  pure  stearic  acid,  it.  in  better  to  dissolve  the  impure  stearic 
acid  (4  parts),  moiling  at  about  iiiP  C.  ( i -1 0°  K),  in  such  a  quantity  of  hot 
alcohol  that  nothing  "ill  separate  out-  on  cooling,  even  to  0°,  and  mis  the 
hot  liquid  with  a  boilinj;  nlcem/lie  m:".u:;i.ii  of  magnesium  acetate  (1  part). 
The  magnesium-sill!  which  separates,  on  oooiing,  is  pressed  and  boiled  for 
some  time  with  a  large  quan:iiy  of  dilute  hydrochloric  acid,  and  the  stearic 
acid  thereby  separated  is  repeated:!-  crystallized  from  alcohol,  till  it  melts 
constantly  at  G*J°  10  70°  C.  (1(W-158°  F.). 

Stearic  acid  is  also  easily  prepared  from  the  fat  of  coecuIiLS'diorrics, 
which  consist.,  mainly  of  stearin,  by  sap eni tying  it  with  potash,  &c.  Ac- 
cording to  Buff  ami  iHideuiuuns,''  tlie  besi  materia!  for  the  preparation  of 
stearic  acid  is  shea-L'rtt'ir,  which  contain.--  about  70  per  cent,  stearic,  aud  80 
per  cent,  oleic  acid,  but  no  other  solid  fatly  acid. 

On  the  large  scale,  impure  stearic  acid  is  prepared  for  the  manufacture 
of  stearin-candles,  by  saponifying  some  of  (in!  harder  fat?,  generalk  with 
lime.  The  resulting  lime-soap,  decomposed  by  sulphuric  acid,  yields  a 
mixture  of  faliy  acid-,  which  arc  pressed,  first  in  the  cold,  and  afterwards 
at  a  higiie.r  tern  per  mure,  in  order  to  separate  (he  oleic  acid  from  I  lie  less 
fusible  palmitic  and  stearic  acids.  Another  method,  applied  chiefly  to 
palm-oil.  consists  in  decomposing  the  fat.  wif.ii  superheated  steam,  us  de- 
scribed under  LIi.yi.'ujun  (p.  •"■|i7j.  A  third  method  consists  in  treating  the 
fat  with  sulphuric  acid,  and  disiiliing  the  produot. 

Pure  stearic  acid  crystallizes  from  alcohol  in  nacreous  himimc  or 
needles;  it  is  tasteless  and  inodorous,  and  has  a-  disiinct  acid  reaction.  At 
low  [omn  era  tares  it  is  heavier  than  water,  having  a  specific  gravity  of  i  -01 
tiltp;  but.  between  IP  and  10°  C.  (4S3-50C  !:'.),  its  specific  graviiv  is  the 
same  as  that  of  water.  It  melts  at  tilF-nil-iP  C.  firm0  p.)  to  a  colorless 
oil,  which  on  cooling  solidifies  to  a  white,  fine,  scaly,  crystalline  mass, 
lamino-crystallinc  on  the  fractured  surface.  When  heated  it  distils,  for 
the  most  part,  without  alteration.  Chlorine  converts  it  into  ehlorostear-ic 
acid,  CjjH^CIO,.  Healed  wit  h  hromiw.  and  water  in  a  sealed  tube,  it  is 
converted  into  bromostearic  acid,  C]SHvIjrO;,  and  dibromostearic  acid, 
CJ8HMBrJ0!. 

tilem-iiU's--  Stearic  acid  dissolves  in  a  cohl,  aejue.otis  solution  of  alkaline 
carbonate,  probably  from  formation  of  acid  carbona-Uo  and  doe-  not  c:|  ■■! 
Ihe  carbonic  acid  and  form  a  mono-aeid  salt,  till  healed  to  about.  llXP.  On 
the  other  hand,  the  slearates  are  decomposed  by  most  other  acids,  (he 
separated  stearic  acid  rising  to  the.  surface  as  an  oil  when  the  liquid  is 
warm.  The  st  curates  have  ihe  consistence  of  hard  soaps  and  p  I  asters,  and 
are  mostly  insoluble,  in  water.  Tim  luinn/i!,  |«j«»*hj1i.  r,.,ll,.0:,l\,  sepa- 
rates on  cooling  from  a  solution  of  1  part  stearic  acid  and  1  par:  potassium 
hydrate  in  10  parts  of  water,  in  wdiitc  opaque  granules.  The  acid  suit, 
'•VWM'-t-'ii'VV  ,!!  ciuained  by  decomposing  the  normal  sa.it  with  1W!0 
pari s  or  more  of  water,  ami  sepiurMi.cs  in  sib  cry  scales  from  sol.ulioii  in 
boiling  alcohol.  N,;n:,.-d  .,»<iii<;:>.  si  car  ale,  <l1JI,-l>.,Va,  is  very  much  like  the 
potassium-salt,  but  harder.  The  acid  sail,  (■Jall",,,OaNii  .  CIB'l  i;,60.,.  obtained 
by  decomposing  the  norma'  suit  with  U()<)!)  parts  or  more  of  water,  sepa- 
rates from  the  hot  solution  in  nacreous  lamina?.  The  slearates  of  [he 
earlh-melals  and  heavy  metals  are  insoluble  in  water,  and  are  obtained  by 
precipiiation. 

'  Journal  I'iir  nraktis,  l.i:  CieTllli:.  Iwxiv.  215. 
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Soap*  consist  of  mixtures  of  the  sodhna  or  po'assium-salts  of  stearic, 
palmitic,  oleic,  anil  other  fitly  or  oily  acids,  and  are  produced  by  saponifying 
tallow,  olive  oil,  and  other  fats  wit.ii  causiie  alkalies.  The  soda-soaps  are 
called  hardsoaps:  they  separate  i'1'"111  '"<■  silkitlinc  Honor,  on  addition  of 
Common  salt,  ill  hard,  unctuous  masses,  which  are  the  soaps  in  common 
use:  this  mode  of  separation  is  called  sai.oV/  auk  The  potash  soaps,  on 
the  other  hand,  cannot  be  thus  separated  ;  fur  on  jielclin<j;  salt  to  their  solu- 
tion, they  are  decompound  and  converted  into  soda-soaps:  but  they  are  ob- 
tained in  a  semi-solid  state  by  evaporating  the  solution.  The  products, 
called  soft  soap,  always  contain  a  considerable  excess  of  alkali,  and  are  used 
for  cleansing  and  scourm;;  when  a  powerful  detergent  is  required. 

Stearic  ethers  are  formed  by  healing  stearic  iu:id  with  alcohols,  mon- 
aiomie  or  polyatomic.  Ethyl  sU-arme,  fi^I'^tl,  ...(!J-IS.  is  must,  easily  ebtainod 
by  passing  hydrochloric  acid  si.'  inio  an  alcoholic  soluiion  of  stearic  acid. 
It  resembles  white  was,  is  inodorous  and  tasteless,  melts  at  30°  C.  (86°  F.), 
andeannoibe  distilled  without  decern position.  11  is  readily  ilecoai nu-cd 
by  "boiling  with  caustic  alkalies.  There  are  three  iihiv-n/l  stmraUs  or  stearins, 
analogous  in  composition  to  the  palraitina  s  JfonoWea™,  (03H6)'"(OH 
('■'is"  i,-,'-i-  prepared  by  beating  a  mixture  of  equal  parts  of  stearic  arid 
and  clycm-i:i  to  -'.()■'•■''  C.  (W  )'.),  in  a  sealed  tube  for  lit)  hours,  forms  very 
small  white  needles,  mcltim*  at  (11°  ("'.  (U'2°  I'.'i,  and  solidifying  again  at 
60oC.(140°F.).—  MiHwhi,  fC,ll.lA"()Hit,:i,ll,sO.,;i.„  ob'ainerl  by  heating 
monostearin  with  3  parls-  of  stearic  ni:id  (o^bi/M!.  :">u'iF  I1',),  for  three  hours, 
forms  white  microscopic  Pimiuaj,  molts  at  o8,:  (1.  ■;  liJG0  J)'.),  and  solidifies 
at  55°  C.  (131°  F.').  —  Trixtmtriri  is  prepared  by  heating  monostearin  with  15 
to  20  times  its  weight  of  stearic  acid  to  27 &-  C.  (5l8c  I1'-),  for  three  hours 
in  a  sealed  tube ;  also  from  various  solid  natural  fats  by  solution  in  ether 
and  repeated  crystal: /at  iou  from  ri:e  hot.  solution,  i;  crystallizes  in  masses 
of  white  pearly  lamina?  or  needles,  inodorous,  tasteless,  neutral,  and  vola- 
tilizing without  decomposition  nudcr  reduced  pressure.  Hot  It  natural 
and  artificial  tristcarin  exhibit  three  isomeric  or  a.llotropic  modifications. 
Stearin.  separated  from  ether,  melts  at  (ilJ-T"  11  !'1",7C  l'.i  ;  but  if  heated  to 
Tii ■T'C.  l'lii-10  F.i,  or  higher,  and  then  cooled,  it.  Hoc s  not  solidify  till  eooled 
to  51-7°  C.  (124°  F.).  It  is  solid  below  52°  C.  (125°  I?.},  but  melts  at  that 
temperature,  and  if  heated  a  few  degrees  higher,  passes  into  a  third  modi- 
fication, which  does  not  melt  below  64-2°  C.  (148°F.).S 

Araehitlio  Acid,  C.,,11,.,0.,,  is  a  fatty  acid  obtained  by  saponification  of  oil 
of  earth-nut  (Arae/iii  hi/po-/aa).  It  crystallizes  in  very  ^aall.  shining  scales, 
melts  at  7  c?  C.  (lo7°  V.j,  and  solidities  again  a:  73  #C.  jKil^F.l,  t.o  a  ra- 
diated crystalline  nitis.s.  It  In  but  slightly  soluble  in  eold  nioohol  of  ordi- 
nary strength,  but  dissolves  easily  it?  hoiliue;  absolute  alcohol  and  in  ether. 

The  silver-salt.  t',llIIM0.,Air,  is  a  white  precipitate,  which  separates  from 
boiling  alcohol  in  slignily  hi. irons  prisms,  not  altered  by  exposure  t.o  light. 
Ullii/I  '.micki'httf.,  <'.,„\ll,10.1.  <": a-TTg.  is  a  crystalline  mass,  melting  at  iB-S"  Ij, 
(T2i)"  J'\).  Imrtheiot  iia.s  obtained  three  yliicfryl  arae.hi'kd-:*  or  itrne.hius. 
analogous  to  iiie  stearins,  by  healing  the  aei'l  wit  it  ;;'yccrin  in  seaica  lubes. 

Benie  or  Behenic  Acid,  C,,lf,.,Os,  is  obtained,  together  with  other  acids, 
by  saponification  of  oil  of  ben.'ihc  oil  oxpro.scd  from  the  fruits  'if  .Uiirinyn 
A~n:c  lUt.m.  'it  is  a  white  crystalline  fat,  ine'iau^  at  7<>i!,  and  solid  ii'vi:  10:  at 
70°  C.  (158°  F,). 

Cerotio  Acid,  Cg-H^O..  -  .This  aeid  in  the  ossein  itil  constituent  of  cms,  the 
portion  of  bees'-wax  w'hioli  is  soluble  in  boiling  alcohol.  It  is  prepared  by 
heating  the  was  Beveval  times   in  succession    with  boiling  alcohol,  till  tho 
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deposit,  which  forms  on  coolinjr.  melts  at  TO"  or  7^°  (.'.  (1S8°-162°  F.),  and 
may  be  further  purified  by  precipitating  ii.  from  the  finding  alcoholio  solu- 
tion iviLli  loan  aoeia:c,  'li;oomp-i JLn ;■■  ilic  precipitate  ■.-,■  it. h  sti-ijuj:  acetic  acid, 
ami  cryst.allmngtbe  jvoparaled  acid  from  boiline:  alcohol.  Orotic  acid  is 
also  produced  by  (he  dry  distillation  of  Chi  nose  wax,  which  consists  of 
ceryl  cerotate,  (l^II^O, .  I!JT1IS|.  ur  by  moll  hip;  thai  substance  with  potash, 
and  decomposing  !  In;  result  ini;  | . i . r j) ^ h. ■  m  1 1 1 - jj a ! r.  v>  it.h  an  acid  (p.  543). 

Pure  cerotic  acid  crystallines  in  small  grains,  moiling  at  78°  C.  (172°F.), 
and  distilling  without  alteration.  Chlorine  converts  it  into  chlo  roc  erotic 
acid,  CMH4,C11S0„,  a  rhicl:  transparent  gum  uf  a  pale-yellow  color. 

Ccn/i  emulate,  or  ( 'Liaise  iear,  is  produced  ori  coclain  (reus  in  China  by  the 
puncture  of  a  species  of  cot-ens.  it  in  crystalline,  of  a  dazzling  whiteness, 
like  spermaceti,  molts  at  V-T  0.  (180°  !■'.  |  :  dissolves  in  alcohol;  yields 
ccrotic  acid  and  cerykne,  Ci;ll-,,  by  dry  distillation,  it  is  used  in  China 
for  making  candles. 

Melissic  Acid,  C.=.UT rn,A.,  the  li-gbcsi  bf.own  member  of  Hie  fatty  series,  is 
obtained  by  healing  mi  Hoyl  alcohol  (ii.  \ii\Y\  iv:;ii  potash  lime: 

C~HaaO„        +         KOH        =        C^HrtO^K        +        2H, 

Myrieyl  Potassium 

alcohol.  melissate. 

It.  boars  considerable  it 
is  a  while  prooii'i'.a'.e. 


Monatomic  Acids  of  the  Series  C„H,„. 


—  Acrylic  Series. 


Tliis  s, 


■vises  two  isomeric  gi-iinps  of  acids:  the  one  c:(i])Sisi:iia: 
ol  acius  occurring  in  ihe  vegetable  or  animal  organism,  or  obtained  from, 
natural  products  by  special  processes;  the  other  of  acids  formed  by  a  gen- 
eral synthetical  process:    v,e  -hall  designate  I  he  acids  of  the  first  group  as 

normal  acrylic  nails,  ihoso  of"  the  second  os  i,.t,:ierylic  acids. 


<V'.iA 

tWUA 


Normal  A  crylk  Adds. 

The  following  ar 

!  the  known  ileitis  of  this  gioup: 

Acrylic  acid     . 

.     C,  H,  02 

Physetoleie  aci 

C,  II6  0, 

Hypogffiic  acid 

.    C.H.O, 

CliTdio   a  tad 

Pyroterebic  acid 

C6  H..0- 

Oleic  acid  \ 
I'.bii'dio  acid  J 

?  Damolurie  acid 

.    C,H,Y02 

TDamolic  acid 

CBHMOs 

Docglic  acid 

Moringie  acid  \ 
Cimicic  acid     J 

■       C]5HSS°2 

Brasaio  acid") 
Erucic  acid   j 

Most  of  these  acids  are  oily  liquid 
they  yield    the   potassium-salt,  of 
series,  with  elimi      '' 


CjHt02 

C,HgO, 

Ai:™i-'.i(j 


f  hydrogen,  thus ; 
2K0H    =     CaH,KO,    -\ 
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Ge  nerall j : 

CaH^O,    +    2K0H     =    C3lI3KOa     +   C-jH^KO,     +     H, 
They  are  also  converted  into  fatty  acids  by  the  action  of  nascent  hydrogen; 

"'"'  C,H6Os        +         H,        =         C,H8Oa 

CrotoniO  Butyric 

acid.  acid. 

Acrylic  Acid,  C3[I40,.  is  produced  by  the  oxidation  of  its  aldehyde,  acro- 
lein, C3H,0,  with  moist  silver  oxide,  l.i.  i,s  si  colorless  liquid,  having  a 
slightly  empyreumalie  odor,  and  misciblo  in  sill  proportions  with  water. 
Its  salts  resemble  the  formates  and  acetates,  and  art)  for  the  most  part  very 
soluhk  in  water. 

Acrylic  acid  is  converted  by  nascent  hydrogen  into  propionic  acid, 
Cjll/).,.  and  hy  bromine  into  dibi-omopropionio  acid,  C.|H,Bl'a02. 

■onih  cation  of  the  Oil 
what  pungent  odor  and  an  acrid 
rately  soluble  in  pure  water,  insoluble  in  saline  water.  Heated 
with  potassium  hydrate  i'  gives  ui:'  hydrogen  and  forms  two  molecules  of 
potassium  acetate: 

C,H6Os        +        2KOH        »        2CjIIsKOs        +         II,. 

Angelic  Aoid,  CarTsOa,  exists  in  (be  root  of  Hie  archangel  (An'/dka  imh- 
ant/elica),  and  in  su  nib  til  or  lun.sehris  root,  si  ■linji:  imported  from  Asia  Minor, 
and  probably  also  belonging  to  sin  tin  i  boll  ii'erouis  pi  an  I,  It  is  obtained  front 
archangel  rool,  by  boiling  the  run!,  wit  1 1  Lime  ami  wai  er,  and  distilling  iiie 
strained  and  concent  rated  liquid  with  ililme  sulphuric  acid.  It  is  also  pro- 
duced by  heating  the  essential  oil  of  chamomile,  which  consists  of  angelic 
aldehyde  together  with  a  hydrocarbon,  with  potassium  hydrate: 
csH»°  +  K0H  =  CjHjKO,  -f  H,. 
Also,  together  with  oveosolin,  t:.y  treating  ponce  dan  in  or  iniperatoriu  (a 
neutral  substance  contained  ir  "-~  ■  ''  ...-..■■       .      .    i 

other  umbelliferous  plants).  iv 

C1SH„03        -f-         KOH        ==        CsH,KO.,        -f         C,H8Os 
Peucudaiiin.  Potassium  Oreoselin. 

angelate. 
Angelic  acid  iTysln'ii/es  i:i  ion;:  prisms  a 1 1 ■  1  needles,  mells  id.  -!VJ  (*.  ;' !  1  :p 
P.),  boils  at  15)0°  G.  {KT'F  I1'-),  and  distils   without  decomposition.      It  has 
an  aromatic  taste  and  odor,  dissolves  sparingly  in  cold,  abundantly  in  hot- 
water,  also  in  alcohol  and  ether. 

The  angctatos  of  the  alkali-metaLs  are  solublo  in  water  and  in  alcohol. 
Ctilein.:ii.  ii/iwlaif..  ft.'  Jl.l  t.iJ!u".  Ai|..  fofm.s  shining,  vert  soluble  laiuinio. 
The  Lvd  .wit,  {CAl.O,)j>h-'',  is  a  white  precipitate. 

Potassium  angclale  treated  with  pho-phorus  oxyehlorido  yields  angelic 
osido,  or  anhydride.  :'( '.![.<  >  '■..(.).  v.  liici:  is  a  viscid  uncrv  stall: /.able  oil,  boil- 
ing at  'M<f=C.  {464°  F.). 

Ft/rolcrebic  acid,  C,J[r.(i...  is  produced  by  dry  distillation  of  terebie  acid, 
C,IIl0Oj  (one  of  the  products  of  the  a.ol. ion  of  nitric  stcid  on  turpentine  oil). 
It  is  a  liquid,  boiling  at  510"  C.  (410°  F.).  —  BaamluHe  acid,  C,H|SC5,  aud 
Dumolic  aud,  C,.,HM(\,  are  volatile  acids,  e-'J  '"  ■■    '' "  ■'"  ■      ■ 
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and  horses,  —  Morin'/k.  (ki'J,  T,. !!,/.',.  is  tin  oily  acid  oinaitierl,  together  with 
palmitic,  stearic,  and  booie  ii.cids,  by  tin;  saponification  of  oil  of  ben  (p. 
tl2">).  — -  Cimirie  acid  is  a  yellow  crysliillbahio  acid,  hn-viu;;  it  rancid  odor, 
extracted  bv  alcohol  arid  ether  from  a  kind  of  bog  I Jl'ijil-.i'/usSiT  ■ji-uncli- 
pennis). 

Hypogssic  Acid,  C^H^O,,  is  contained,  ns  n  glyeeride,  together  with  pal- 
mitin  and  arachin,  in  oil  of  earl  li-nut-  {Arr/:/,i.s  Ay;  .'or/..;  a).  To  obtain  it,  Ihc 
mixture  of  fatly  acids  obtained  by  saponifying  the  oil.  is  dissolved  in  alco- 
hol; the  palmitic  and  arnchidio  acids  are  precipitated  by  ammonia  and 
magnesium  acetate;  Hie  lilir.-ue  is  nii\-cd  with  a.mmonia  and  lead  acetate; 
(he  lead  precipitate  is  decomposed  by  hydrochloric  acid:  and  the  separated 
hypogseic  acid  is  dissolved  out  by  e.ther.  It  is  also  produced  by  oxidation 
of  nxinic  acid  (CHH.,/1 ,;,  an  acid  obtained  by  saponification  of  age  or  axin, 
a  fatty  substance  contained  in  the  Mexican  pirn;  C'lcena  Axin.  —  Hypogaeic 
acid  crystallines  from  ether  it;  stellate  groups  of  needles,  melting  at  31°  or 
35°  C.  (93°-9o°  ¥.).  easily  soluble  in  alcohol  and  ether.  lis  potassium  and 
sodium  salU  are  soluble  in  u-af.cr,  t.he  bari'tin  st--t!  is  soluble  in  hot,  insoluble 
in  cold  water;  the  <vyi/s-r  mid  i.Hrrr  .m!/«  arc  obtained  by  precipitation. 
The  r.lhylir.  ether,  t'lc"<!i'V  CVI1S.  is  a  yell  on-  oil,  no  I  volatile  without  decom- 
position. 

Nitrous  aoid  converts  hyno.^elc  sold  into  t.he  isomeric  or  allotropic  com- 
pound, Gaidie  ad'!,  related  r.o  it  in  the  same  manner  as  olaidic  acid  to  oleic 
acid.  It  forms  a  colorless  crystalline  mass  which  molts  at  38°  C.  (100°  F.). 
1'hysetolck  acid,  a  crystalline  acid  obtained  from  sperm-oil,  is  isomeric,  if 
not  identical,  with  hypoxic  acid  ;  it  melts  at  80'-,  and  solidifies  at  28°  C. 
(82°  P.). 

Oleic  Acid,  C,gII310,. —  This  a.cid,  the  most  important  of  the  series,  is  ob- 
tained by  saponitication  of  olein,  t.he  tiuid  constituent  of  most  natural  fats 
and  fixed  oils. 

To  obtain  pure  oleic  acid,  olive  or  almond  oil  is  saponified  with  potash: 
the  soap  is  decompound  by  tana.rio  acid  ;  a  ml  the  separated  fatty  aoid,  after 
being  washed,  is  healed  fur  pome  hours  in  the  water-bath,  with  half  its 
weight  of  lead  oxide  previously  reduced  id  line  powder.  The  mixture  is 
then  well  shaken  up  -.villi  a  bo  id  twice  its  bulk  of  ether,  which  dissolves  (he 
oleate  of  lead  and  loaves  the  st.oarato  :  the  liquid  after  standing  for  some 
time  is  decanted  anil  n:i.\ed  with  hydrochloric  acid:  the  oleic  acid  thereby 
eliminated  dissolves  in  I  he  ether,  and  the  ethereal  solution,  which  rises  to 
the  surface  Of  the  water,  is  decanted,  roiscd  iviih  waler,  and  freed  from 
ether  by  distillation. 

Large  quan lilies  of  crude  oleic  acid  are  now  obtained  in  the  manufacture 
of  stearin-candles,  by  treating  with  dilute,  sulphuric  acid  the  lime-soap 
resulting  from  the  action  of  lime,  upon  tallow.  The  I'atly  acids  resulting 
from  the  deeomposii  ion  are  washed  with  hot  water,  and  solidify  in  a  mass 
on  cooling;  and  this  mass,  when  subjected  lo  pressure,  yields  a  liquid  rich 
in  oleic  acid,  but  still  redlining  a  considerable  quantity  of  stearic  acid. 
After  remaining  for  some  time  in  a  cold  place,  it  deposits  a  quantity  of 
solid  matter,  and  the  liquid  decanted  from  this  is  sent  into  the  market  as 
oleic  acid  or  red  oil.     It  may  be  pu rifted  by  the  process  just  described. 

Oleic  acid  crystallizes  from  alcoholic  sohuion  in  darling  whito  needles, 
melting  at  14°  C.  (r>7n.l'Y)  to  a  colorless  oil,  which  solidities  at  4°  C.  (39° F.) 
to  a  hard,  white  crystalline  muss,  cspaniiin;:  considerably  at  tite  same  time. 
Specific  gravity  ^-'ibKOo'  at.  V.f  ti.  (l!(ic  .!■'.).  The  acid  volatilises  in  a  va- 
cuum without  decomposition.  It  is  tasteless  and  inodorous,  and  reacts  neu- 
tral when  unaltered  (tiol  o\idliedl,  also  ]■:,  alcoholic  solution.  It  isinsolublo 
in  water,  very  soluble-  in  alcohol, 'and  dissolves  in  all  proportions  in  ether. 
Cold  strong  sulphuric  noid  dissolves  it,  with  out  decomposition.  It  dissolves 
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solid  fats,  stearic  acid,  palmitic  acid.  &e.,  and  is  dissolved  by  bile,  with 
formation  of  a  soap  and  strong  acid  reaction. 

Oleic  acid,  in  the  no  lid  state,  oxidizes  but  slowly  in  the  air ;  but  when 
melted,  it  rapidly  absorbs  oxygon,  iicomi'iug  a  rancid  lasi.e  and  smell  and 
a  decided  acid  reaction.  Its  iltcoinjKis.il ion  by  fusion  with  potash  has  been 
already  mentioned.  Chlorine-  and  b>;:;i-.liu-,  in  presence  of  water,  convert,  it 
into  dichloroleie  and  dibiomoleie  acid.  liroininc,  added  by  drops  to  fused 
oleic  acid,  forms  tviiiroiii oleic  acid.  Clt)HalBi',Oj. 

Strong  nitric  acid  aita.eks  oleic  iiciu  will:  violence,  giving  off  red  nitrous 
vapors,  and  producing  volatile  acids  of  I  ho  series  <.,1H..„0S.  viz.,  acetic,  pro- 
pionic, butyric,  valeric,  cu-proic,  o.'-nantbylie,  uiiprvl:;;,  nelargoiiic,  and  rutic 
acids;  also  fixed  acids  of  the  .scries  (..,[,]).„,_4n.,  viz.,  suberic,  pimelic,  adipic, 
lipic,  and  azelaio  acids,  the  number  and  jimporlion  oi'lhesc  products  vary- 
ing with  the  duration  of  the  action. 

Nitron*  «W  converts  oleic  acid  into  a  solid  isomeric  or  allotropic  mediii- 
car.ii.in,  called  e.lnidk  acid. 

Oicoiej.~Thefor:onla.oft.!ienetii.val  nlcales  isC,sHa:i02T>I,  or  (C18HroOJ),M"'1 
according  to  the  equivalence  of  the  mem]  ;  ilicro  an,  likewise  acid  oleates. 
The  neutral  oleaios  of  t  lie  :'■  1  k:yH  -mni  :t!s  are  soluhlo  in  water,  and  not  so  com- 
pletely precipitated  from  their  solutions  by  Hie  addition  of  another  soluble 
salt,  its  the  stearatcs  and  pa lmi rates.  The  acid  oleates  arc  liquid  and  in- 
soluble in  water.  'The  oleates  dissolve  in  cold  absolute  alcohol  and  in 
ether,  »  property  by  which  they  may  be  distinguished  and  separated  from 
the  sie;u-a:.cs  and  paloi Rates. 

Ole.ins.  — Oleic  acid  forms  throe  glveorides,  viz..  monnlcin.  (t'al-|,)'"{OH) 
(CisHM0,) ;  diolein,  (C:all5}"(()JI).;rli;tJs;iii2),:  and  trioltin,  (CsH6)"'rC18Tlsa 
02)3,  which  are  produced  by  healing  oleic  acid  and  glycerin  together  in 
sealed  tubes  in  various    proportions.      The   first,   two  solidify  at  about  15°. 

The  olein  of  animal  fats,  and  of  olive  oil  and  several  oilier  oils,  both  ani- 
mal and  vegetable.,  which  do  not.  dry  up  in  the  air  by  slow  oxidntion,  tint 
are  converted  into  viscid  musses  having  it  rancid  odor  and  acid  reaction 
(non-drying  oils),  appears  to  be  identical  with  triolein,  but.  there  is  great 
difficulty  in  obtaining  it  pure.  Olive  oil,  cooled  to  4C  0.  (30°  F.)  or  a  lower 
temperature,  deposits  a  large  i|uanliiy  of  solid  fat,  consisting  mainly  of 
palinitin  (originally  called  ■iminjariii,  fruin  its  peaiiy  lustre),  and  the  oil 
filtered  therefrom  consists  nininly  of  olein.  A  purer  olein  is  obtained  by 
treating  olive  oil  with  a  cold  .strong  soluthm  of  cansiic  soda,  which  saponi- 
fies the  solid  fats,  and  leaves  the  olein  unaltered.  Olein,  subjected  lo  dry 
distillation,  yields  gaseous  products,  liquid  hydrocarbons,  acrolein,  and 
sebio  acid. 

Some  non-drying  oils  contain  the  glycerides  of  ncids  homologous  with 
oleic  acid;  such  is  (he  case,  as  already  observed,  with  croton-oil,  earth-nut 
oil,  and  sperm-oil.  Iloegling  train-oil,  obtained  from  the  doegling  or  bottle- 
nosed  whale  {tlala-;ta  roitrata),  yields  d'-yik  acid,  C,„Ti3n02.  Colza-oil,  ob- 
tained from  the  seeds  of  certain  species  of  ./Srnssirn,  csneeially  the  summer 
rape  or  colza,  lirassk/t  eaicpctH-i?.,  vnr.  ^hi/era,  yields  iV-issi'b  acid,  C,jH4!02; 
and  the  oil  of  block  mustard- seed  yields  a  similar  and  probably  identical 
acid,  culled  crude  acid. 

Drying  oils,  such  os  linseed  and  poppy  oils,  and  onsror-oil  whieh  is  a 
non-drying  oil,  contain  (.lie  glycerides  of  acids  belonging  to  other  aeries, 
whieh  will  be  noticed  hereafter. 
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of  malic  acid  in  which  nno  atom  of  oxygon  is  replaced  by  two  equivalents 
of  an  aleohol-radical  or'  tin'  scries,  CB  !!,„+, : 


OH, 
— C— CI 


ClT,fns 
HO— 0— CH, 


oiyit., 
HO— C— CH,CHB 
HO— C=0 

IticrhoXalio 


no— c= 

HO— C=0        HO— €=0  HO— C^ 

O.xaiic  acid,     Diim'tliojcalio  Ethomet 

acid,  oxalic  acid.  acid. 

Now,  when  the  cth;  lie  ethers  of  those  acids  ire  treated  with  phosphoric 
oxide  or  phosphorus  Iviob'oiido,  they  givo  liP  ■'  nmU-cule  of  water  (0HS), 
at  the  expense  (if  one  of  the  molecules  of  hydroxyl  {Oil  1  and  an  atom  of 
hydrogen  abstracted  from  one  of  the  monad  alcohol-radicals,  which  is 
thereby  converted  into  a  dyad  radical  (an  ololinc}  capable  of  saturating  the 
unit  of  equivalence  of  the  cuvbon-alotu  sei  free  by  abstraction  of  the  hy- 
droxyl.    The  product,  is  the  ethylie  ether  of  ai 


CH, 


H„C;0— C=0 

Ethylie  dirneth- 

oxalate. 


acrylic  aeid ;  thus, 

HaC=C— CHB 

H6C,0— C=0 

Ethylioinethyl- 

aerylate. 


'ho  ethylie  ether  thus  formed  is  convened  into 
cation  with  potash  in  the  usual  way.  In  this 
crylie  acids  have  been  obtained: 

C(CHj)(CH2)" 
1  isomeric  with  Crotonio  acid 

C(CH3)(CVH4)" 
Methylcrotonic  acid.  |  "  Angelic  acid 

COOH 
CtC.HjJfCjHj)// 

Ethylcrotonie  acid  .  .  |  "  I'yrofcrebic  acid 

COOH 
The  actual  form  at  ion  nf  :ho  others  of  those  acid-,  by  i  be  action  of  phos- 
s  chloride   on  the    oxalic  compounds  above 
lanner  shown  by  the  following  equations: 

C(CH.)(CJI,)" 
P.O.  =      I  4-    2P0SH 

C0OC,H5 

Ethylie  methyl-    Metaphos- 
phorie  aoid. 


ioncd,  takes  place  in  t. 
C(OH)(CH3)(CsH„) 
C00C2H, 


C(OH)(C3H6), 

COOCjH, 

Ethylie  dieth- 


( :■:'(:',  n -i  i  C.H.V'' 
a  i  +  pso,+6hci 

COOCSHS 
Ethylie 


chloride,      ethyt-orotonat.e. 


The  iso-acrylio  ncias,  when  fused  ■.'.  if  h  poUi-siui:;  hydrate,  are  converted, 
like  the  normal  acrylic  acids,  imo  I  wo  acids  of  [he  acetic  series.  The  dyad 
radical  of  the  iso-acrylic  acid  is  displaced  by  two  atom-;  of  hydrogen  de- 
rived from  two  molecules   of  potassium    hydrate  IlIKOH),  and  enters  into 
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cmnbi:);<1ion  with  two  atoms  of  oxygen:  and  at  the  same  time  Hie.  two 
atoms  of  potassium  displace  the  basic  bydr(t<;c[i-atoiii.s  ei' the  two  acids  thus 
produced,  eon  verting  Uifm  into  pot:. ssium-f  alts,  and  expelling  the  hydro- 
gen as  gas;  thus: 

C(CH,)"CHS  CH„CH3  II 

I  4-    2KOH  =|  +    ]  -f     H, 

COOH  COOK  COOK 

Propionate.         Formate. 


C(CIHi)"CHs 

COOH 

Mc.tliyl-cro- 

C(C1H,)"CSH6 

coon 

Ethyl-cro- 


CIJ.CIT. 


t  11. 


-    I 

COOK 
Acetate. 


'fin;  [jyiTiia!  a.ct",  :ic  acids  are  :teiViti;p'-M  :!  !iy  pt.ta-ii  in  a  similar  ma 
yielding  two  acids  of  the  serins,  ('■„  H.JrlO., ;  bill  one  of  [hose  is  always  . 
■acid.      Hence   it  is  in  terra!    thai    they  have  a  eeusiiuuioti  represent 

C(C„HS„)"H 
the  formula    I  ,  and  that,  their  Jccomposdion  by  potash  ii 

COOH 
resented  by  the  equation : 

C(CnH„}"H  CH.  Ca-,^., 

I  +    20H,    =      I  +|                    +    I 

COOH  COOH                COOH 

Iso-acvylic  Acetio          Homologue  of 

acid.  acid.              acetic  acid. 


The  formula)  of  the  individual  acids  ore 
CH(CHS)"     CHfCjHJ"    CH(C,H0)" 


court 


('■uijll. 


B  follOV 


COOH 


CH(C,BH3S) 
COOH 


Acrylic.  Cro  tonic.  Angelic,        Pyrotere 

1;  is  easily  seen  from  these  fmmnhr!  that  er.il.it;ii:  acid,  wher 
by  an  alkali,  must  yield  lno  nnjleeoles  ef  iieeiie.  neiil;  and  that  the  other 
acids  above  formulated  must  yield  acetic  acid  together  with  formic,  pro- 
pionic, butyric,  and  pulmilie  acids  respectively. 

An  acid  isomerie  with  erotonic  acid,  ana  diifenne;  IVoni  methacrylie  acid, 
bus  been  obtained  by  Veiling  ailyl  cyiuiide  with  caustic  potash: 

C,HSCN     +    KOH     4.     OHa    =    HH,    +     C4HbK02 
CH(CHS)" 


Franklaud  a 


iigns  to  this  acid  the  composition  CHj 


irrylie  iieids,  inasmuch  a 
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reactions  of  either.  It  is  a,  white  oryatalline  body,  insoluble  in  wate 
soluble  in  alcohol  and  otlitis-,  decomposed  by  disuiiu;ion  with  phosphor 
oxide.  i'i:(i  carbon  mu:io.\;uc,  water,  ai.u  oamphclcuo,  C9H1|r 


Monatomic  Acidn  belonging  to  the  series  C  JI^^Oj,  or  CnH2„_BO(0H). 

Only  three  acids  of  this    serifs   are  known,  viz.:   sen-hie  and  paraeorbic 

acids,  both  having  Hie  composition  (.'n M ^i > ,,  ami  eampiiio  acid,  C10H|6O,- 

ParaiorUc  add  is  a  volatile  "ily  add  ■ihtni-u-ii  from  mountain-ash  berries; 
sorbfc  add  is  a  crysiallizable  acid  produced  from  it  by  gentle  heating  with 
solid  potash,  or  boiling  wlilt  strong  hydrochlcric  acid ;  it.  melts  at  184-5° 
C.  (274°  F.),  YOlnlL.i/.es  wkhout  decomposition,  and  lie composes  carbonates. 
Camphk  add,  Cul)16Oj,,  is  obtained,  together  with  the  corresponding  alco- 
hol, camp  hoi  (p.  546i,  bv  hoatiins  common  eamnhor  with  alcoholic  SOtla- 
solution  in  sealed  tubes  to  170°-in0°  C.  (o,BS°-374'"F.). 


By  neutralizing  the  refilling  alkaline  solution  with  sulphuric  acid,  dis- 
solving out  the  sodium  cam phaio  with  alcohol,  evaporating,  and  again  adding 
sulphuric  acid,  the  oamphio  acid  is  obtained  as  a  solid  mass  heavier  than 
water,  insoluble  therein,  easily  soluble  in  alcohol.  The  potassium  and 
Sodium  salts  are  insoluble  in  strong  alkaline  lyes.  They  precipitate  the 
salts  of  copper,  iron,  silver,  and  zinc,  not.  those  of  the  alkali-metals;  all 
the  precipitates  are  tolui.de  in  a  hi  vise  quantity  of  water. 


Monatomic  Acid  helonging  to  the  series  CnH2„„60I. 

Hydrobmzoic  add,  CMJ}-  or  C,IT90(OII)  .*  —  This  acid,  corresponding 
to  the  unknown   alcohol,  CvI"I,,0,  it  formed,  together  with  other  products, 

by  the  uctioo  of  -nai mi-am  on  benzoic  acid: 

C,HrO„        +        2H-        =        C.H..O, 
Benzoic  Hydraden- 

itis more  easily  obtained,  however,  by  boiling  hydrobonzyluric  acid  (a 
product  of  the  decomposition  of  hippnvio  aoi'l  by  sodium  amalgam)  with 
alkalies  in  a  close  vessel: 


It  is  a  crystalline  acid,  forming  a  crystalline  calcium  salt,  (C,H30  )?Ca, 
and,  when  recrystallized  eilher  in  t.hc  tree  state  or  in  the  form  of  calcium 
salt,  is  ultimately  converted  bv  oxidation  into  benzoic  acid.  Its  ethylio 
ether,  CrH,Os .  CJIS,  has  "  .      .    ■      -       . 
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Benzoic  acid. 


Monattmio  Acids  belonging  to  the  series  OHm_BOj.—  Aromatic  Acids. 

These  acids  arc  produced  by  sump  of  (In:  processes  which  yield  the  fatly 
acids,  via.— 1.  Hy  tlic  oxidation  of  ihc  conv.-jionding  aldehydes  and  primary 
alcohols:  thus  benzoic  acid.  (.'rJI„Oa.  is  fovincd  by  oxidation  of  benzoic 
aldehyde,  C,H60,  and  of  beuzylic  i.lcohol,  C7He().  —  'i.  By  the  action  of 
water  on  the  eorrcsjiuTidiiijr  acid  chlorides. —  A.  Hy  the  action  of  alkalies 
on  the  cyanides  of  aromatic  alcohol-radicals. 

They  are  likewise  obtained  :  4.  By  the  simultaneous  notion  of  sodium  and 
carbon  dioxide  on  the  iiiojiobromiiiiited  derivatives  of  the  aromatic  hydro- 
carbons:  thus, 

CrH,Br    +     Na    +    CO,    =     NaBr    +     C.H.NaO, 
Bromo-  Sodium* 

benzene.  benzoate. 

E.  Certain  aromatic  nebH  are  peo'.Uiecd  by  the  oxidation  of  hydrocar- 
bons homologous  with  benzene. 

The  known  acids  of  this  series  are: 
llcnzoic  acid,  C,H60... 
To'iiic  iiiid  A!;ma.Vuie  acids,  0,H,O,. 
Xylic  and  Alnha-xylie  acids,  C3illnOr 
Cninie  acid,  l\„!f ,./)...  homologous  with  ioluic  acid. 
Alpna-cymic  acid,  t'nHK0.,  homologous  with  ulpha-toluic  acid. 


CjHj.CHjOH    +     Oj    —    OH.,    +     CBII5.0OOH 
Benzyl  al-  Benzoic 

cohol-  acid. 

It  is  also  formed  by  oxidation  of  benzoic    aldehyde,  CJ\cO  (bitter-almond 

oil),  in  presence  of  phii  iuuiu  black,  or  with  nitric  aeid. 

It  maybe  produced  directly  fiotn  ben/.oue,  by  acting  upon  that  com- 
pound in  the  state  of  vapor  with  carbouy!  oliioriiLe  :phri;-jtone  gtis)  whereby 
it  is  converted  into  benzoyl  chloride,  and    decomposing  this  chloride  with 

C6H„      +      G0C1,      =      IIC1       +       CjHjOOI 

Benzene.  Carbonyl  Benzoyl 

chloride.  chloride. 

c-H.oci      +      oh,      -=      nci      +      c,rr6o(OH) 

Benzoyl  Benzoic 

chloride.  acid. 

Fourthly,  it  is  obtained  by  beilirp:  hippuvic  acii!  for  the  urine  of  cowa 

or  horses  nhielr  contains-  tlml  aeid)  wir.li    hydroehlorie  aeid.      The  hippurie 

acid,  C9HsN08.  which  has  the  composition  of  berizoyl-jjlyeocine,  then  takes 

up  a  molecule  of  water,  and  is  resolved  into  adyoooino  (p.  (lid)  and  benzoic 

C LH,(C,H„0)NO,    +     OH,    =     C,H,NO,    +     C,H„0, 
Hippurie  acid.  Glycocine.  Benzoic 

This  process  is  applied  to  the  preparation  of  benzoic  acid  on  the  large 
Benzoic  acid  is  aluo  produced  he  the  ex:;la:.ion  of  a  great  variety  of  or- 
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ganic  bodies,  as  cumene,  cinnamie  aldehyde,  cinnamie  £ 

ca-ein,  gelatin,  &c. 

Benzoic  acid  exists  ready  formed  -n  large  quantity  in  several  balsams 
and  gum-resins,  especially  in  gum-benzoin,  ji  resin  which  exudes  from 
the  bark  of  Siyrax  b,y/.o'ni,  a  tree  growing  in  Suimatra:  Java,  Borneo,  and 
Siam.  When  this  substance  is  exposed  to  a  geur.le  heat  in  a  subliming  ves- 
sel, the  benzoic  acid  is  volatilized,  and  may  lie  condensed.  The  simplest 
and  most  efficient  apparatus  for  I  hi.-;  and  all  similar  operations  is  the  con- 
trivance of  Dr.  Mohr:  it.  consists  uf  n  shallow  iron  pan,  over  the  bottom 
of  which  the  substance  to  be  sublimed  is  thinly 
Fig.lSi.  spread;  a   sheet   of  bibulous    paper,    pierced    with  a 

number  of  pin-hole;;,  is  then  stretched  over  the  ves- 
sel, and  a  cap  made  of  (biok.  strong  drawing  or  car- 
tridge-paper, is  secured  by  o.  string  or  hoop  over  the 
whole.  The  pan  is  plaeed  upon  a  sand-bath,  and 
slowly  heated  to  the  requisite  temperature;  the  va- 
por of  the  ocid  condenses  in  Hie  cap,  and  the  crystals 
are  kept  by  the  lliiti  paper  diaphragm  froa1.  falling 
back  again  into  the  pan.  Benzoic  acid  thus  obtained 
assumes  tlie  form  of  light,  feathery,  colorless  crys- 
tals, which  exhale  a  ('vagrant  odor,  not  1 10 1  hi n p; i ( i (v  to 
the  acid  itself,  but  due  to  a  small  quantity  of  volatile 
oil.  A  more  productive  method  of  preparing  I  lie  acid  is  to  mix  the  pow- 
dered gum-benzoin  very  ioiiinatciy  with  a.n  equal  weight  of  slaked  lime, 
Imil  (nis  mixture  with  water,  and  decompose  the  tillered  soli.iinii.  concen- 
trated by  evaporation  (o  a  small  bulk,  with  excess  of  hydrochloric  acid; 
lie  bonzoie  acid  crystallizes  out  on  cooling  in  Hi  in  plates,  which  maybe 
drained  upon  a  clolh  iilter,  iiressei.l,  ami  dried  in  the  air.'  By  sublimation, 
which  ia   tJien  effected    with   trifling   loss,   the    acid   is  obtained  perfectly 

Benzoic  acid  is  inodorous  when  cold,  but  acquires  a-  faint  smell  when 
gently  warmed:  ii  melts  just  below  121c  C.  i'^o(tJ  I*'.),  and  sublimes  at  a 
temperature  a  little  above ;  it  boils  at.  i>4!)'-'  C.  (4S1P  !■'. ),  and  emits  a  vapor 
of  the  density  of  4-27.  It  dissolves  in  about  lii'iU  pari-  of  cold  and  25  parts 
of  boiling  water,  and  with  great  facility  in  alcohol.  Benzoic  acid  is  not 
affected  by  ordinary  nitric  acid,  even  at.  boiling  heat ;  but  v/itli  fuiumt/  nitric 
acM  it  forms  a  suiisiiuii ion-product. — Vhtorin?  also  acts  on  benzoic  neid, 
forming  substitution-products.-  ■  /'/<  n  ■>,'.' /<o''w  puntar/it/n-tfe  converts  it  into 
benzoyl  chloride,  CJbpt-i. — Benzoic  acid  dissolves  in  ordinary  strong  sul- 
phuric acid,  but  is  precipitated  unaltered  on  addition  uf  water.  By  fuming 
sulphuric  acid,  however,  ami  still  more  readily  by  sulphuric  oxide,  it  is 
converted  into  sulphobenyivic  acid,  t'.H^KI >,.  a  bibasic  acid  10  be  described 
hereafter.  By  nascent  hydrogen  (ovohed  by  sodium-amalgam)  it  is  partly 
reduced  to  benzoic  aldelivdo  mid  boiizvliu  alcohol,  and  is  partly  converted, 
by  addition  of  hydrogen,   into   hyd  robe.m-.oio    acid,  l"'.H1(J0j  (p.  632). 

All  the  benzoate~.  arc  more  or  less  soluble  :  ihey  Lire  easily  formed,  either 
directly  or  by  double  decomposition.  The  brito/utm  of  l!o:  alkalies  and  of  am- 
monia are  very  soluble,  ami  somewhat,  difficult,  to  cryslallize.  — ■  Caldumbai- 
eoate.  forms  groups  of  small  colorless  noodles,  which  require  20  parts  of 
cold  water  for  solution.  The  lin'ira  -infix  are  soluble  with  difficulty  in  the 
cold.  Neutral  fir r ;<•  imioaio  is  a  soluble  compound  ;  but  the  basio  salt  ob- 
tained by  neutralizing  as  nearly  as  po-sible  with  ammonia  a  solution  of 
ferric  oxide,  and  then  adding  ammonium  bcn/oat.e,  is,  quite  insoluble.  Iron 
is  sometimes  thus  separated  from  other  metals  in  quantitative  analysis. 
Neutral  and  basic  lead  bemo/ite  arc  freely  soluble  in  the  cold.  Silver  bcn~ 
zoate  crystallizes  in  thin  trans uurcnt  plates,  which  Siiackou  on  exposure  to 
light. 
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Calcium  benioate   is  rc~ob-'cd  by  ary  a!-:ilUii.-n    im.o  calcium  carbonate 
and  benzene,  or  bevr«-.phcnonc,  t\;ill  LU0,  the  ketone  of  bon/oU;  acid: 
(C,H6Cs)2Ca"         =         COsCa        +        CO(CtH„), 
Calcium  ben.-  Bcnzone. 

zoate. 

f  lime,  is  resolved 

CjHgOj         =  COa        +        C6H6. 

Benzoic  C  hi,  o  bt  bb,  ob  Bn^ovt,  ('iil.okiuh,  r,H,/H:l. — T  hi  a  compound, 
derived  from  benzoic  ncid  by  substitution  of  chlorine  lor  hydroxy],  is  pre- 
pared by  tile  aclnm  of  phospnonis  ncnt.nidr.nrid!!  on  benzoic  acid: 

C,HjO(OH)  -j-  FCIaCl,  =  rOCla  +  HC1  +  C,HsOCL 
The  two  substances  arc  mi s.ci.1  in  equivalent  quantities,  ;md  gently  heated. 
A  brisk  reaction  ensues,  hvi.lrochioi'So  acid  is  evolved,  while  oxvohlorLdc  of 
phosphorus  distils  over;'  and  when  the  temperature  rise;  to  1S0°C.  (384°  F.), 
the  receiver  la  to  bo  changed,  ami  the  benzoyl  chloride,  ivliioh  passes  over 
at  that  temperature,  collected  separately.  11  may  al'n  be  prepared  by  sub- 
jecting bitter-almond  oil  (I  'J 'a1')  '■'  ''U!  action  of  dry  chlorine  gas.  It  is 
a  colorless  liquid  of  peculiar,  uisii^ree'ih.e.  :iml  jiungeut  odor;  its  density 
is  1-306-  Tile  vapor  is  inlluinnnible,  and  Imnn  ■.villi  n  greenish  flame;  its 
density  (referred  to  air}  is  4-087.  Benzoyl  chloride  is  decomposed  slowly 
by  cold  and  quickly  by  boiling  water  into  hon/oie  ami  hydrochloric  acids  : 
with  an  alkaline  hydrate,  a  beiuoatc,  and  chloride  of  Ike  nlkalic  metal,  are 
generated. 

Benzoyl  Iodide,  C5HsOI,  is  prepared  by  rlislilling  the  chloride  with  po- 
tassium iodide:  it  forms  a  colorless,  crystalline.  Iitsible  mass,  decomposed 
by  water  and  alkalies  in  (he  same  inaiuier  a;  die  chloride.  The  bromide, 
C7H5OBr,  has  very  similar  properties.  'iknxi.yl  qr.i'dde,  C,IIsO .  CN,  ob- 
tained by  healing  the  chloride  with  niereurie  evanidc,  forms  a  crystalline 
mass,  fusing  at  31°  C.  (87°  i\),  boiling  a(  i>07<M!.  (-KM0!'.),  and  having  a 
pungent  odor,  somewhat  resembling  lliai.  of  cinnamon.  All  these  com- 
pounds yield  benzatnido  ..'Mil  dry  ammonia. 

,  C14IJlo03,  or  (C,H60),0,  is  obtained  by 


C,H6O(0Na)    +    C,HS0C1    = 

NaCl 

-h     (C,H,0)d°- 

Benzoyl  chlorine  acjs  in  like  man  nor  on  acetate  o' 
tillation  into  acetic  or  valeric  oxide  and  benzoic  i 

r  valerate  of  sodium 
of  which  splits  rip 
rxide : 

C,HtOCl      +      CsH„0(ONa)      = 

Had 

,        C,HsO  1  n 
+       C=H80  }° 

Benzyl                   Sodium 
chloride.                valerate. 

Yahiio-beu- 

and; 

2{c$S}°  -      <°>H.0>-0 

Valero- ben-                    Benzoic 
zoic  oxide.                    oxide. 

+ 

(CsH„0)sO 

Valeric 

Ben;  o -co  ruin  thy '.ic,  beniros-iorcric,  henzo -angelic,  heuzo-eninjnic  oxide,  and 
several  others,  Lave  beet!  obtained  by  similar  processes. 
Benzoic  oxide  crystallizes  in  oblique  rhombic  prisms,  melting  at  42°  C. 
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(107°F.),  ftnd  (lisl-iniiig  uudcooniposed  a l  310C  ('.:.  (iWF.).  It  melts  in 
boiling  water,  remaining  !Juid  for  a  long  time,  but  is  ultimately  eotivcrtod 
i:j[ i.  benzoic  acid,  iinil  dissolves:  caustic  alkalies  elfcci.  die  conversion  much 
more  rapidly.   With  ammonia  ii  tortus  ammonium  bcn/oat.e  and  benzaniido  ; 


Benzoyl  Dioxide,  on  Peroxide,  C,,]"!,,,!),,  or  i ;'C,.ir.n,)5.  — Erodie  ob- 
tained this  compound  by  I i l- i : , ;_i; 1 1 1 >■:  benzoyl  chloride  in  contact  with  bari- 
um dioxide  under  water;  (lie  product,  "hen  re-crystallized  from  ether, 
yields  large  shining  crystals  '■]'  boumiyi  dioxide.  wh:.r.:;i  explode  when  heated. 
When  submitted  to  the  action  of  a  boiling  solution  of  potash,  this  substance 
evolves  oxygen,  and  J'oitms  potassium  benioate. 

Benzoyl  Sui.pnivtio,  (r,ll'6'J;„8,  obtained  by  distilling  the  chloride  wilh 
finely  powdered  lead  sulphide,  is  a  yellow  fetid  oil,  solidifying  at  a  low 
E(ji:i].n'j"i1  il'.o  to  ,i  soil  crystalline  inaBB. 

DireneOti,  C|4H1004.  —  Oupvie  >ic'-izi--fit  c:  subject oil  lo  gradual  dry  distil- 
lation, gives  a  residue  containing  salicylic  and  benzoic  acids,  and  au  oily 
distillate  which  crystallizes  on  cooling,  arid  consists  of  dibenzoyl.  This 
substance  poasessea  the  odor  of  the  geranium,  molls  at  711"  0.  (158°  F.).  It 
was  discovered  by  Hiding,  and  subsequently  studied  by  Stenhouse.  By 
heating  with  potassium  hydrate,  it  is  instittiliv  converted  into  benzoic  acid, 
with  evolution  of  hydrogen. 

Ar.ith  itfiii-fd  fi-nm  Jl-'-y.-jrAi'  Acid  lij  substitution. 
CiiLOBORENKore  Actd,  Cll-CtO^.  is  olitaiuod  by  treating  benzoic  add  with 

potassium  chbuaiu  and  hydrochloric  acid.  Acids  having  die  some  com- 
position  n  fo  produced  by  i  lie  Motion  of  chlorine  upon  benzoic  arid  in  sun- 
light, and  also  by  distilling  siiluiiobcu/oie.  acid,  salioylio  acid,  or  liippurie 
acid,  with  phospliiirus  ponrnohloridc.  ami  boiling  the  dist.ilbilo  with  n'ater. 
The  acids  olilained  by  diesc  sovoi'al  methods,  however,  diifer  in  their  prop- 
erties.     Chloi-ubo.iitfoie  aciii  trcn:cd  with  sodium  amalgam  and  naler  is  con- 


C7l!:-0,Ag        +        Br2         =        AgBr        +         C,H6Br02. 
Bromine  doc-  not  act.  on  benzoic  acid  at  ordinary  temperatures. 

NitkOrenzoiO  Acni.  C,TI.['XO.,iO„.  is  obiatned  by  boiling  benzoic  acid  for 
several  hours  wii.li  fuming  nitric  acid  :  and  by  prolonged  notion  of  tho  fum- 
ing nitric  acid,  or  more  readily  by  the  action  of  a  mixture  of  nitric  and 
sulphur io  acids,  diidtrntn-nzmf.  and,  C..U4i;,\0;');05,  is  produced.  Both  tlieae 
are  crystalline  bodies,  analogous  in  most  of  tlioir  reactions  to  benzoic  aeid. 
Amidobebzoic  Acids.  —  Nitrobenzoie  and  dhiHrobenzoic  acids  arc  rc- 
ducod,  by  treatmeiii  with  curtain  reducing  agents,  as  hydrogen  sulphide  or 
ammonium  sulphide,  to  amit/i,  be/i-'iii:  ami  !lii:ii,Uh-h«jisoie  acids: 

C,H((NO,,)0,    +     38H2    =    20H,    +     Ss    +      C,Hs(NHs)0? 
Nitrobcnzoic  Amidobonzoie 

acid.  acid. 

C;II,;xt),)30,    +     6SH,    =     40H,    +     S6    +     C^XIT,)/), 
DLnitrobenzoio  Iliamido- 

ncid.  benzoic  aeid. 
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Both  these  are  crystalline  (.-uhl;....i nrnls.  Amidybnmjio  acid  is  a  monobasic 
acid,  forming  metallic  salts  and  ethers :  dianjidobemoic  acid,  Oil  the  con- 
trary, possesses  no  acid  propen.ics,  but  is  rather  a  base,  combining  readily 
with  hydrochloric  and  otoei  acids,  mid  ibi'iu::)^  erysla'dizable  salts. 

Whenamidobcuzoic  acid,  C,H,NOa,  is  subjected  to  the  action  of  nitrous 
aeid,  two  moleoules  of  it  give  up  i  iircu  atoms  of  hydrogen  in  exchange  for 
one  atom  of  nitrogen,  and  arc  converted  into  a  compound  containing  C„ 

2C,H,NO,     -f     NOaH     =    20H,    +     C^flJXfi^ 
Thia  substitution  of  hydrogen  for  nitrogen  was   first   observed  by  Griess, 
who  has  since  shown  thai.  il.  is  susocpiiulo  ni'  very  general  application. 

By  the  prolonged  action  of  nitron;  acid,  [lie  compound  L',,!!,^"  j ',  i:' 
| - i l t- 1  i : 1 1 1  v  converted  into  oxy  lieu  zoic  acid,  C,ll8Oj. 

Acetamidobenzoio  Aorn,*  C,H9N03  =  C,Hs[NH(C,H30)]Oj,  or 
C,Ii,KU(CrIaO) 

i  . — This  acid  is  produced  by  digesting  amidobenzoic  acid 

COOH 

wit.ii  acetic  acid  at  1;!<P  140=  C.  (26G°-2B-r  I'.)  in  a  scaled  tube: 

C,H,(NH,)0,     +     CjHjOfOH)     =     0H2    +     C,H5[NH(CaH30)]Oa, 

Amidonensoic  Acetio  AceUlmidobenzoic 

acid.  acid.  acid. 

or  by  the  action  of  acetyl  chloride  or  acetic  i'.cid  on  zinc  amidobenzoate  : 

(C,H6NOa)sZn"     +     2C.,ri9GCl    =    ZnCI2    +     2C,H6(C!HsO)NOs 

/me'  oxyhcuioate.  Acetyl  '  Acetauiidobeu/oic 

chloride.  acid. 

Acetamidobcn/.oio  add  i-  a  white  powder,  consist  ini;  of  microscopic  crys- 
lals,  insoluble   in  cold  water   and   ether,  slightly  soluble    in  boilhi;:  wilier, 
easily  in  boiling  alcohol.      Jt  is  a  monobasic  acid,  f'i.ji-i:iii]<r  easily    soluble 
salts  with  thi!  metals  of  the  alkalies  and   alkaline  earl  lis  :   sparingly  soluble 
sails  will]   lead,    silver,  and  /inc.      I!y  bollinc;  with   hydrooli'.oric  or  dilute 
sulphuric  acid,  it  in  resolved  into  acetic  and  amidobenzoic  acids: 
C,H„N08    4-     OH,    =     C,H,0,    +     C,HvN02. 
Hipj-ukic  Acid,   or  Be  hz  a  mi  o  acetic  Acid,  CBH8N0a  =  CaIIa(C,H50)N0s 
C.H,HH(C,H60) 
=  C,HJNH(C,H,0)]0,  or     I  .  —  This   acid,    isomeric    with 


(CjH.NOjJjZn"     -f-    2C,H0OC1    =    ZnCl,    +    2CaH,[NH(C,H50)]02 ; 

the  reaction  being   analogous  to  the   second  of  those  above  given  for  the 
formation  of  acetamidobenzoic  aeid. 

Hippuric  aeid  occurs,  often  in  large  quality,  as  a  potassium  or  sodium- 
Salt,  in  the  urine  of  horses,  cows,  and  other  graminivorous  animals;  in 
smaller  ijuanlily  also  in  human  urine.  It  is  prepa.red  by  evaporating  in  a 
ivaior-bath  pier  Ice  I  ly  fresh  cows'  mine  to  about,  a  ieitilt  of  hs  volume,  filter- 
ing from  the  deposit,  and  then  itiisius;  the  liquid  with  evcess  of  hydro- 
chloric  acid,  (lows'  mine  frequently  deposits  hippuric  acid  without  con- 
centration, when  mixed  with  a  considerable  ijuaritiiy  of  hydrochloric  aeid, 
in  which  the  acid  is   loss  soluble   than   in  water.      The   blown  crystalline 

*  G.  a  Foster,  Chem.  Boo.  Jour™.!,  iffi.  2S5. 
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mass,  which  snpriviiti-a  an  coolio;-,  i:!  dissolved  In  iioilme:  ivaiei',  anil  treated 
with  a  stream  of  chlorine  gas,  mit.il  tin;  liquid  assumes  :.  light  amber  color, 
and  begins  to  soiell  of  chlorine  :  it  Is  (hen  filtered  and  left  to  cool.  Tlia 
Etill  impure  aoid  is  re -dissolved  in  water,  no nival iiul  ivil.li  sodium  carbonate, 
atid  1  mi-  J I  m  ■  1  Cor  a  sin  i  H  (hoc  with  an::.-  al  charcoal:  the  1  l  i.  -■ '  hi;  ere  a  -u'.i-i  ion 
is,  lastly,  decomposed  by  hydrochloric  acid, 

Hippuric  acid  orystalli/os  in  lung,  slender,  milk-while,  and  e;;eeed:;igly 
delicate  square  prisms,  which,  have  a  slightly  bitter  taste,  melt  on  the  ap- 
plication of  heat,  and  require  for  solution  about  -J 00  parts  of  cold  water: 
it  also  dissolves  in  hot  alcohol.  It  has  an  acid  reaction,  and  forms  salts 
with  bases,  many  of  which  arc  crYstaUizo.liic.  Tlxposod  co  a  high  temper- 
ature, hipptiric  acid  undergoes  decomposil  ion,  yielding  benzoic  acid,  am- 
monium benzoate,  and  bcuzoniirile.  v.iih  a  coaly  residue.  With  hot  oil  of 
vitriol,  it  gives  oil'  benzoic  acid  ;  bo:'.iug  nydrochloric  acid  converts  it  into 
benzoic  acid  and  anridaoeiic-  acid  or  glycerine : 

C2H,(C,H50)NOa     -f      H(OH")      =     C,HaO(OH)     +     CjHjtTO,, 
Hippuric  aoid.  Water.  Benzoic  Amidacetie 

just  as  acetamidobenzoic  acid   is   resolved   into  aeclic  and  amidobenzoic 

Hippuric  acid,  treated  with  nitrous  ecid,  ;-rivos  off  nitrogen,  and  is  con- 
verted into  beninghjcottic  acid,  an  acid  containing  the  elements  of  benzoic 
and  gly  collie  (oily  ace  lie;  acids,  minus  one  molecule  of  water  ; 

CBHnNO,      -J-      HOaH      =      CaHaO(      -f      OH2      +      N, 
Hiiipuric  Nitrous  Benzogly- 

aoid.  acid.  collie  acid, 

rjenzojtlycollio  acid,  when  boiled  with  water,  splits  up  into  banioic  and  gly- 
oollio  acids ; 

C9H604  +  OH,  =   C^0Oj  +  C2H,Os. 

If,  in  the  preparation  of  hippuric  acid,  the  urine  lie  in  the  slightest  de- 
gree putrid,  the  hippuric.  acid  is  all  destroyed  during  ilie  evaporation,  am- 
monia is  disengaged  in  large  quantity,  and  (he  liqaid  I;  then  found  to 
yield  nothing  but  benzoic  acid,  not  a  trace  of  which  can  be  discovered  ill 
the  unaltered  secretion.  Complete  piu.ivl'aci.ion  ell'cets  the  same  change  : 
benzoic  acid  might,  rim.-  lie  procured  to  aimosr  any  extent.  When  benzoic 
■acid  is  taken  internally,  it.  is  rcjcoied  from  the  system  in  the  state  of  hip- 
puric acid,  which  is  then  found  in  the  urine. 

Hippuric  acid  is  r^onobasie,  the  formula  of  the  hipnural.es  of  monatomic 
metals  being  CaH,iMMO;!.  .Most  metallic  oxides  dissolve  readily  in  hippuric 
acid.  The  hippurates  of  potassium,  sodium,  and  ammonium,  are  very 
soluble,  and  difficult,  to  crystallize;  their  solutions  form  a  croam-colored 
precipitate  with  ferric  salts,  anil  while  curdy  precipitates  with  silver  ni- 
trate and  mercurous  nitrate.  A  characteristic  reaction  of  the  hippurates 
is,  that,  when  fused  niib  excess  of  potash  or  lime,  they  give  off  ammonia 
and  yield  benzene  by  distillation.  Mineral  acids  decompose  them,  separate 
itig  (he  hippuric  acid. 

Hippuric  acid  dissolves  so  abundantly  in  an  aqueous  solution  of  sodium 
phosphate,  that  this  solution  loses  its  alkaline  reaclion  and  becomes  acid. 
This  reaction  may  explain  the  acid  character  of  Ihe  recent  urine  of  man 
and  animals. 
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Alpha-tflluic  acid.  0,;tl"s, .  CI  1 ,00011',  e:<in-csi.:o]i(i:.iic;  to  the  unknown  alco- 
Ii.jI,  G6lI6.ClUIII.,Uil.  lierived  from  ethyl-benzene. 
Normal  tolaic  acid  is  produced— 1.  liy  oxidation  of  xylene  with  dilute 

CBHB  +  Oa  —  OH,  +  C6Ha02 

Also  by   ihe  prol'ingoil    action   of    dilute  niti-ii;   aeid  on  ovraene  (p.  600), 
oxalic  acid  being  formed  at  the  same  time: 

C,„H,4    +     0B    =     CBH3Os     +      C,H,04    4.    20HS 
Cyinene.  Toluic  Oxalic 

acid,  aoid. 


C.H.Br    4-    Na~    -f     CO,    =    NaBr    +     C,H- .  CO.Na 
Bromo-  Sodium 

toluene.  toluate. 

Toluic  acid  is  precimiuiod  by  acids  from  the  solution  of  its  salts  as  a 
white  crystalline  -mas*,  -.vhioh  melts  af  about  175°  C.  (447°  ]•'.),  ami  sub- 
limes  without  decomposition  in  fine  needle*.  Irs  chemical  reactions  are 
analogous  to  those  of  benzoic  acid.  1'y  distillation  with  lime  or  baryta  it 
is  resoivca  inlo  civhoci  dioxide  and  toluene.  t.'JI,.  Distilled  with  phos- 
phorus pontachloridc.  it  yields  iahik  chl;n,h-.  CB'lf,OC],  or  C6TT,C.TT3 .  COt.'L 
Strong  nitric  acid,  at  the  h'-.ilin;;  beat,  converts  it.  into  niUvLzluit:  add, 
CsH,(NO.JOs.  When  introduced  into  tin!  animal  organism,  it  is  excreted 
as  tolwk  acid,  Cl(?ni.'\T",,  a  homologuc  of  bippuric  acid. 

Alpha-toluic  aail,  i  'fiIls  .  CILCUJ!,  is  produced  by  boiling  benzyl  cyanide 
wi!Ji  .iwoiii-  pettish  solution  us  lung  a.-:  ammonia  is  given  off: 

C6Ha-CII5CN    -+     20HS    =    HH,     +    C«H.  CH2COOH 

Benzyl-  Alpha-toluic 

oyanide.  acid. 

The    reaction    amounts  to  an  interchange    between    an    atom   of   tvha'.ent 

nitrogen    and  the   group  0":(>.H):    hence  the  constitution   of   Ihe  acid  is 

apparent. 

Alpha-toluic  acid  crystrdii/es  fvnnt  boiling  uatov  in  broad,  thin  laminte, 
very  mueh  like  benzoic  acid:  it  has  an  odor  like  that  of  the  perspiration 
of  horses.  It  melts  at  If,--,"  C.  (Kit!0  V.).  Ki(os  of:',  ever,  below  100°,  vapora 
which  excite  coughing,  and  boils  at.  2iliWic  O.  (510°  IV).  It,  forms  a  sub- 
stitution-product wit.h  nitric  acid,  and  when  distilled  with  phosphorus 
pet.ta.chlovidc,  yields  ■jlpht-mhw-.  ,:/,lori,k,  CJI..OU,  ov  CCI1S.  ClU'OCl,  which 
passes  over-  as  a  colorless  heavy  liquid. 

Xylic  Acid,  C,H]0Oj.=  CeH3(CHs)g.CO,H,  homologous  with  benzoic  and 

with  nocnia.l  toluic  acid,  is  produced  by  the  action  of  fodiiuit  ami  carbon 
dioxide  on  bromo-.xylone,  l\H.,Hr:  also,  by  oxidizing  cumene,  C9rl„,  with 
nitric  acid,  Insolinie  aeid,  I'^ll.O.,,  is  formed  at.  too  same  time,  but  the  two 
acids  are  easily  s;-ii:i  rated  by  dislillai  ion,  t  lie  xylic  acid  pttssine;  over,  white 
the  insolinic  acid  ri's:;aiuu  behind.  Xvlie  acid  cvvsiaili/.cB  i'mi-  luiilmir 
water  in  needles,  melts  at  103°  €.  (217°  F.),  boils  at  273"  C.  (628°  F.),  and 
sublimes  easily  in  needles. 

Aipha-xylk  acid.  (\.U,i  GU3) .  CILCfyi,  is  obtained  by  boiling  xylyl  chlo- 
ride with  potassium  cyanide  (w  lie  re  by  xylyl  cyanide,  i  'jEljCl,  is  produced), 
and  then  with  potash.  J.i.  oryslnlihcs  in  bread  needles,  having  a  satiny 
lustre,  easily  soluble  in  water,  and  boiiin-r  at  42°  C.  (108°  F.}. 

Cnmic  Acid,  CmHtt0j,  probably  CgH^CjHj) .  C02H,  homologous  with  beo- 
Hestee  by  G00gk 
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zoic  and  normal  toluic  acids,  is  produced  by  oxidation  of  euminol  or  cumic 
aldehyde,  C10Hj,O,  one  of  the  constituents  of  oil  of  cumin.     It  is  vory  much 

like  bi-n/oie  :n.-nl.  is  eotrv-i.rt.cd  hy  i'i.::uri;r  naiv.ic  utid  into  uiirocurr.ie  add, 
t ',,,11  Lli  _Vli.it,.  nil  ruHijlvud.  l.i v  dUu.kiion  with  lime,  into  carbon  dioxide 
and  cumene,  C,H„. 

Cymic  Acid,  C,.H,,0,. —  Normal  cytnic  acid  is  not  known, but  alphacymic 
acid,  probably  C6H3(CaH,).,C001I,  is  produced  by  Uie  action  of  caustic 
alkalies  en  cymyl  cyanide,  C10H|jCN. 


Honatomie  Acids,  C„H2,,_10O2. 


The  acida  of  this  strict-  irt  rrlaied  to  the  aeoue.tie  acids,  in  the  same 
manner  as  those  of  the  acrylic  series  to  the  fatty  acids.  Only  two  of  them, 
however,  are  at.  present,  known,  viz.:  oionamie  and  atropio  acids,  both 
compiling  OJiJ>r 

CHIC.H.)" 
Cisnamio    Acid,   CsHaO,  =  C.H,0(OII)  =    I  .  —  This   acid   is 

CO,H 
produced  synthetically:    1.  My  healing  benzoic  aldehyde  in   close  -vessels 
with  acetyl  chloride : 

C,HB0     +    C,HaOCI    =    HCI    +     C„H8Oa. 


C,H40       +      COCla      =       HCI  +       COa      +         CSH3C1 
Aldehyde.          Carbonyl  Chlorethyl- 

chloride.  idene. 

C,Hj01       +        C,HS02K        —        KC1        +        C9H8Os 

Chlorethyl-  Potassium  Cinnamio 

idene.  benzoate.  acid. 

Cinnamio  acid  is  also  produced  by  oxidation  of  cinnamon-oil  (cintiamic 
aldehyde,  C0HBO)  in  air  or  oxygen,  and  exists  ready  formed,  together  with 
benzoic  acid,  and  certain  oily  mid  resinous  substances,  in  Peru  and  Tolu 
bftlsama,  being  doubtless  produced  l:.y  o::ida-i....u  of  irintryl  alcohol  or  styrone, 
C„HB0  (p.  50*),  likewise  contained  therein.  It  maybe  procured  by  the 
following  process  in  [Treat  abundance,  and  in  a  slate  of  perfect  purity.  Old, 
hard  Tolu  balsam  is  reduced  Io  ponder  tin  ..I  inl  iit-alcly  mixed  with  an  equal 
weight  of  slaked  lime:  this  mixture  is  boiled  tor  some  time  in  a  large  quan- 
tity of  Water,  and  filtered  hot.  On  cooiiiiL.,  calcium  eint.amate  crystallizes 
out,  while  calcium  beiuoaTe  remains  in  solution.  The  impure  salt  is  rcdis- 
solved  in  boiling  water.  uii(cstc..l  ivi'.H  animal  eliarcm>l,  and,  after  filtration, 
Suffered  to  crystallize.  The  crystals  are  drained  and  pressed,  once  more 
dissolved  in  hot  water,  and  an  excess  of  hydrochloric  acid  being  added, 
the  whole  is  allowed  to  cool.  The  pure  cinnamio  acid  separates  in  small 
plates  or  needle- formed  crystal.-  of  perfeitt  whiteness.  Prom  tho  original 
mother-liquor  much  ben.oic  sudd  .may  be  procured. 

The  crystals  of  cinnamio  acid  are  smai.cr  :;n:.i  less  distinct  than  those  of 
benzoic  acid,  wliieh  in  mo.si.  respects  ir  vt/rv  eloselv  resembles.  It  melts  at 
120°  C.  (248°  F.),  and  enters  into  ebullition  at  2'.yi''f..  iofiO"  F.J ;  the  vapor 
is  pungent  and  irritating.  Cinnamic  acid  is  u.vuh  ]•.:--  soluble,  both  in  hot 
and  cold  water,  than  benzoic  acid;  a  hot  saturated  solution  becomes  on 


cooling  a  soft  solid  mass  of  small  nneveou.scvysials.  II. dissolves  with  perfect 
ease  in  alcohol.  Boiling  nitric  acid  decomposes  cinnamie  acid  with  great 
energy,  mid  with  production  of  copious  red  fumes :  bitter  almond-oil  distils 
nvin-riiud  ben/.oic  i.uid  remains  in  llii?  retort.  When  cinnamie  acid  is  heated 
in  a  retort  wilii  a  mixture  of  strong  solution  ol  potassium  bichromate  and 
sulphuric  acid,  it  is  almost  inslnntly  converted  into  benzoic  acid,  which 
atlevvviiials  distils  over  will)  llie  v;ipor  of  water;  the  odor  of  biilcr-alniond 
oil  is  at  the  same  Lime  vr.rj  perceptible.  Ciiiuamic  acid  fused  with  escess 
of  potassium  hydvaic,  is  decompiled  :.:v.o  hemoio  and  acetic  acids: 
CjHaO,     +     20H2    =    C7He02    +     0,11,0,     +     H,. 

This  decomposition  is  precise.^-  analogous  to  thai  of  an  acid  of  the  acrylic 
series  into  two  acids  of  tin;  laity  scries  (p.  6261. 

Cinnainic  acid  is  resolved  by  disl  illai  ion  ividi  lime  or  baryta,  and  par- 
tially also,  when  distilled  alone,  into  carbon  dioxide  and  cinnaniene,  C8H„ 
(p.  501). 

The  camamateK,  0  ,.](..<  >.,!!  fi'ur  muiKiiniuie  metal.-),  arc  very  much  like  the 
benzoatcs.  Cinnyl  r.iiiiKim'.af..  CiiiH'.-miir.,  or  f!i.->ir/i/:i/i.,  I',,1I10I.  CsHj,  is  con- 
tained, together  with  oinuitnieiic  aoil  sly  ml,  in  .liquid  sturax  (which  eludes 
from  Styraz  oiUrmiia,  it  shrub  growing  in  Greece  and  Syria);  also,  together 
with  styvol  and  other  substances,  in  Peru  and  Tola  balsams,  the  produce 
of  cenain  species  of  Miji-o;<<t!v::i  ^vnv.in:;  in  South  America.  It  is  .-ilitaincil 
from  storax  by  distilling  the  balsam  to  expel  the  sfyvol,  then  boiling  ii  with 
aqueous  sodium,  carbonate  to  remove  free  cinnamie  acid,  and  kneading  the 
spongy  residue  between  ihe  lingers.  Ktyrucin  Hum  runs  out  as  uti  oily  liquid, 
am!  may  be  obtained  in  lulls  of  beautiful  prisms  by  crystallization  '.eom 
alcohol.      When  distilled  with  potash,  it  is  resolved  into  cinnyl  alcohol  and 


Atbopio  Acid,  rsl(/)r  is  a  ciys-iaiiinc  neiil,  isi.mieric  v.-ith  cinnamie  acid, 
obtained,  together  iririi  a  basic  compound,  impinc.  by  iiie  action  of  alkalies 
on  atropine,  an  alkaloid  o.visriii;;  in  A-rop.i.  LU.'hukmrM  and  Datura  Stram- 
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These  acids  arc  derived  from  diiiioiuie  alcohols  by  -substitution  cither  of 
0  for  Hj,  in  which  ease  they  contain  three  atoms  of  oxygen  and  are  mono- 
basic, or  by  substitution  of  0,  for  II,,  in  which  case  they  contain  four  atoms 
of  oxygon  and  are  bibasic. 

Tho  relation  between  tin;  sulurntial  hydrocarbons,  the  glycols,  and  the 
diatomic  acids,  is  shown  in  the  following  table: 

Diatomic  Acids. 


vd  re  cavli  ens. 

Glycols. 

Monobasic, 

Bibasic. 

C.Ha+j 

CnH,n+iOs 

CaHaO, 

CoH^-A 

C.H* 

CnHsoOa 

CnHIU-A 

CJEW^Q, 

C„Hsn_s 

c„nSB_,o, 

C,,!!,,,.,!)., 

C„l.l2!1_e04 

CBHSn_4 

CBH,„_40S 

CnH,„_c03 

Cy&V-A- 
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Diatomic  and  Monobasic  Acids. 
1. — Lactic  Series.  '. '„!  I  .!ni >... 


Glycollic  or  Oxyaectio  acid,  CaII,0,. 

Lactic  or  Osypropionie  Mid,  I.],I1603. 

Oxybutyric  acid,  (-.1.1^0.,,  itnd  lis  isomer.  Dimclhoxalic  acid. 

Oxyvaleric  acid,  (";sH,ll0.1.  and  its  isomer,  Ethomethoxalic  acid. 

Leucic  or  Oxycaproic  acid,  CCH, .,().,.  and  isomer,  i.)ic:hoxalie  acid. 

Acids   homologous   ivir.li    dimotiio^aiie  acid,  and  containing  7,  9,  and  12 
atoms  of  carbon,  have  also  Tuonn  obtained. 

The  normal  lactic  acids  correspond  to  I  lie  diatomic  alcohols  homologous 
with  ethenic  alcohol  (glycol) ;  thus  : 

Cn_(  H,„_jOII  C^Hfe.aOH 

CH,OH  COOH 

Diatomic  Normal  acid  of 

alcohol.  lactic  aeries. 

If  in  the  second  formula  we  make  B  successively  equal  to  1,  2,  8,  &c, 


Carbon  in      Glycollic 


C.H.OH  C.H-OH 

1  J 

COOH 
Oxy  butyric 


comi 


Carbonic  acid  is,  kowover,  a  bibasio  acid,  for  reasons  which  will  bo  ex- 
plained further  on,  and  will  be  cotisiilored  by  itself. 
The  normal  lactic  acids  ace  produced: 

1.  from  the  glycol.-  by  slow  cidiilUiri  io  contact  v.-ith  platinum  black,  or 
by  the  action  of  dilute  nitric  acid.  The  higher  glycols,  however,  are  partly 
split  up  by  oxidation,  pari  of  their  carbon  as  well  us  hydrogen  being  oxi- 
dized, iir.d  a  [ewer  acid  of  the  series  prr'""  '  '  ■  ■  ■  ■ 
csybutyric  instead  of  osyvnlnric  aeid. 

2.  By  the  action  of  moist,  silver  oxid 
broniinaled  fatty  acids  (p.  708),  e.  g.: 

CSH6C10S     +    AgHO    = 
Chloropro- 
pii.inie  i.eiii. 


ceil;    riius  amyleue  flyool  yields 
i  the  monochlorinatcd  or  mono- 


AgCl    +     C.,H60j 


of  the  fatty 


I'y  (he  action  of  nitro 

CiHjITOj    +    NO„rI    =    CaH,0?    +     0HS    4-     Ns 

A."- :i acetic  acid  Glycollic 

(glycocine).  acid. 

C(Cnn2n+1)2OH 
The Isoladk  ocwfs  are  represented  bv  [lie  <rc:icral  formula,  ] 

COOH 
They  are  obtained  in  tlic  form    of  ethers  by  the  action   of  the  zinc-com- 
pound of  an  alcohol-radical,  CH.,,,-^,  on  a  neutral  cilice  of  oxalic  acid  con- 
taining a  radioal  of  the  same  aeries,  aucb  as  diethylic  oxalate.      The  reao- 


i  the  amidated  deri- 
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lion  consists  in  tho  replacement  of  an  atom  of  oxygen  in  the  oxalic  ether 
by  two  equivalent!!  ■::■['  a!colnd- radical,  ami  the  -imu'.t. menus  replacement  of 
an  equivalent  of  ethyl,  methyl,  &«.,  in  the  oxalic  ether  by  an  equivalent* 
of  line,  whereby  an  ciiicr  of  zinc- did  liy.'  i,\.n:  :.l-  sn;ii.l,  Ac,  is  produced,  which 
fay  certain  obvious  iransformjuions  may  bo  converted  into  the  required 
acid;  thus: 

COOCH,  C(C3II6)2OZn' 

+     2Zn'CsH3  =  Zn/(CII,)0     +        I 
COOCH,  "  COOCH, 

Dime!  hylic.  Zinc  Zino  Methylic  zinco- 

Oxalate.  methide.  methylate.  diethoxulate. 

C(0-H.).OZii'  C(C,H.)„OH 

I  +        HOII       =       Zn'HO        +         | 

COOCHj  COOCH. 

Methylic  zinco-        Water.  Zinc  Methylic 

dieth  oxalate,  hydrate.  dieth  oxalate. 

The  methylic  dicthoxalaic  is  cusily  decomposed  by  baryta- water,  yield- 
ing methyl  alcohol  and  barium  diothoxalate: 

C(C.H.).OH  C(C,H,).OH 

I  +      Ba'HO      =     CH.(OH)      +       I 

COOCHj  COOBn' 

Methylic  Barium 

distil  oxalate.  dieth  oxalate. 

And  this  salt  decomposed  by  sulphuric  acid  yields  tliethoxalic  acid, 
C(CsH6)aOH 

J,  isomoric  with  leucio  acid. 
OOH 

In  tho  first  stage  «-r  r'-c  process  i(  is  found  best  10  use  a  mixture  of  othyl 
iodide  with  metallic  zinc,  '.vhiuh  prodtieo,-  /mc-oili'de,  instead  of  the  latter 
compound  previously  prepared.  The  other  isoluctic  others  are  prepared 
in  a  similar  manner. 

The  acids  of  either  group  are  reduced  by  hydriodic  acid  to  the  corre- 
sponding acids  of  the  acetic  series  ;   e.  g.  : 

C3H8Oj      +      2HI      =      CjHoOj      +      0H2  +      Is 

Laetio  Propionic 

The  ethereal  salts  of  the  isoinetie  acids  are  crmvoiTod  bv  phosphorus  tri- 
chloride or  penioxide,  into  ethers  of  the  iso-aerylie  acids  (p.  625);  the 
ethereal  silts  of  the  normal  luetic  acids  do  not.  exhibit-  this  reaction. 

Tho  normal  lactic  aeids,  when  healed,  give  up  a  molecule  of  water,  anil 
are  converted  into  oxygen  ethers  or  anhydrides  ;   s.  g. : 

CaH603        —        OHa         =         C,H.Os 
lactic  Lactide. 

Two  molecules  of  a  normal  lactic  ucid  may  also  be  deprived  of  a  molecule 
of  water,  thereby  producing  a  conden-cd  acid,  analogous  to  the  polyetheuio 
alcohols;  e.g.: 


Itvalait  (32-5)  inatoELd  nf  t 
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CHaOH 

Glycollic  Acid,  CsH403    =       I  . —  This  acid  is  produced  in  a  variety 

COOH 
of  reactions,  several  of  which  haie  beer,  already  mentioned,  viz.,  the  oxi- 
dation of  glycol  by  contact  wil  li  platinum  lilac  1;  or  by  treatment  with  dilute 
nitric  acid  ;  the  decomposition  ot  ijeti/ualycullic  acid  by  boiling  with  water  ; 
the  decomposition  of  glycocine  by  nitrous  acid;  the  action  of  water  or 
alkalies  on  bromacetic  and  ehloracetic  acid,  or  their  salts  (pp.  (103,  014, 
638),  e.g.,  by  boiling  silver  brontacolalo  with  water: 

C2HaBrAg02         +         OHj         =  AgBr  4-  CsH403 

It  is  also  produced:  a.  By  (hi;  ncti.en  of  a'.i;ali.es  on  giyosal  and  sjlyoxylic 

CaHaO,        +        OH,  =        0,H40, 

Glyoxal.  Glyoollio  acid. 

2C2H,04        =        C5H204        +  C,H4Oj         +         OH, 

Glyoxylie                     Oxalic  Glyoollio 

acid.                         acid.  acid. 
ff.  Together  with  gli  oxul,  gly o.v-y iic  acid,  au;l  other  products  by  the  ac- 
tion of  nitric  acid  upon  alcohol. 

y.  By  the  action  of  nascent  hydrogen  (evolved  by  iinc  and  sulphuric 
acid)  upon  oxalic  acid  : 

c!ff2°i         +  2Ha         =  0Ha         +         CaH«Os 

Osalic  Glycollio 

acid.  acid. 

Glycollic  acid  differs  somewhat  in  it?  ru'-.-iyoi-i  ios.  accurding  to  the  man- 
ner in  which  it  is  prepared,  being  sometimes  syrupy  and  uncrystallteable, 
sometimes  separating  from  its  solution  in  ether  in  targe  regular  crystals. 
It  has  a  very  sour  taste,  dissoh  us  easily  in  water,  alcohol,  and  ether;  melts 
at  78°  or  79°  C.  {1  Tii1-— 1 74"'  F.  j :  begins  to  boil  at,  1(")(/J  ;  decomposes  when 
heated  to  above  150°  C.  (302u  i\).  All  the  gly  collates  are  more  or  less  solu- 
ble ami  evystalliiable. 

Diglycollic  acid,  C4Tl(iO-  ---  -'"'Jl,!-^  —  OII2,  also  called  faramalie  acid. — 
This  acid,  isomeric  wi'th  malic  acid,  and  .related  lo  glycollic  acid  in  the 
same  manner  as  diethonie  alcohol  to  glycol,  is  produced  by  the  dehydra- 
tion of  glycollio  acid,  and  by  the  oxidation  of  dierhenic  or  t.riethenie  alco- 
hol. It  is  also  formed  in 'the  preparation  of  glycoilic  acid  by  healing 
sodium chlora ce tale  with  caustic  soda,  which  in  fact  is  the  process  by  which 
it  was  first  obtained  : 


C,H,C10,     4-     2N&HO     = 
Chloracetic 

NaCl      +      Oil,      4- 

r..n,V:0., 

Sodium  -iy- 
eollate. 

C,H,C10,        4- 
Chloracetio 

acid. 

(,:.JI..\a((, 
Sed'iun,  " 
gKci.iVln  10. 

=         NaCl        4- 

C4HcOs 

]^g-y,',:.ili« 

acid. 

Diglycollic   acid  is   a 

metals,  normal   salts  cm 
bivalent,  mctaL*  it  forms 

crystalline  bibasic   acid,    forming 
itainins  C4lI,"U/0.,  and  sudd   subs, 
.  only  normal  salts,  ("!4H4M-"Os. 

with  univalent 
C,H4Ms05;  with 

lactic  Acid,  C3HB03  = 

two  modifications:   one 
i'ci'CLijiiiatioti    of    sugar  . 

CjfLOII            f  HC.H.OH 
;   1               or  C  J  0"          .—Of  this  acid  there  are 
COOH               (OH 

called  ordinary  l/ii-'-ic  acid,  produced   by  a  peculiar 
;    the   second,    called  paralactic  or  sarmlactic  acid, 
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existing  in  muscular  flesh.     The  difference  of  constitution  between  these 

two  acids  is  represented  by  the  following  formulas :  ■ 
CH,  CH2OH 

CHOH  OH. 

COOH  COOH 

Ordinary  lactic  acid.         Paralactit;  acid. 
Ordinary  lactic  acid  is  also  produced  hy  the  first  three  general  methods 

given  on  page  64:2,  vii.,  by  the  slnw  oxii.laf.loij  of  propone  glycol;  by  the 
action  of  moist  silver  oxide  on  ehloro-pvf'pi'jiiic  or  bvomo-propiotiie  acid ; 
and  by  the  action  of  nitrous  acid  ou  aianine  ;  further,  by  the  following 
tjsei'iiLl  processes: 

o.  By  the  action  of  nascent  hydrogen  on  pyruvic  acid : 
CaII4Os        -J-         H,        ==        CsHsOa. 
0.  By  the  action  uf  hydrocyanic  acid  and  wai  cr  en  acetic  aldehyde: 
CH2 


CH3 
CO"H 

Al'ltilj'l'.'. 

+ 

CNH        —        CHOH 

k 

Hydrooyanio     Unknown  int.er- 
aeid.       mediate  compound. 

CH3 

CHOH        -f 

CHS 

20H,        =        HH3        +        CHOH 

1 

ON 

COOH 
Lactic  acid. 

Inte 

Parabiotic  acid  is  produced: — 1.  By  hearing  or  bene  idilorohydrate  with 
an  :i.lc.oli;ilic  solulioo  of  potassium  ey;i!iidc,  ami  boiling  Hie  resulting 
ethenc  cyan  o-h  yd  rate  with  caustic  po'iLsh.  whereupon  ammonia  is  given 
off,  and  potassium  paralaotate  is  produced  : 

CH.OH  CH.OH 

I  +        CNK        =        KC1         +  I 

CHjCl  CHaCN 

Ethene  chlor-  Ethene  cyano- 

hydrate.  hydrate. 

CH..OH 
CH.OH 

|  +        20H,        =        NH,        +  CH, 

CH,CN  "  | 

Ethene  cyano-  COOH 

hydrate.  Paralactio 

aeid. 
2.  By   combining    ethene   with   earboni-l   chloride,   whereby    paralactyl 
chloride  is  produced,  and  i.iceompc-mg  this  chloride  with  an  alkali : 
CH.C1 


CH3 

1  +  C0C1, 


COCI 
Ethene.  Paralactyl  chloride, 


iloride. 
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CH2Cl  CH.OH 

CHa       +        2H0H         =.        2HC1        +        CH, 

coci  coon 

I'ai'a.lactyl  chloride.  Paralactic  arid. 

Vara  lactic  acid  Is  oxt  racted  from  mu-cular  .flesh  by  cold  water  or  dilute 
alcohol. 

i'n-pnritthm  of  oriVn-my  bj-:Or.  'ii, 'd  ',11  FirxiU'Ja'ion  — Various  kinds  of  Sugar, 
and  dextrin,  wIikii  subjected  to  the  adieu  of  particular  ferments,  arc  con- 
verted into  lactic  acid,  the  change  consisting  in  a  reso'.utien  of  the  molecule, 
preceded  in  some  cases  by  (lie  assumption  of  the   elements  of  water: 
C„Hls06  =  2C,H,0, 

Glucose.  Lactic  acid. 

O.^H^O,,        +         OH2        +         4C„H803 
Milk  sugar.  Luetic  acid. 

This  laetous  fermentation  requires  a  -,o-nper;iluye  between  20°  and  40"  C. 
(58°  and  104"  F.l,  and  tin:  presence  of  water  and  certain  ferments  —  viz., 
albuminous  substances  in  a  peculiar  .state  of  decomposition,  such  na  casein, 
glu tin,  or  animal  !:>oiubrancs,  especially  the  coat  ing  of  the  stomach  of  the 
calf  (rennet),  or  of  (lie  dog.  or  bladder.  According  lo  Pasteur  and  others, 
it  depends  upon  the  presence  of  a  peculiar  j'L.nc.us.  I'thlrill.inm  glaucum  (p. 
521).  The  following  i.s  a  -oiid  method  for  preparing  ihe  acid  in  consider- 
able quantity:  '2  gallons  of  milk  arc  mixed  with  fi  pounds  of  raw  sugar,  12 
pints  of  water,  8  entices  of  putrid  cheese,  and  4  pounds  of  chalk,  which 
should  he  mixed  up  to  a  creamy  consistence  with  some  of  the  liquid.  This 
mixture  is  exposed  in  a  loosely  covered  jar  to  a  temperature  of  about  30° 
C.  (86°  F.),  with  occasional  stirring.  The  u^v,  of  tin:  chalk  is  to  neutralize 
the  lactic  acid,  which  would  otherwise  e ungulate  the  casein,  render  it  insol- 
uble, and  thereby  put  a  stop  to  the  process.  At  the  end  of  two  or  three 
weeks  it  will  be  found  converted  into  a  semi-solid  mas*  of  calcium  lactate, 
which  may  be  drained,  grossed,  end  purified  by  re-crystallization  from 
water.  The  lactate  may  he  decomposed  by  the  necessary  quantity  of  pure 
oxalic  acid,  the  filtered  liquor  neuraii^ed  w  it  h  zinc  carbonate,  and,  after 
a  second  filtration,  evaporated  until  ihc  zinc-salt  crystallizes  out  on  cooling. 
An  important  modilica.tion  of  this  process  consists  in  employing  commercial 
zinc- white  ins  toad  of  por/dorod  chalk,  which  yields  at  mice  difficultly  soluble 
zinc  lactate,  easily  purified  by  ro-cryst:d!iiation.  The  zinc  lactate  may, 
lastly,  be  re-dissolved  in  wafer,  and  deema  posed  by  sulphuretted  hydrogen, 
in  order  to  obtain  the  free  acid.  Together  with  the  lactic  acid  a  certain 
quantity  of  nmnnite  is  invariably  ferrued.  This  is  separated  by  agilul  in;-; 
the  concentrated  aqueous  solution  with  ether,  in  which  lactic  acid  alone  is 
soluble. 

If,  in  the  first  part  of  the  process,  the  solid  calcium  lactate  be  not  re- 
moved at  the  proper  time  from  the  fermenting  liquid,  it  will  gradually 
re-dissolve  and  disappear,  beiue:  converted  into  soluble  butyrate  (p.  (il7). 

Lactic  acid  may  he  extracted  from  a  great  variety  el  liquids  containing 
decomposing  organic  mailer,  as  ^aiter!,rnnt,  a  preparation  of  white  cabbage, 
(he  sour  liquor  of  ihe  starch-maker,  &c. 

Solution  of  lactic  acid  may  he  concent  rated  in  the  vacuum  of  the  air- 
pump,  over  a  surface  of  oil  of  vitriol,  until  it.  appears  as  a  colorless,  syrupy 
liquid,  of  ap.  gr.  1-215.  It.  has  an  intensely  sour  taste  and  acid  reaction: 
it  is  hygroscopic,  ami  very  soluble  in  water,  alcuhol,  and  ether.  All  ita 
Kaii-  are  soluble. 

When  syrupy  lactic  uoid  is  heated  in  a  retort  to  liitP  (J.  (2(10°  f.),  water 
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containing  a  little  lactic  arid  distils  over,  and  the  residue  on  eoolinjr  forms 
a  yellowish,  solid,  fusible  mass,  very  hitler,  and  nearly  insoluble  in  water. 
This  is  dilactic  a6d.  i6:[i0U:-,  ■  2CaELO,  Oil...  Long-nontinnBd  boiling  with 
water  re-converts  it  into  laelio  acid.  When  thin  subMnnee  is  further  heated, 
it  decomposes,  yielding  numerous  products.  One  of  (ijese  is  laetkle,  or 
lactic  anhydride,  t'aH.('.,.  h  tola-tile  sabslaiuie,  crystallizing  in  brilliant, 
colorless,  rhombic  plate;,,  which,  when  jnit  into  water,  slowly  dissolre,  with 
production  of  lactic  acid. 

Lactide  combiners  with  'tm,-n--,!iiii,  forming  In r.'i'ii, .■"■/.',  a  soluble  crystal  Unable 
Substance  isomeric  with  silstiiinc  or  ainidopropionio  acid  (p.  CIS).  The  dif- 
ference between  these  two  bodies  and  liieir  relar.iun  to  lactic  acid  is  ex- 
hibited by  the  following  formulae  : 

C.HJfH,  C.H.OH  C.ILOH 


COI 


COOH  COOH  CONH, 

Alanine.  lactic  acid.  Lactam  ids. 

Alanine  may  be  derived  from  lactic  a.eid  !iy  substitution  of  amidogen  for 
the  alcoholic  hydroxyl  of  lhc  acid  i^which  comes  to  exactly  the  same  thing 
as  replacing  an  atom  of  hydrogen  in  prop  ionic  acid,  tjll^'j.  by  amidogen) ; 
accordingly  it  retains  nu  atom  of  basic  hydrogen,  and  therefore  reacts  as 
'an  acid  (laetamie  or  amidopropiouio  acid)  ■  but  in  laoiamidc  tho  basic  hy- 
droxy 1  is  replaced  by  amido-gen,  sml  i  he  re  fore  I  lie  compound  is  neutral. 

Another  product  of  the  art  ion  uf  heat  on  luetic  acid  is  lactone,  a  colorless 
volatile  liquid,  boiling  at  (12-0°  C.  (liiS1!  P.).  Acetone  is  also  formed,  and 
carbon  monoxide  and  dioxide  are  given  oil'.  I.aei.io  arid,  boiled  with  dilute 
nitric  acid,  or  with  dioxide  of  load  or  barium,  is  eonverted  into  oxalic  acid. 
Distilled  with  dilute  sulphuric  acid  and  dioxide  of  lead  or  manganese,  it 
yields  a  large  quantity  ol'  aldehyde,  together  with  carbon  dioxide.  Hy- 
drinaii'  aeid,  or  a  mixture  of  phosphorus  t.ctro.vide  and  water,  reduces  it 
to  propionic  acid,  with  liberation  of  iodine: 

CaH„03    +    2HI     =     C3H„0,    +     OH,    +    I,. 

Paralactic  add  in  solution  or  in  the  syrupy  slate  is  [indistinguishable  from 
Ordinary  lactic  acid.  When  healed  ii  is  eonverlcd  into  lael.ide,  which,  when 
boiled  with  water,  yields  ordinary  lactic  acid. 

Lactai.es.  — The  best  defined  of  i.!:e-e  sahsa.ro  represented  by  the  formula;, 
CjIJjOjM',  and  (CaIiBOj),M".  Barium  and  calcium  alio  form  acid  lactates, 
e.g.,  (CjH5Oa),Ca''.2CaH603.  The  lactate.?  are.  tor  the  most  part,  sparingly 
soluble  in  cold  water,  and  rill  ore  see  rani  illy  from  I  heir  solutions :  they  are 
all  insoluble  in  ether.  When  heated  wilh  excess  of  strong  sulphuric  acid, 
they  give  oil'  a  large  quantity  of  pure  carbon  monoxide, 

The  paralactates  have,  for  the  most  purl.,  the  -ante  composition  as  the 
lactates;  but  some  of  them  differ  in  form,  solubility,  and  other  characters, 

Calcium  lactate.  (C3iI,Os),Ca" .  5  Aq.,  is  obtained  in  the  fermentation  pro- 
cess above  described,  or  by  boiling  aqueous  lactic  acid  with  calcium  car- 
bonate. It  dissolves  in  ii-;j  parts  of  wilier  at  ordinal1)'  temperatures.  The 
paralaclate  contains  only  I  molecules  of  water,  which  however  it  retains 
longer  than  the  lacta.t.e,  and  requires  12  pans  of  water  to  dissolve  it. — 
Zinc  lactate,  (03lls<J.|).JZn/-' .  ;i  Aq.,  gives  off  iis  wafer  quiclily  at  100°,  dis- 
solves in  6  parts  of  boiling  water,  in  o-8  parts  of  cold  water,  and  is  nearly 
insoluble  in  alcohol.  The  patalaeiate  contains  only  "  molecules  of  crystal- 
lization-water,  which  it.  retains  wilh  considerable  flhroe.  It  dissolves  in 
2-88  parts  of  boiling,  5-7  parts  of  cold  water,  ami  in  2-23  parts  of  alcohol, 
either  cold  or  boiling.  —  Ferrous  lactate  is  prueipitaied  in  small  yellowish 
needles  on  mixing  ammonium  la.crate  with  ferrous  chloride  or  sulphate.  — 
Ferric  lactate  is  a  brown  deliquescent  masa. 
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Lactic  FJlir.ru.  —  Luetic  uciil.  lilto  the  oilior  members  of  llie  group,  call 
form  throe  different  ciliers  containing  the  same  univalent  alcohol- radical, 
according  as  the  alcoholic  or  the  basic  hydrogeu-moiii,  or  both,  arc  re- 
placed;  thua: 

CsH4OH  GflflGj^  CsH,OH  C2II4OC2Hs 

COOH  COOH  COOC.H.  COOG,H\j 

Lactic  Etuyl-lactio  Monethylio    Dielhylio  lactate, 

aoid.  acid,  lactate.  or  ethyiic  eiiiyl 

lactate. 

Mmittli ijlir.  'ic'a'i-,  C.-ll.-O^ .  i.'.,ll;i,  is  produced  by  distillin;  j.iira-~lu?:i  or 
sodium  Incline  wim  po'as-ium  el  liylsn!  i :  1 1 .  i  r  ■.- .  It  is  a  syrupy  1  i .  L 1 1 : :  L .  boiling 
at  170°  C.  (348Q  I1'.).      Potassium  d'is-iuives  iti  it,  wiili  evolution  of  hydrogen, 

CEH,OK 
forming  etliyiic.  polasaia-lactatt,    I  .  —  Elhjl-laclk  add,  C,H,(C.H.)0,.H, 

COCjII, 

ia  oiuahicd  as  a  potassium  or  oiilciuui   sali   l)j    (leciili:  posi  n  g-  diethyl:!;  ]  net  ate 

ivii.ii  por.ash  or  tuilk  of  lime.      When  s-eparaied  from  these  Bill  is  l:y  sulphur  U: 

acid,  it  forniB  a  viscif!   liquid,  boiling-  v,  iti,  partial  decomposition  between 

195°  and  198°  C.   (383°-38S°  F.).     Dkthjtie  Unlau,  C.ir,(C2H6)Os.  CaII6,  ia 

prOi'tiCcd    by   Ilic  si.oI.iihi  of  ethyl-iodide  mi    et.hylic  puiasski-lnci nt e. 'or  on 

Sodium  etliyiare.  anil  by  that  of  sodium  crhylutsj  mi  oi  liyl-ciih.iropriijiionate  : 

C-IIjCIO.CjHj       +       CjH.ONa    =    KaCl    +     C3H403 .  (CsII5)a 

Ethyl-chloro-  Sodium  Diethylic 

propionate.  ethylate.  lactate. 

Ne-lJi.jiUrtr.tii:  add.  CjH^'OIIjjO/OH),  and  its  zino  and  silver  salts  have  also 
been  obtained. 

The  alcoholic  hydrogen  of  lactic  acid  may  also  lie.  re;i'aoed  by  acid  radi- 
cals, forming  such  compounds  as  tif-ti.iur.ur.  m-iii,  (.'.dl^iC  .lljOJO,  .  OH. 

Lactvl  Chlobtj.ii,  ("!3n,0(";l.,.  on  Ciiloiioi'iioi'ionyi  Chloride,  CjHjCIO, 
CI.  is  obtniiicd,  together  with  pbosplioi  u^  (jxychlmnde,  by  genlly  iicniing  i: 
mixture  of  calcium  lactate  with  phosphorus  piu.tacbloride  :  also  by  the 
direct,  combination  of  et.lieno  with  carbonyl  chloride.  It  is  a  colorless 
liiiriid,  boiling  above  1 W''.  arid  decomposed  with  water,  fiU'tiiij.g-  hydro- 
chloric  and  chloro propionic  acids. 
C6H10OH 

LeucicAeid,  C„n  O  —    I  .  —  This  acid,  isomeric  with  dielhoxalio 

COOH 
acid,  is  produced  by  ttic  action  of  nitron-  acid  on  leucine  or  nti-.liioei,  preie 
acid  (p.  619).  It  forms  needles  or  nionoc'.inie  prisms,  soluble  in  water,  al- 
cohol, and  ether,  meltins  at  about  73°  C.  (103°  F.),  and  volatilizing  at  100". 
When  heated  for  some  time  sn.  thai,  temperature,  it.  gives  off  water,  and 
leaves  a  syrupy  oxide  or  anhydride.  It.  forms  cry s tall izable  salts  analogous 
to  the  lactates. 


(OH 
Carbonic  Acid,  CH20-  =  C  J  0".  —  This  acid  belongs  to  the  lactic  aeries, 

(oh 

so  far   as  its  constitution  is  concerned,  being-  derived    from  the  unknown 

("OH 
methane  glycol,  CJ  II „  ,  by  substitution  of  0  for  Hs;  but  it  differs  from  all 

Hostco  )yOooglc 
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the  other  acids  of  the  scries  iri  being  bihasic,  both  the  hydroxy!  groups 
coutuinod  in  it  being  immediately  connected  with  :iu  atom  of  oxygen,  so 
that  either  of  the  hydrogen-atoms  iniiy  be  regarded  as  belonging  to  the 
group  COjII. 

Carbonic  acid  itself,  or  hydrogen  carbonate,  is  not  known,  inasmuch  as 
when  a  metallic  carbonate  Is  uecmupuM'.i  by  a  stronger  acid,  the  hydrogen 
carbonate,  CHs0j,  always  .splits  up  inlo  wusov  and  carbon  dioxide,  which 
escapes  as  gas.  The  corresponding  sulphur-compound,  CrI,Ss,  is,  how- 
ever, obtained  as  an  oily  liquid  when  a  metallic  snip  ho -carbonate  is  decom- 
posed by  ao  acid  (p.  203). 

With  the  nlkali-molals  carbonic  arid  ]'i:rt::s  aciil  and  ltin-uial  oi'  neutral 
sitlta,  according  as-  one  or  both  of  the  hydrogen-atoms  are  replaced;   e.g.: 

Acid  sodium  carbonate,         CHNaOs,  or  CO-j  qv 
Normal  sodium  carbonate,       CXiiaOs.     or   Ctl(ONa),. 

With  the  earth-mcials  und  other  dyad  metal?,  cavlionie  acid  forms  only 
normal  salts,  CM"03.  and  basic  salts;  the  so-called  acid  carbonates  of 
barium,  calcium,  So.,  arc  knoiui  only  in  solution,  and  are,  in  fact,  merely 
solutious  of  neutral  carbonates  in  aqueous  carbonic,  acid,  which  give  off 
carbon  dioxide  on  boiling.  The  basic  carbonates  of  dyad  metals  may  be 
viewed  as  compounds  oi  no  final  carle  mutes  with  met  :l  I  lie  oxides  or  hydrates; 
for  example,  slaked  time,  produced  by  exposing  i-iiclilime  to  moist  air,  lias 
the  com  position  of  a  diealeic  carbon  ate,  Ca'-'O .  t.'Ojt.la"  .  Aq. ;  and  native 
green  copper  carbonate,  or  malachite,  consists  of  l.'u"0  .  CO,Cu" ,  Aq. 
Those  basic  carbouaies  may,  however,  be  viewed  in  another  way,  namely, 
as  derived  from  a  ret  ['atomic  curaiinic  acid,  or  dfihi.vurU'/i'.i:  ii'-'h:.  ('II... ti,.  or 
Cf'OM  i,.  analogous  to  niclUauo  ami  carbon  tei  ra  chloride  ;  thus,  dieaieie  our- 
bonate  =  CCa"„0, .  Aq.  ;   malacinte  =  CCu"aO< .  Aq. 

With  metals  of  higher  a:  endeiiy,  carbonic  acid  does  not  form  definite  salts. 

Carbonic  Ethers.  — The  only  carbonic  ethers  known  are  those  in  which 

the  two  liydrogon-ai.oriis  of  carbonic  acid  arc  replaced  either  by  two  equiv- 
alents of  a  monad  alcohol-radical,  or  by  one  equivalent  of  a  monad  alco- 
hol-radical and  one  equivalent  of  a  metal. 

Ethyl  carbonate,  CO^CjH,.),,  is  formed  by  the   action  of  ethyl  iodide  on 

C0,Agj      +      2C,H6T      =      SAgI       -f       COs(CjB5)a; 

also  by  thrt  action  of  potassium  or  sodium  on  ethyl  oxalate,  C20,(C2TT6)s : 
this  reaction  is  not.  quite  understood  :  but  it  amounts  lo  the  removal  of  car- 
bon monoxide,  or  caibotiyl,  CO, -from  die  oxalic  ether.  Fragments  of  po- 
tassium or  sodium  are  dropped  into  oxalic  oilier  as  long  as  gas  is  disen- 
gaged; the  brown  pasty  product  is  then  mixed  with  water  and  distilled. 
The  carbonic  ether  is  found  Sontina  14:011  the  surface  of  the  water  of  the 
receiver  as  a  colorless,  limpid  iienid  of  aromatic  odor  and  burning  taste. 
It.  boils  at  125°  C.  I'l'il"  V. ),  and  is  decomposed  by  an  alcoholic  solution  of 
potash  into  potassium  carbonate  and  alcohol,  liy  chlorine  in  diffused  day- 
light it  is  converted  info  let  raelilorcl.hyl  carbonate,  (!(JS .  (t^lljClj^,  and  in 
sunshine  into  pent.achlorethyl  carbonate,  ('"3:C2tll6)j. 

Elli-t/l-potnsa-hini  ctwl.mwtt:,  f  ;C>.,f  C.,1  !5)K ,  is  produced  by  passing  carbonic 
acid  gas  into  a  cooled  solution  of  pois.ssiuni  hydrate  in  absolute  alcohol ; 

C2H60     +     KHO     +     COa    =     OH,    +     COa .  (C,HS)K. 

:S  Suit,  decomposed  by   water  into    poras-iuin    earbunal  c 
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Ethyl-methyl  carbonate,  (XVOjH,,)' Cll3),  is  obtained  by  distilling  a  mixture 
of  ethyl-potassium  sulpliau:  and  motliy  l-porussiuui  carbonate: 

S01.(C1HB)K    -j-    CO,.(CHa)K    =    SO,Ks    +    C03(CsH5)(CH3). 

Methyl-barium  carbonate,  ((.!(  ).!.,'i'[I3:j[5:l//,  is  obtained  as  a  white  pre- 
cipitate by  passing  curh.-inic  acid  gas  info  it  solution  of  barytain  methyl 
alcohol. 

Carbonates  of  biili/!,  am.'/',  ami  tiHi/l,  aThuosrous  in  composition  to  etliyl 
carbonate,  have  also  liccn  obtained,  i'/u-ni/l  hydrogen  carbonate,  or  wi'ii 
phenyl  cm-Inmate,  00:!(CJ1.)II,  is  IdsTitical  vvil  li  salicylic  acid,  which  "will  be 
described  further  on. 

>.'%?  ortho-carbonate,  ■■  CfOCH/i^,  is  produced  by  hunting  a  mixture  of 
chloropicrin  (iriehluro-iiitrometlLaue;  nit.li  absolute  alcohol  and  sodium: 

C(N0,)C1,    +    4CaH.NaO    =    SNaCl    4-    NOaNa    +    a(OC,H,), 

Cbloropicrin.  Sodium  Sodium  Sodium         Ethyl  ortho- 

ethylate.  chloride.  nitrile.  oarbonate. 

It  is  a  colorless  oil,  boiling  at  158°-159aC.  (iS13°-318DF.).     Heated  with 

boric  oxide  to  ItltP,  it  is  resolved   into  ethyl    auliydroborate    (p.  528),  and 

ordinary  ethyl  carbonate: 

C(OCsIIs)4    +     2B,Oa     =    2B02C2H5 .  B2Oa    +     GO,(G,H()r 

Sulphocaebonic  Ethers. —  These  am  bodies  Imvinp;  the  composition  of 
carbonic  ethers  in  which  the  oxygen  is  replaced,  wholly  or  partly,  by  sul- 
phur.  The  following  tabic  cxiiiliits  their  names  ami  formulae,  the  ethyl 
and  ethene  compouiaiv  beiti™  taken  as  examples: 

Ethyi-ninnosulphocavbonic  acid      . 

Diethylic  monosulphocartaonate      . 

Eihyl-uisittphoearbonic  ov  Xanthic  acid 

Ricihylic  disulpiiocnrbonate 

U tl i yl - l.i- i  ==  ii  1 } j  1 1 'in.- H- i-l.K> 1 1 i e  acid  .  .  .   CS3  .  (Cjlfj). 

Diethylic  trisulphocarbonato  .         .         .  CK3  .  ft '.Jl.-'j^. 

Ethcne  (lisulphociirbonate      ....   COS,,  .  (0!11,)//, 

lllhene  Itisulphci.'arboiiate  ....  CSa  .  (C,H4)". 
The  metallic  salts  of  the  ocitl  ::n!j;koi:arhnrih  ether.'  arc  produced  in  the 
Same  manner  as  those  of  the  carbonic  clhors:  llurs  carbonic  dioxide  unites 
ivit.li  potassium  sulphcihyliite  (uieroapiidc),  to  form  potassium  ethyl-mono- 
aulphoearbonate,  ju.-t  us  ii  unites  with  poiassium  el  li  elate  to  form  the  ethyl- 
oarbonate ;  and,  in  like  manner,  carbon  disutpludc  acts  on  potassium 
othylatc  or  alcoholic  potash,  so  as  to  form  posassinrn  ethyldisulphocarbon- 
ate  ;  and  on  potassium  morcn  pride,  or  an  alcoholic  solution  of  the  sulph- 
hydrate,  so  as  to  I'ovm  ;Jic  euiy'.trisulphecarbonate,  tbusr 

CO„  +  (C2H„)KO  =  C03(C  H6)K      Ethylcarbonate. 

CO.  +   (OJLii;:-  ■:-.■  i.'it.;s.r-.l'i,iK      F/hvlmono-nlohocarhonate. 

OS,  +    i'f!.;n:-,.KO  .■-.  CO^IMIjiK      lllhvlnisnlphncurbonate. 

CS, -f  (C2Hs)JtS   -^  0fv,;iyi5jK       Ethyl  trisulphocarbonate. 
The  neutral  sulph'>e.ar!,'.-nh-  ilher::  (coma-nit:;.'  moTia'omic   ulcoliol-railioals; 
are  produoed  by  tins  aciion  (if  Lite  chlorides,  bnjiniilcs.  So.  of  alcohol-radi- 
cals on  the  metiillio  suits  of  the  correspond ing  aci;l  etlicrs,  e.g. ; 
(C5H5)KCSj    +     C2HSC1    =     KC1    4-     (CiHs)aCS„ 
PotBHsio  ethyl-  Ethylio  triaul- 

trisulplui  carbonate.  phocarbonate. 
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The  sulphocarbonio  ichors  of  diatomic  alcohol-  riidioa.'.s  are  formed  by  the 
action  of  diatomic  alooliolio  bromides,  ioJiilun,  &c.,  on  so  ilium  sulphocar- 
bonate,  e.  g. : 

C-H.Br.    +     CSsNa,    =    2NaEr    +     CS,(C2HJ" 
Et.hene  Etliene  tri- 

br  oroide.  sulphocsibonatc. 

The  neutral  snlphocarbonie  ethers  arc  oily  liquids  ;  so  likewise  are  the 
acid  ethers,  such  at-  least  as  are  known  in  (lie  tree  state,  or  as  hydrogen- 
salts;  their  me) nil  it  suits  are.  mostly  crystalline.  Tin;  best,  known  of  these 
compounds,  are  the  rtli'iliiUitlp'iurjirbriiMiri;  or  janthates. 

To  prepare  ximUite  m'M,  alcohol  ui"  0'CI.X)  sp.  lit.  is  saturated,  whilst  boil- 
in  i»,  with  potash,  and  tnio  this  solution  curbou  bisulphide  is  dropped  till  it 
ceases  to  be  dissolved,  or  until  tin:  liquid  loses  its  alkalinity.  On  cooling 
oho  whole  to  —18°  C.  (0°  P.),  the  potn.ssium-salt.  separates  "in  the  form  of 
brilliant,  slender,  coloring  prisms,  which  must  be  quickly  pressed  between 
folds  of  bibulous  parier,  and  dried  in  a  vacuum.  It  is  freely  soluble  in 
water  and  alcohol,  but  insoluble  in  other,  and  is  gradually  destroyed  by 
exposure  to  air,  by  oxidation  of  part  of  the  sulphur.  X:u.itliic  acid  may  be 
prepared  by  decomposing  ibis  suit,  with  dilute  sulphuric  or  hydrochloric 
acid.  It  ia  a  colorless,  oily  liquid,  heavier  than  water,  of  powerful  and 
peculiar  odor,  and  very  combustible ;  it  reddens  litmus-paper,  and  ulti- 
mately bleaches  it.  Exposed  to  gentle  heat,  (about  34°  C.  [75°  I'.]),  it  is 
decomposed  into  alcohol  ami  carbon  bisulphide..  Exposed  to  the  air,  or 
kept  beneath  tho  surface  of  water  open  lo  ihc  stir,  it  becomes  covered  with 
a  whitish  crust,  and  is  gradually  destroyed.  '  The  xaiuhal-eB  of  tho  alkali- 
metals  and  of  barium  tire  colorless  and  cryslalii'.able;  the  calcium-salt 
dries  up  to  a  gummy  mass:  the  xautluites  of  zinc,  lend,  and  mercury  are 
white,  and  but  slightly  soluble:  that  of  cupper  is  a  llocculent,  insoluble 
substance,  of  beautiful  yellow  color. 

Ethylic  dis.utphocarboaau  or  Xanthic  r.tlin;  COS, .  {C.H.j,.  obtained  by  the 
action  of  ethyl  chloride  on  potassium  x-ii.n1  base,  is  a  pale-yelluw  oil,  boiling 
at  200°  C.  (392°  F.I,  insoluble  in  v.aier,  soluble  in  all  proportions  of  alcohol 
or  ether.  Ammonia- gas  passed  into  :i  -:  alcoholic  so  lot  ion  forms  niereaptan 
and  a  crystalline  substance  called  xanthomide : 

COS,(C,H,),    +     NH3    =     C,H,(SH)     +    COS(0,H5)NH5 
Xanthic  ether.  Maroaptau.  Xanthamide. 

Amyl-disulplnKia-li'mak;  COSKUin'j.,,  Iroaiod  in  like  manner,  yields  xan- 
(i:iiii>#l:tiii,\te,  GOti(Cr,ll„)NH2. 


2.— Pyruvic  Series,  CnHm_jOa. 
This  is  a  small  group  of  acids,  including  — 

Pyruvic  acid,  C3H,03  I  Jnlapinoleie  aeid,  C^.II^O.? 

Convolvulinolcie  acid,  Ol3ir,.,(>,?  j  liieinoleie  acid,  C,31I:!,0;;. " 
Olyosylic  acid,  a  product,  of  the  osidation  of  alcohol,  glycol,  and  glyoxal, 
is  sometimes  said  to  have  the  composition  t'.,lf,0, :    but.  it.  is  more  probably 
CjH40(,  and  belongs  to  another  series,  as  wii;  be  explained  hereafter. 

led  Pyroraceniie  add,  is  produced  by  dry 

.■aceiuto  or  tartaric  acid: 
CJTeOe    =    C3H4Oa     +     COj    +     OH2. 
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II  is  a  liquid,  boilitijr,  ""ill:  partial  deccn'Osisiati,  ut.  about  His')0  C.  (i!i!fl°  F.). 
Treated  with  sodium  ai:i;i  learn,  or  1 1  y ■  i  1 ' i ' i : i i {-  acid,  it  takes  up  two  atoms  of 
hydrogen,  and  is  converted  into  lactic  acid,  lyW  or  ii'  the  reagent  is 
used  in  large  excess,  into  propionic  acid.  ( ',ire<Ja.  It  also  unites  directly 
with  bromine,  fiirmin;:  tin;  acid,  (-..I  [,lh-2<  i. ..  probably  uibroniol actio  acid. 
lis  sails  cryttal!;/.c  readily. 

Convolvulinoleie  L&&  and  Jalapinoleic  Acid,  arc  produced  by  tlie  action 
of  acids  or  alkalies  from  rirsain  vesinoua  ;;iu  copies  contained  in  the  root 
of  tuberose  or  niTicinal  jalap  {Com-<il.vu!\is  S.chkdtmin.),  and  of  Convolvulus 
(or  Jjitrmaui)  oriaahmzix,  the   ja.iap-slaiUs  or  jalap-wood   of  commeroe ;   but 

tiieir  i'lirTimlLC  have  not  been  exactly  determined. 

Bicinoleic  Acid,  C,BHslOB,  is  a  yellow  oily  acid,  produced  by  the  saponifi- 
cation of  castor-oil.  M  te  mpcrii  litres  between—  G°  and  —7°  C°  (19°-21°F.), 
it  solidifies  to  a  granular  muss.  The  neutral  lie  indicates,  of  the  alkali -metals 
when  distilled  alone  yield  a  distillate  of  nsnanthol;  but  when  distilled  writh 
excess  of  caustic  alkali,  they  a;i\c  off  itydi-nfreti,  and  yield  a  distillate  of 
OCtyl  alcohol,  C6H]S0,  and  a  residue  of  alkaline  seba'.e,  t.j0ll,6K2Oj  (p.  541). 


B.—  Series  C Jl^O ,. 

The  only  known   acid    of  rliis  scries   is  tp.iai.aci 

crystnlli/alilp  substance  contained  i.n  jiuaiacum,  a 

KM  officinal*:,  il  I  vc.e.  growing  in  Jamaica.  I*  suiu\mes  in  needles  resem- 
bling benzoic  acid,  and  is  resolved  by  dry  distillation  into  carbon  dioxide 
and  guaiaccne,  CsIIaO. 


4.— Series  C.IV^O,. 
This  series  includes  (he  following  acids,  related  lo  the  aromatic  acids  in 
the  same  manner  as  the  lactic  acids  arc  rehtied  to  the  fatty  acids  : 
Oxybeiiioic.  Puiai-oxybeuioic,  anil   Salicylic  acids    .  .  C,HsO, 

i'c-rmobcnioic.  Orcosotic.  IJarbocrcSYbe,  ana  Anisic  acids  CaH9Os 

Phloretic  acid CBH,„Oa 

Thymoticand  Thjmyl-oarbonia  acids        ....  C„HItO, 

Oxybenzoic  Acid,  C7H„03,  or  CaH.(OH) .  COaH,  is  produced  by  the  action 


Oxybenzoic  acid  is  only  slijjhlly  soluble  in  cold  water  or  alcohol,  but  dis- 
solves easily  in  cither  of  these  liquids  at  the  boiling  heat,  and  separates 
as  a  crystalline  powder  on  cooling.  At.  higher  temperatures  it  melts  and 
sublimes  without  decemposii  ion,  a.  character  by  which  it  is  distinguished 
from  its  two  isomers.  With  strong  nitric  acid  it.  forms  nitro-oxy benzoic 
acid,  C,H.(NO;)03.  wliich  is  converted  bv  ammonium  sulphide  into  amid- 
oxybenzoic  acid,  C,IIs(NH,)Oa. 

Para -oxybenzoic   Acid  is   proaucei!    by  hcasinc.   anisic  acid  to  125°-130° 
with  strong  Uydriodic  acid: 

CsH903        -f        HI        =         CH„I        +        C,H6Os. 

Huston  byOOOQlC 


SALICYLIC    ACID.  bod 

It,  is  more  soluble  in  colli  water  than  uwbcu/ide  acid,  dissolving;  in  128 
parts  of  water  at  15°:  from  a  hot.  solution  it.  crystallizes  in  small  distinct 
roonoclinic  prisms.  It  molts  with  partial  decomposition  at  210°  C. 
(410°  F.),  and  jB  easily  resolved  ut  liigher  leniperalun-s  into  carbon  di- 
oxide and  phenol: 

C,H80,  =  CO,  +  C,H,0. 
[IS  solution  forms,  with  ferric  ellIori.de,  a  yellow  precipitate  in h ■ -In l>-1  ■.■  in 
excess,  without  violent,  coUifiitiou.  Those  characters  distinguish  it  from 
oxybenzoie  acid.  With  most  metals  it-  reacts  like  a  monobasic-  acid,  its 
potassium-salt  eouUtia'.ii;:  (,.'..! !,ji')ii!\,  ■ :'. n- 1  its  cadmium-salt  (C,Hs03)2Cd" ; 
but  it  appears  also,  like  salic,  .ie  acid,  in  fanu  a  barium-salt  containing 
C,H4Ba"0,. 

Salioylic  Acid    is  produced:   1.   By  passing    cavhioi   dioxide   into  phenol 
containing  small  pieces  of  sodium : 

NaOC6Hs        +        COa        =        (CO)"  {  gjjjp* 
Sodium  phenate.  Sodium  salicylate. 


salicylate. 

3.  Coumaric  acid,  healed  with  polastinm  hydrate,  yields  potassium  sali- 
cylate and  acetate : 

C„HsOa     -f     2KOH    =     C,H60„K    +     C2H30SK    +     H, 

4.  Oil  of  wiutergrven  (Gtntklieri.i  pn>r.ii.i,i/in<.i),  which  consists  of  methyl- 
salicylic  acid,  is  resolved,  by  distilliitioii  with  poia.sh,  into  methyl  alcohol 
and  Milioylic  acid: 

C,Hj(CH,)0,    +     KOH    =    CHs(OH)    -|-     C,HEKOa. 

Salicylic  acid  crystallines  fro m  its  alcoholic  sol m  io:i  by  spontaneous  eva- 
poration in  large  nusiiocJiiiio  prisms.  Ii  requires  about  10U0  parts  of  cold 
water  to  dissolve  it.,  but  is  inucli  move  soluble  in  hot.  water  and  in  alcohol. 
Its  aqueous  solution  imparts  a  deep  violet  color  to  feme  salts.  It  melts  at 
130°  C.  (266°  F.j,  gives  off  phenol  at  a.  higlior  temperature,  and  when 
heated  with  pounded  glass  or  tjuieliiimc.  is  couipleicly  resolved  into  carbon 
dioxide  and  phenol.  It.  is  dL-d.iiigu;shc:l  i'vom  both  its  isomers  by  its  beha- 
vior with  ferric  salts,  its  very  slight,  solubility  in  water,  and  its  lower 
melting  point:  it,  dj flora  from  oxybcu/oii:  acid  by  its  behavior  when 
heated. 

In  its  relations  io  metals,  salicylic  acid  appears  to  lie  intermediate  be- 
tween monobasic  and  bibasic  acids.  Willi  r.iio  alkali-metals  and  silver,  it 
forms  only  acid  suits  like  C7ll5KO,;   bat   with   dyiul  metals  it   forms  both 

acid  and  neutral  sails  ;  wjih  r.-.\  lei ,  ['nr  c.vamplc.  the  two  salts,  C,H4Ca"Oa 

and  C„Hl0Ca"O6,  or  !CjlfB03)jCa".  Tins  neutral  salts  are,  however,  much 
less  eaaily  formed  than  the  aoid  salts,  being  produced  only  in  presence  of 
a  largo  excess  of  base,  lis  fovina.i.iou  (Votn  carbon  dioxide  and  phenol 
seems  to  show  that  i!    may   be  regarded   as   aoid    phenyl  carbonate,  (CO)" 

iOGaU5)(OH);  and  in  the  neutral  sali03-lat.es  of  bivalent  metals,  such  as 
1,11^'VO;,,  the  nietai  appears  to  replace  one  atom,  of  hydrogen  from  the 
group  OH,  and  another  from  the  group  OC0rIs* 

*  «)*»,  Ann.  till.  Pliiirm.  idii.  '1*31. 
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654  DIATOMIC    AND    KOKORA31C    ACTTtS,  CDIT-i,_BOs. 

Salicylic  acid  forms  both  acid  and  neutral  ethers.  Oil  of  wintergreen, 
as  already  observed,  consisls  of  molhyl-siilicylio  acid,  0,Il5(CIi3)0,  A 
similar  compound,  containing  ethyl,  is  obtaini-d  b_i  distilling  crystallised 
salicylic  acid  with  aleoho!  mid  sulphuric-  acid  Thru,  compounds  are  mono- 
basic acids,  the  basii;  hydrogen  of  which  may  ho  replaced  hy  metals  or  by 
alcoholic-radicals,  forming  neutral  salicvlio  eihrrs,  such  as  CjHjICH^jO.,, 
C,H1(CHs)(C.iH5)03,  &c.  There  is  also  an  ethane-salicylic  acid,  CjJl.j 
(C,ll4)"O0,  consisting  of  a  double  moleoub;  of  salici  lie  acid  with  two  hy- 
drogen-atoms replaced  by  etbenc  ;  it  is  produced  by  heating  ethene-brotnido 
ivitli  silver  salicylate. 

Carbocresylio  and  Cresotic  Acids,*  CaHflOa,  —  The  sodium-salts  of  these 
acids  are  formed  si:;;ui-.auetarsH-  tiv-  the  aoiion  of  cnrluin  dioxide  and  sodi- 
um on  cresol,  C,H60.  On  treating  the  product  with  hydrochloric  acid,  the 
carbocresylio  acid  is  resolved  info  curl  ionic  dimidc  mil  cresol,  while  the  cre- 
sotic acid  remains  undecninposcd,  nnd  may  be  washed  out  with  ammonium 
carbonate;  the  solution,  mi  evaporation,  yielding  ihe  orosotic  acid  in  fine 
large  prisms  which  melt  at  liiiF  C.  (SOT"  r'.'i,  are  slightly  soluble  in  water, 
easily  in  alcohol  and  ether.  It  forms  a  deep  violet  color  with  ferric  chlo- 
ride. "When  heated  with  ca.usie  baryta,  it  is  rosolvod  into  carbon  dioxide 
and  cresol.  With  regard  to  their  comparative  fueilily  of  decomposition, 
earbocresylic  and  ercsuiie  acids  appi-ar  to  be  relate;!  to  one  another,  in  the 
same  manner  as  salicylic  and  oxybcuzoic  acids. 

Formobenzoic  Acid,  C„HeOs,  is  produced  by  evaporating  crude  bitter- 
almond  oil  to  dryness  ivli  it  hydrochloric  acid,  and  exhausting  the  residue 
with  ether,  which  leaves  sal-ammoniac  undissolved.  It  contains  the  ele- 
ments of  benzoic  acid,  <',h!„0„,  and  formic  ucid,  ld-1,0,,,  minus  an  atom  of 
oiygen;  and  its  formation  appears  lo  be  duo  to  ihe  action  of  the  hydro- 
chloric acid  on  the  hydrocyanic  acid  of  the  crude  hitler-almond  oil, where- 
by that  acid  is  resolved  into  ammonia  and  formic  acid.  I'ormohetiKoic  acid 
forms  white  crystals  soluble  in  nalor.  It  is  resolved  by  oxidizing  agents 
into  bitter-almond  oil  tC,II.O),  and  carbon  dioxide. 

Anisic  Acid,  CeHB0.„  or  Meshyl-puruoxybenu-.k  acid.  C.ns(CrI3)Os.  —  This 
acid  is  produced  by  oxidalion  of  anisic  aldehyde,  (',! [H(J.„  in  contaot  with 
platinum  black,  or  by  treatment  with  dilute  nitric  acid  : ali-ong  nitric  acid 
would  convert  it  into  nil.ranisio  acid; ;  also  by  dropping  anisic  aldehyde 
into  fused  potash: 

CsHaOa        +        KOH         =         C8H,KOs        +         H2. 
It  is  usually  prepared  by  oxidizing    anise  camphor,  O,,,!!,./),  or  the  crude 
oils  of  anise,  fennel,  and  tarragon,  which  eotiluin  that   compound  in  solu- 
tion, with  nitric  aoid.     Anisic  aldehyde  is  first  produced,  according  to  the 
equation : 

C,oHun      +      06    =    C8HeOs     +      CjH-O,      +      OH„ 
Anise-  Anisic  Oxalic 

camphor.  aldehyde.  acid. 

and  subsequently  oxidized  lo  anisic  acid.  If  may  also  be  produced  syn- 
thetically by  treating  potassium  para-oxybennoutc  ivil.li  methyl  iodide, 
whereby  the  methylic  ether  of  methyl- para  oxyben/.oic  acid  is  produced: 

0,0,5,0,       +       2CHSI    =    2KI       +       C,HtfCH,)O..CHa 
Potassium  Me  thy  lie 

para-oxybenzoate.  methyl- para  oxybenzoate. 


PHLORETIO —  THYMOTIC--COUSIAEIC    ACIDS. 

And  boiling  this  compound  with  potash; 
C,H,(CH9)03-CH3     -f     OH, 
Meihylie  methyl- 

paraoxybenioate.  alcohol.  oenzoic  acm. 

Ethyl-parabenioic,  acid,  C.,HE(C,,H6)03,  may  be  produced  in  a  precisely 

Anisic  acid  crystallizes  in  brilliant  colorless  prisms  ij]clt.Lii.a:  :ii  17-iJ3  C 
i',\l~"  l-'.j,  moderately  soluble  in  hot  imu'i',  easily  in  alcohol  ;mil  ether,  it 
yields  suhstilut.ion  peoducis  wiih  chlorine,  bromine,  mid  nitric  acid.  By 
disl  illation  with  lime  or  baryta  it  is  resolved  in  carbon  dioxide  and  ani- 
aol  or  methyl -phenol  (p.  651) : 

CeH803  =  CO,         +  C,HaO,. 

Anisic  acid  is  monobasic,  anil  most  of  its  sails  are  c  ry  stall  iz  able. 

Fhloretie  Acid,  C0irjuOa.  is  produced,  I  needier  wiih  phlorogluein,  by  the 
aciion  (it'  potash  ou  ji ii  lore !.i!i,  :i  subs',  msec  voi-iL!tL!j<;  from  I  he  action  of  di- 
lute acids  on  phlorizin  (p.  581) : 

0r|H„O,        +'      OH,        =        C9II,„0s        +         C.HgO, 
Ph  lore  tin.  PhloreUc  Phlovo- 

aeid.  gluein. 

It  forms  prismatic   crystals  melting   at    about  1^0°  (',.  (2(14°  IV),  somewhat 
less  soluble  in  water  than   in  alcohol  ;    produces    a  preen  color  with   ferrio 
chloride.      "When  heated  with  lime  or  baryin.  if  is  resolved  into  carbon  di- 
oside and  phlorol,  (J^H ,,,(),  which  passes  over  as  a  brown  oily  distillate  : 
csHio°a         +        Ba0        =         COaBa        +        C8HmO. 
Phloreiie  acid  is  bihnsio,  foi'mini;  acid  and  neutral  salts. 
Another  aeid  contain  i'rj;  '■■.M,P:s  is  I'lirrned  by  the  aciioti  of  potash  on  the 
cyano-hydrato  or  cyaiihyilrin  of  anisic  alcohol,  CaH,uOs: 

CsHs(CN){OIt)         +        20Hj        =        NH3        +        C0iT]0O3 

Anisic  Acid. 

oyanhydrin. 
Thymotic  and  Thymyl-carbonic  Acids,  CuIT^Oj.  —  These  isomeric  acids 
are  produced  siiuultanoou^y  by  iiie  action  of  sodium  and  carbun  dioxide 
on  thy mol,C,0H  1,(1  ('[>.  Sol) ;  and  arc  separated  in  i  lie  name  manner  as  the 
homologous  compounds,  crcsyl-earbonic  and  cresoilo  acids.  Thymotic  aeid 
is  a  crystalline  body,  mulling  at  VHP,  nearly  insoluble  in  cold,  slightly 
soluble  in  boiling  waier ;  ii.  produces  a  line  blue  color  with  ferric  chloride. 
Heated  with  baryta,  it  is  resolved  into  carbon  dioxide  and  thymol. 


-Series  CnH!n_]gOs. 


Coumaric  Acid,  (..'JUV  t/;e  oi.lv  known  acid  of  Ibis  scries,  is  produced 
by  the  action  of  boiling  polash  .soliirion  oil  coiimarin,  0,11(0.,.  the  odorifer- 
ous principle  of  (.In;  'I'ou ha  bean.  Ii.  urvsl a  Hues  in  lamina:,  liavine:  a  bii  tor 
ta-lc.  liable  in  wal cr,  alcohol,  and  ei.ber,  niellitui  at.  1.00s  0.  (b'74°  .['.). 
Fused  iviih  |iulash.  il  gives  off  hydrogen,  ami  yield's  potassium  -idUvluie 
and  apparently  also  acetate: 

C8lisOs     -j-     2KOH     =    C,1TBK03     +     C2HsKOa    -f     II2. 
It  is  monobasic,  ana  decomposer  carbonates. 

There  are  no  known  acids  belonging  u  die  suit-  ii„ll.,„_1!03andCaIT2n_!1Oa. 


DIATOMIC    AND    BIB  A  SIC 


-Series  CnHsn_KOs. 


Benzilio  Acid,  C^II,./',.  —  Tiiin  neid  is  produced  by  the  tuition  of  alcohol ic 

potash  cm  benzoin,  t'.jll  ^0,,  .1  polymeric  ntoiiilicm.ion  i..i'  bensoie  aldehyde, 
C,ll60j,  which  remain.1!  in  the  retort  ivlien  the  crude  oil  is  distilled  with 
lime  or  iron-oxide  to  free  it  from  hydrocyanic  acid  ;  or  on  benxile,  C|(H10Oa, 
a  crystalline  substance  i'onned  I'roni  boiiKoin  by  the  action  of  chlorine.  On 
saturating  the  alkaline  solution  nilh  hydrochloric  acid,  and  leaving  the 
filtered  liquid  to  cool,  hcnzilio  acid  separates  in  small  colorless  transparent 
crystals,  slightly  soluble  in  cold,  more  soluble  in  boiling  water;  it  melts 
lit  120°  C.  (248°  F.),  and  cannot  be  volatilized  without  decomposition.  It 
dissolves  in  cold  strong  sul|.iburic  aL-i.:L  with  line  carmine  color. 


These  acids  contain  i.lie  group  oxntyl,  CO.,11,  twice,  and  must  therefore 
contain  four  atoms  of  oxygen.  They  may  all  be  included  in  the  general 
formula,  B"(C02Uj.,, — R  denoting  a  diatomic  hydrocarbon-radical,  —  or 
they  may  be  regarded  as  compounds  of  oxygenated  radicals  with  two  equi- 
valents of  hydroxyl,  c.  </.,  succinic  acid  =  K'.|U40.,j"  (OH),. 

They  are  produced;  —  1.  By  oxidation  of  the  corresponding  glycols, 
E"(CHsOH}j,  the  change  consist  in-  in  t.l.o  subsi.iiui.iiin  of  O,  for  H,  (p.  557). 
In  this  manner  oxalic  acid.  t',i[.;04,  is  formed  from  eiheue  alcohol,  C2HaOs, 
and  malonie  acid,  t'.]lla01,  from  propone  alcohol,  t'3llB0., ;  lint  the  higher 
glycols  split  lip  under  the  influence  of  oxidizing  agents,  and  do  not  yield 
bibasic  acids  containing  Hie  same  number  of  carbnii-aloms  as  themselves, 

2.  By  boiling  the  cyanides  of  diatomic  alcohol-radicals  with  alcoholic 
potash  ;  e.  g. : 

<C3H6)"(CN),  '+    2KOH    +  20Ha  =  2NH3    +    (C3HB)"(COsK)2 

'    l'vopene  Potassium 

cyanide.  pyro  tartrate. 

This  reaction  is  analogous  to  that,  by  which  the  fatly  acids  arc  formed 
from  the  cyanides  of  I  ho  monad, mio  alcohol-radicals,  t'„H,u+]  (p.  599), 

3.  By  the  addition  of  hydrogen  to  oilier  acids  remaining  a  smaller  pro- 
portion of  that  olemcul  :  in  this  manner  succinic  acid,  (.^rLjO,,  is  formed 
from  fnmaric  acid,  C,rl404. 

i.   By  the  action  of  a e:ii.  on  nobis  of  more  complicated 


-<\^-,!\ 


5,  Many  of  iheso  acids  are  produced  by  the  aclioll  ol'  powerful  oxidizers, 
on  a  variety  of  organic  bodies:  (litis,  succinic  acid,  C4ll,j04,  and  its  homo- 
logues,  are  produced  by  treating   various  fatly   and    resinous  bodies  with 

The  known  acids  of  this  group  belong  io  the  scries  Cr.IL^_504,  CnHto^04, 
CnHsu_s04,  and  C„ll „„...!. ,0,  The  acids  of  (.he  first  series,  and  probably  also 
those  of  the  third  and  fourth,  tiro  saturated  compounds  ;  but  those  of  the 
second  are  unsaturated,  being  en  pablc  of  I  tilting  up  two  atoms  of  hydrogen, 
bromine,  and  other  monad  elements,  whereby  t.licy  are  converted  into  acids 
of  the  first  series. 
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OXALIC   ACID. 


1.  —  Oxalic  or  Succinic  Series,  CnHSn_jO(. 
Tlie  known  acids  of  this  series  are: 

Oxalic  acid        .  .      CaHjOt  Fimelic  acid    .  .      C7H,,04 

Malonic  acid      .  .      C-,11,0,  Suberic  acid    .  .      08(1]404 

Succinic  acid     .  ,      C,!!^!,  Anchoic  acid  .  .     C3H]0O4 

fvroiartaric  acid       .      CU1H04  Sebio  add        .  .      CJI^O, 

A.dipio  acid       .         .     Cell,„04         Koccellic  aeid  .     C1THajO, 

COOH 
Oxalic  Acid,  C.H.O,  =   I  =  (C,0,)"(OH),.-TMs  important,  acid 

COOH 
exists  ready  formed  in  many  plants  as  s  potassium  or  calcium-salt,  and  is 
produced  by  the  oxidation  of  a  great  variety  of  organic  compounds.  In 
Bouio  cases  the  reaction  consists  in  a.  definite  substitution  of  oxygon  for  by, 
drogen;  thus  oxalic  acid  is  formed  from  et.hem;  ale, .hoi,  C.^HjOj,  by  sub- 
stitution of  Os  for  H4,  and  from  elliyl  alcohol,  C,11„0,  by  the  same  substitu- 
tion and  further  addition  of  one  atom  of  oxygen,  lint  in  most  cases  the 
reaction  is  more  complex,  consist  ins  in  a  eOriipleio.  breaking  up  of  the  mole- 
cule. In  tliis  manupr  oxalic-  acid  is  produced  in  great  abundance  flora 
more  highly  carbonized  organic  substances,  si.teli  as  sugar,  starch,  cellulose, 
Sc,  by  the  action  of  nitric  acid,  or  by  fusion  with  can-tic  alkalies. 

Oxalic  acid  is  also  produced ;  a.  As  a  sodium  or  potassium-salt  by  direct 
combination  of  the  aikjiii-metai  with  carbon  dioxide: 

2COj        +        Nas        =        C,04Nar 
The  sodium-salt  is  ob rained   by  passing  the  enrbon  dioxide  over  a  heated 
mixture  of  sodium    and  sand;    the   potassium-salt,  by   heating   potassium 
amalgam  in  the  gas.* 

g.  As  an  ammonium-salt,  together  with  other  products,  in  the  decompo- 
sition .ii'  cyanogen  by  water: 

C3NS        +        40H,        =        C2fNH,),04. 
y.   As  a  potassium-sab.  by  heating  nofassiuni  formate  v.-iih  excess  of  pot- 

2CHKO,        =        Cfi-Pi        +        Hr 

Preparation. — 1.    By  i.lte  oxidation  of  sugar  with  nitric  acid: 

CuH»On        +         °ja        =        ^UiOi        -f        50H, 

One  part  of  sugar  is  gently  healed  in  a  retort  with  .">  parts  of  nitric  aeid 
of  sp.  gr.  1'42,  diluied  with  twice  its  weight,  of  water;  copious  red  fumes 
are  then  disengaged,  and  the  oxidiil.ion  of  Ihc  sugar  proceeds  with  violence 
and  rapidity.  When  the  action  slackens,  lieal  may  lie  again  applied  to  the 
vessel,  and  the  liquid  concentrated,  by  distilling  oil'  (lie  superfluous  nitric 
acid,  until  it  deposits  crystals  oil  co tiling.  These  are  drained,  redissolved 
in  a  small  quantify  of  hot  water,  and  the  solution  is  set  aside  to  cool 

2.   liy  heating  sawdust  with  caustic  alkali. 

Many  years  ago,  Iray-r.nssno  observed  that  wood  and  several  other  or- 
ganic substances  were  converted  into  oxalic  acid  by  fusion  with  caustic 
potash.  Messrs.  Iloberts.  lla.Se  k  Go.  have  lately  founded  upon  this  obser- 
vation a  new  method  for  I  lie  preparation  of  oxalic  acid,  which,  furnishes 
this  aeid  mach  cheaper  ihan  :my  other  process.  A  mixed  solution  of  the 
hydrates  of  sodium  and  potassium  in  the  proportion  of  two  equivalents  of 
the  former  to  one  of  iiio  latter,  is  evaporated  lo  about.  1 -W  sp.  gr.  and  then 
mixed  with  sawdust,  so  as  to  form  a  thick  paste,  which  is  placed  in  thin 
*  KM*  and  Dnchsd,  Cham.  Soc.  Journal  [3J,  -i.  1*1. 
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layers  on  iron  plates.  The  mixture  is  now  gradually  heated,  care  being 
taken  to  keep  il  con-hmtly  stirred.  The  action  of  hear.  i.-jt [)i'1m  a  quantity 
of  water,  and  the  mass  iiiiiimosocs.  strongly,  v.iili  disengagement,  ol'  imicli 

inila; .i.oio  ga-,  ouiisjsting  ul  Ir.drogen  am!   oarbouolr.cd    hydrogen.      The 

mixture  is  now  kept,  for  some  hours  at  a  temperature  of  204°  C.  (400°  F.V 
care  being  taken  to  avoid  charring,  which  would  cause  a  loss  of  oxalic 
acid.  The  product  thus  u ;  .t ::  i  rj  ■  ■  1 1  is  n  gvnj  powder;  il  is  now  treated  ivitb 
water  at  about  15-0°  C.  (b'lP  F.),  which  leaves  the  sodium  oxalate  undis- 
solved. The  supernatant  liquid  is  dcawnoll',  evaporated  to  dryness,  and 
heated  in  furnaces  to  recover  the  alkalies,  which  arc  caustified  and  used 
for  a  new  operation.  The  sodium  oxalate  is  washed  and  decomposed  by 
boiling  with  slaked  lime,  and  i  ho  result  ing  calcium  oxalate  is  again  decom- 
posed by  means  of  sulphuric  acid,  The  liquid  decanted  from  the  calcium 
sulphate  is  evaporated  io  crysl  alligation  in  leaden  vessels,  and  the  crystals 
are  purified  by  re -crystallization. 

Oxalic  acid  se[.iamfes  from  a  hot  solution  in  colorless,  transparent  crys- 
t:i'.«  derived  from  no  oblique  rhombic  prism,  and  coosiaiini;-  of  ('„iJ.;<\. 
201Ia.-  The  two  moleculrs  of  crystalli/mion-water  may  be  expelled  by  a 
very  gentle  heat,  the  crystals  crumbling  down  lo  a  soil  white  powder,  con- 
sisting of  anhydrous  oxalic  acid,  0 ,)]/).,.  which  may  be  sublimed  in  great 
measure  without  decomposition.  The  crysiallized  aoid,  on  the  contrary,'  is 
decomposed  by  a  high  temperature  into  formic  acid,  carbon  monoxide  and 
carbon  dioxide-,  without  leaving  any  solid  residue: 

2C2II20,     =     CH.O,    +     CO    +     2COj    +     OIIj. 

The  crystals  of  oxalic  acid  dissolve  in  8  parts  of  water  at  15-5°,  and  in 
their  own  weight,  or  less,  of  hot  water:  they  are  also  soluble  in  spirit. 
The  aqueous  solution  has  an  intensely  sour  taste  and  most  powerful  acid 
reaction,  and  is  highly  poisonous.  The  proper  antidote  is  chalk  or  magne- 
sia. Oxalic  acid  is  decomposed  by  hot  oil  of  vitriol  i"1"  a  mixture  of  car- 
bon monoxide  and  carbon  dioxide:  it,  is  slowly  converted  into  carbonic 
acid  By  nitric  acid,  whence  arises  a  considerable  loss  in  the  process  of 
manufacture  from  sugar.  The  dioxides  of  lead  and  manganese  effect  the 
same  change,  becoming  reduced  to  monoxides,  which  form  salts  with  the 
unaltered  acid. 

Oxalates. — Oxalic  acid,  like  other  bibasic  acids,  forms  ■.villi  inonatomic 
metals,  neutral  or  normal  sails  containing  (V,iMaO,.  and  acid  salts,  CjHM04. 
With  potassium  and  ammonium  it.  likewise  forms  livperaeid  sabs,  c.  </., 
CjIIKOj.  C3HB0,,  or  C4llsK0a.  Willi  mo.-l  diatomic  metals  it  forms  only 
neutral  salts,  CaM//i)J;  with  baritmi  and  strouiiiuo,  however,  it  forms  acid 
salts  analogous  to  the  hyper- acid  oxalales  of  the  nlkali-metals.  It  also 
forms  numerous  wc.ll-ervsial-i/.ed  dot.ilde  salts.  II  is  one  of  the  strongest 
acids,  decomposing  dry  soilium  chloride  when  heated,  with  evolution  of 
hydrochloric  acid,  and  converting  sodium  chloride  or  nil-rate  in  aqueous 
solution  into  acid  oxalate. 

The  oxalates  of  the  alkali-metals  are  soluble  in  water:  the  rest  are  for 
the  most   pari  insoluble  in  water,  but.  soluble  in  dilute  acids. 

All  oxalates  are  decomposed  by  heat.  The  oxalates  of  the  alkali -metals, 
and  also  of  the  alkaline  enrtli-metals,  if  not.  too  strongly  heated,  give  off 
carbon  monoxide  and  Leave  onrhomites.  while  the  oxalates  of  those  metals 
whose  carbonates  arc  doeomimsed  by  heal,  f/ino  and  nuiguesium,  for  ex- 
ample) give  off  carbon  monoxide  and  carbon  dioxide,  and  leave  metallic 
oxides.  The  oxalates  of  the  more  easilv  reducible  metals  (silver,  copper, 
&e.)  give  off  carbon  dioxide  and  lea.ve  the  metal  ;  the  lead-salt  leaves  sub- 
oxide' Of  lead,  and  gives  off  3  volumes  ol'  carbon  dioxide  to  I  volume  of  car- 
bon monoxide: 

2C2Pb,04    =    PbsO    +    8CO,    +    CO. 
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Oxalates  heated  with  wtphurin  arid  give  nil'  carbon  monoxide  and  dioxide, 
and  leave  a  residue  of  sulphate.  In  tliis  cn.se,  as  we!!  as  in  the  decompo- 
sition by  heat  alone,  nn  separtuiou  of  carbon  lake?  place,  and  consequently 
the  residue  docs  no;  blacken:  this  character  distinguishes  the  oxalates 
from  the  sabs  of  all  other  carbon  aeids. 

Oxalic  acid  arid  (be  soluble  oxalates  give  with  citdinr,  chloride,  a  precipi- 
tate of  calcium  oxalate,  insoluble  in  water  and  in  acetic  acid,  but  soluble 
in  hydrochloric  and  niirie  aeid.  This  reaction  atlords  a  very  delicate  test 
for  tlie  presence  of  exalte  acid :  the  insolubility,  of  the  precipitated  oxalate 
in  acetic  acid  disi  iuguishes  it.  ar  iniee  from  tlu:  phosphate. 

Potassium  Oxalates.— The  neutral  salt.  C.,K,0, .  2  Aq.,  prepared  by  neu- 
tralizing oxalic  acid  ■.villi  potassium  carbonate,  crystallines  in  transparent 
rhombic  prisms,  ubieli  become  opitque  ami  aubydroas  by  heal,  and  dissolve 
in  3  parts  of  water.— The  acid  tmilale  or  binaialutc,  l.'JIKO,  .  2  Aq.,  some- 
times called  salt,  of  sorrel,  from  its  occurrence  in  that  plant,  is  found  also 
in  other  species  of  Uumex,  in  O.r.alis  assto sella,  and  in  pirden  rhubarb,  as- 
sociated with  malic  acid.  II  is  easily  prepared  by  dividing  a  solution  of 
oxalio  acid  in  hot  water  into  two  equai  portions,  neutralizing  one  with  po- 
tassium carbonate,  and  adding  ihc  other :  the  salt  crystallizes,  on  cooling, 
in  colorless  rhombic  prisms.  Tito  crystals  have  a  sour  taste,  and  require 
40  parts  of  cold,  anil  (i  of  boiling  water  for  solution.  A  solution  of  this  salt 
is  often  used  for  removing  ink  from  paper.  Tiie  l::ij,i:i-ae.id  oxalate  or  quad- 
roxalate,  CjIIKOj  .  02H.,O.i  ■  -  Afl->  >*  Prepare. 1  by  is  process  similar  in  prin- 
ciple to  that,  lust  described.  The  crystals  arc  moditird  octohedrons,  and 
are  less  soluhle  than  those  of  the  liinoxahue,  which  the  salt  in  other  re- 
aped -  resembles.. 

Siiilii'm  nxa.'aie,  f'.,!S~a.Ar  has  but  Utile  solubility  ;   a  tun  oxalate  e.xisls. 

AmwOsiIW  Oxalates.— The  neutral  fit,  <).,i'SIli).iQi .  2  Aq.,  is  prepared 

by  neutralizing  a  iiol  solution  of  oxalic  acid  with  -.-. oniutti  carbonate.      It 

crystallizes  in  long,  Ctdoricssi,  rhombic  prisms,  wiiioli  ellloresce  in  dry  air 
from  loss  of  water  of  orystaiiitf.-ttkui.  They  are  not  very  soluble  in  cold 
water,  but  dissolve  freely  by  the  aid  of  heat. 

The  dry  salt  when  heated  in  a  retort  gives  off  water,  and  yields  a  suhli- 
male  of  uxamide: * 


When  distilled  with  phosphoric  oxide,  it  gives  up  four  molecules  of  water 
and  yields  a  oonsiderable  quantity  of  cyanogen,  C,(NH<1),Ol  —  40H,  =  2CN. 

Other  products  are,  however,  formed  at  the  same  time. 

Acid  ammonia  hi  i:  .■:,■■■'■.■:■ .  ,,,■  ',,...■■.  .■■:/.,/.:,  (',11,  N  11,10, .  \q.,  is  still  le.ss  soluble 
than  the  neutral  salt.  When  healed  in  "at,  oil-bath  lo  T>2'  C.  (450°  P.),  it 
loses  one  molecule  of  water,  and  yields  o:ramic  arid.  (\U3N03.  or  (C50,)" 
(OII)(NH2);   other  products  are,  however,  formed   at  the  same  time. 

Calcium  Oxalate,  G,C«"0( .  4  Aq,,  is  formed  whenever  oxalic  acid  or  an 
oxalate  is  added  lo  a  soluble  calcium-salt ;  it  fa  lis  as  a.  white  powder,  which 
acquires  density  by  boiling,  and  is  but  little  soluble  in  dilute  hydrochloric, 
and  quite  insoluble  in  acetic  acid.      Nitric  acid  dissolves  it  easily.      When 

dried  at  100°,  it  retains  a  molecule  of  water,  which  may  be  driven  off  by  a 
rather  higher  temperature.  Exposed  l.o  a  red  heat  in"  a  closo  vessel,  it  is 
converted  into  ca'.cium  carbonate,  with  osciipe  of  carbon  monoxide. 

The  oxalates  of  barium,   ih,c,  maiif/anest,  coram-,  nickil,  cat/alt,  and  ferrous 

''  ' ' '     :   mayncdum  oxalate  is  sparingly  solu- 

-Potassio-chromk  oxalate,   (C,OJ3tV" 
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K3  .  3  Aq.,  prepare!  by  di-solving  in  Ii.it  water  ]  p.'L];t  of  potassium  bichro- 
mate, 2  parts  of  potassium  biiioxalalo,  and  '2  pa.rl.s  of  crystallized  oxalic 
acid,  is  one  of  the  nuwl  beautiful  salts  known.  The  crystals  appear  black 
hy  reflected  light  from  the  intensity  of  their  color,  which  is  pure  deep 
blue:  they  are  very  soluble.  A  corresponding  }>etj;:-:iA<, -ferric  oxalate  baa 
been  formed:   it  crystallises  freely,  and  has  a  beautiful  green  color. 

Ethyl  Oxalates. — The  * 
snosf.  easily  obtained  by  distilling  together  4  part*  o: 
&  parts  of  oil  of  vitriol,  and  4  parts  of  strong  alcohol. "  The  distillation  may 
bo  pushed  nearly  to  dryness,  and  the  receiver  kept  warm  to  dissipate  any 
ordinary  ether  that  may  be  formed.  The  product  is  mixed  with  water,  by 
which  the  oxalic  ether  is  separated  from  the  uu decomposed  spirit :  it  is 
repeatedly  washed  to  remove  adhering  aoid,  mid  re-distilled  in  a  small  re- 
tort, the  first  portion  being  veeeive.d  apart  ami  rejected.  Another  very 
simple  process  consists  in  digesting  equal  pails  of  alcohol  and  dehydrated 
oxalic  aoid  in  a  flask  furnished  wit  h  a  long  glass  tube  in  which  the  volatil- 
ized spirit  may  condense.  After  six  or  eight  hones7  digestion,  the  mixture 
generally  contains  only  truces  of  unci  herihod  oxalic  acid. 

l'lire  oxalic  ether  is  a  colorless,  oilv  liquid,  of  pleasant  aromatic  odor, 
and  1 -Oil  sii.gr.  It  brifsal.  IK-JJ'S"  0.  [W-  F.l,  is  but  little  solniile  in  water. 
and  is  readily  decomposed  by  caustic  alkalies  into  a  metallic  oxalate  and 
alcohol.  With  solution  of  ammonia  in  excess,  it  yields  (ixainide-  and  alco- 
hol; thus: 

:   2H0C3H5    +    (CA)"(NH,)2 
Ethyl  Oxaniide. 

alcohol. 
This  is  the  best,  process  fur  preparing  oxamide. 

When  dry  gasoou-  ammonia  is  conducted  into  a  vessel  containing  oxalic 
ether,  the  gas  is  vapidly  absorbed,  and  a  white,  solid  substance  produced, 
which  is  soluble  in  hot  alcohol,  and  separates  en  cooling  in  colorless,  trans- 
parent, scaly  crystals.  Tlif.y  dissolve  in  water,  and  are  both  fusible  and 
volatile.  This  substance  is  o/  uvi*ti,  true,  the  eihv'k-  ether  of  ii:it;:;.-  acid 
(p. 659): 

(G,O,)"(0C!Hs)!    +    NH3    =     HOCjH,      ■  ' -" 

Ethyl  oxalate.  Alcohol. 

The  same  substance  is  formed  wnon  ammonia  in  small  quantity  is  added  to 
a  solution  of  oxalic  ether  in  alcohol. 

When  oxalic  ether  is  treated  with  dry  chlorine   in  excess  in   sunshine,   a 

white,  colorless,  crystalline,  fusible  I ly  is  produced,  insoluble  in   water, 

and  instantly  decomnoscd  by  aieohol.  It  consists  of  pe,r.i;/orcllit//ie  ox/dutc. 
C,C11(I04,  or  Cs04('(y icj...  er  oxalic  ellier  in  which  the  whole  of  the  hydro- 
gen ;s  reii'iic.eii  by  chlorine. 

Ethyl  oxalate  is  converted  by  potassium  or  sodbim  into  ethyl  carbonate, 
with  evolution  of  carbon  monoxide:  Cs(Csll6i,,0,  —  C(Csrls)sO,  -|-  CO; 
but  the  reaction  is  complicated  by  Ihc  foinmlioti  of  several  other  products. 

When  ethyl  oxalate  is  imitated  with  sodium  amalgam  in  a  vessel  exter- 
nally cooled,  a  product  is  obtained  wbic:i  is  separated  by  ether  into  u  soluble 
and  an  insoluble  portion,  the  latter  consisting  of  fermentable  sugar,  to- 
gether with  sodium  oxalate  and  at  least  one  other  sodium-salt,  while  the 
ethereal  solution  yields,  by  spontaneous  evaporation,  crystals  having  the 
composition  C„[l]sO,.  and  consisting  of  the  el  hylic  ether  of  a  tribasic  acid, 
C,H.OB,  called  dssiaidia  tititl.  because  it  is  produced  bv  dcoxidation  uf  oxalic 
acid;  5CsHaO,  -f  6D2  =  2C5UfiOB  -f  4011,;  and  ractimo-earbome  acid,  be- 
cause it  contains  Die  elements  ,,|  raceiuic  aciil,  t'.iil,'),;.  iiud  citrbon  ilioxiile, 
CUj,  ami  is  resolved  into  lho.se  two  compounds  when  lis  ttipieotts.  solution  i  = 
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heated  in  a  sealed  tube  with  a  small  quantity  of  anlphnrio  acid.  The  de- 
composition of  ethylio  jxalalo  by  sodium  amalgam  has  not  been  completely 
investigated,  but  tin:  formation  of  dedoxulic  acid  and  glucose  may  be  re- 
presented by  the  equation: 

8C,H,0(    +     14H,    ■=     2C5H3Ofi    +     C6IIIS0,    +     10H.O. 
Oxalic  acid.  Dcsoxalie  acid.     Glucose. 

Ethyl  oxalate  treated  with  zinc-ethyl,  and  uflcrward  with  water,  yields 
the  ethylic  ether  of  dieih  oxalic  ; l ■  ■  i ■  I .  C.,11 ::  (.'..l.l-i.,0,,  ami  similar  products 
with  zinc-methyl  and  zinc-aniyl  (p.  630). 

Add  ethyl  oxalate,  or  FAhytoznUc  acid,  C,IIjC,Hs)0j,  or  (C!Pa)/'(OH)(OC 
Hs),  is  obtained  as  a  potassium-salt  by  ado  ing  in  a  solution  of  neutral  ethyl 
oxalate  in  absolute  alcohol,  a  qui.niiiy  of  alcoholic  notash  less  than  suffi- 
cient to  convert  the  whole  lulu  poia^siauL  csaiate  and  alcohol ;  on  dissolv- 
ing this  salt  in  hydra  ted  iiUiohol,  tare  folk  sai  utaiiiig  with  sulphuric  acid, 
and  neutralizing  with  car'ooiia.le  of  lead  or  barium,  the  ethyloxalate  of 
lead  or  barium  is  obtained.  —The  acid  itself  is  pruparod  by  decomposing 
either  of  these  salt  s  with  sulphuric  acid  ;  but-  it  is  very  unstable,  and  is  de- 
composed by  concentration  into  alcohol  and  oxalic  acid. —  The  potastitm- 
salt,  Cj(C,H6)K04,  forms  crystalline  scales  which  begin  to  decompose  to. 
ward  100s. 

Methts  Oxalate,  C,(CIi3)aO,.  or  (C.,02)"(OCHa)s,  is  easily  prepared  by 
distilling  a  mixture  at'  equal  weights  of'  oxiLlii;  acid,  wood-spirit,  and  oil  of 
vitriol-  A  spiritiuiMiv  li'iuid  eoll.M'is  in  i.iio  ic-i^avir,  which,  when  exposed 
to  the  air,  quickly  evaporates,  leaving  (.lie  methyl  oxalate  in  the  form  of 
rhombic,  transparent,  crystalline  plates,  which  may  be  purified  by  pressure 
between  folds  of  bibulous  paper,  am)  redistilled  from  a  liiile  oxide  of  lead. 
The  product  is  colorless,  ami  lias  Ihe  odor  of  ethyloxalate  ;  it  melts  at  51° 
C.  (123°iT.j,  and  boils  at  liiPC.  ('^1° .(''.),  dissolves  freely  in  alcohol  and 
wood-spirit,  and  also  in  water,  ivliioli,  however,  rapidly  decomposes  it,  es- 
pecially when  hot,  into  ox  alia  acid  and  ivood  spirit.  The  alkaline  hjdr.n  cs 
effect  the  same  change  even  more  easily.  Solution  of  ammonia  converts  it 
into  oxamide  and  methyl  alcohol.  With  dry  uuimouiacal  gas  it  yields 
methyl  oxamate,  or  oxntneth.vbuie,  (f!a()2)"(NiV,)i;OC!ils),  a  white,  solid  sub- 
Stance,  which  crystal  I  i/.es  from  alcohol  in  pearly  cubes. 


Malonic  Acid,  CaH404   =    (Crl?)" .  (C02H}2  =  (CsHI0!)"(OH)2.  — This 
acid  is  formed  by  the  slow  oxidation  of  propene  glycol  ip.  595)  : 

C,HeO,      +      04      =      20Ha      +      C3H404; 
also  by  oxidizing  malic  acid  with  a  cold  sol-mon  of  potassium  chromatfl: 
CAps     +    0,    =■    COa    +     OH,    +     C3H404; 
Malic  Malouie 

acid.  acid. 

a  ml  by  the  action  o[  a'.kaiici  on  oyamicotio  acid.  or.  better,  on  o;:iy!  cya.n- 

CsH2(CN)02.CjH6    +     30HS    =    NH3    +     C,H,0     +     CsH404 

Etliyl  eyanaeetate.  Alcohol.       Malonic  acid. 

Malonic  acid    ('onus  1  sir  pre  rlioinbohedi'iil   ervstnis.  soluble  in  water  and 

alcohol,  melting  at  140°   (!.    ('JHt°    !■'.),    and  resolved  at.   1511°  C.  (302°  F.) 

into  carbon    dioxide    and    noetic    luud. — Its    relations    to  bodies  of  the    Uric 

aoid  group  will  be  noticed  hereafter, 
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C,B4(CN),    +     40HS    =    2NH3    -f     C,H0O(. 

2.  By  the  action  of  na.-conl  bvdi'ogen  (evolved  lv  sodium -amalgam)  on 
maleie  acid,  or  its  isomer,  fumavic  acid,  C4H404  +  Hs  =  C4H604.—  3.  By 
the  action  ef  hydrioiiio  acid  (or  ivarcr  au<i  pbospluirus  iodide)  on  malic 
acid,  GjHb05,  or  tartaric  acid.  |.!2I  I ,,('),.,  tile  reaction  consisting  in  the  abstrac- 
tion of  1  or  a  atoms  of  oxygen,  with  formation  of  water  and  separation  of 
iodine. — 4.  By  On;  fermentation  ■>('  malic  or  i'uniario  acid,  and  of  many 
other  organic  substances,  especially  under  '.lis;  influence  of  putrefying 
casein;  in  small  ijwiiilily  also  during  ihe  atcniiniio  fermentation  of  sugar 
(p.  516,  foot-note).  —  5.  liy  the  oxidation  of  many  organic  substances, 
cspeein^y  of  the  fatty  acids,  i  .-^T^O.,,  and  their  flyceiiite-..  under  the  in- 
fluence of  nitric  acid,  its  formation  frcm  but  eric  noid  is  represented  by 
the  equation  C  JTjf),  -|  -  Os  =  0 II,  +  C4He04. 

.Suceinie  aciil  occurs  ready  formed  io  nnilipr  and  in  cot-Iaiti  lignites,  and 
occasionally  in  the  animal  oriranisoi.  liy  heating  amber  in  iron  retorts,  it 
may  be  obtained  in  colored  crystals,  which  may  be  purified  "by  treatment 
with  nitric  acid  and  re-flryslallizal.ion  from  boiling  water.  The  acid  is, 
however,  more  advantageously  v:-n-|us t-i'il  by  i  lie  fcriuoniatton  of  malic  acid, 
the  crude  calcium  malate  obtained  by  neulrali/ing  the  juice  of  mountain- 
ash  berries  with  chalk  or  slaked  limn  bcin^  used  lor  I  lie  purpose.  This 
salt  is  mixed  in  an  earthen  jar  with  water  ami  yeast,  or  decaying  cheese, 
and  left  for  a  few  days  at  iH)'J  or  4VT' :  (be  calcium  succinate  thus  obtained 
is  decomposed  by  dimfe  sulphuric  aciil :  and  the  succinic  aeid  is  purified 
by  crystallization  Iron)  water  and  by  sublimation. 

Succinic  acid  crystallizes  it:  colorless,  oblique  rhombic  prisms,  which 
dissolve  in  S  parts  of  cold  and  in  3  parts  ol"  boiling  water:  it  melts  at 
180°  C.  (356°  F.)  and  boils  at  235°  C.  (455°  V.),  at  the  same  time  under- 
going decomposition  into  water  and  succinic  o-ridc,  or  anhydride,  C4H4Os,  or 
(C,II,0.)'/0.  The  same  compound  is  formed  by  die  action  of  phosphorus 
pentachloride  on  succinic  aeid ;  C,Hc04  -f-  PC15  =  2IICI  +  F0C13  + 
C,H40B.  It  is  a  white  mass,  less  soluble  in  water,  but  more  soluble  in  alco- 
hol, than  succinic  acid. 

Succinic  acid,  being  bibasic.  Coitus,  with  monad  metals,  acid  and  neutral 
salts,  C4nsM04  and  ('.\1IJM.,(")4,  and  with  dyad  metals  neutral  salts,  con- 
taining C4H„M"04,  and  aeid  sail*.  C4M,Mna .  C4Hs04.  —There  are  also  a 
few  double  succinates,  several  basic  lead-salts  and  a  hyperacid  potassiuni- 

Succinie  acid  is  distinguisboil  from  hem/nic  acid  by  not  being  precipi- 
tated from  its  soluble  saits  by  mineral  acids,  and  by  funning  a  white  pre- 
cipitate with  barium  chloride,  on  itddrl  ion  of  ammonia-  and  alcohol. 

Pyrotartarie  Acid,  C,H904  =  (Carr6)"(C03H)s  =  (CsHB02)"(OIIJ!,  is  pro- 
duced by  the  dry  distillation  of  tartaric  aciil,  and  by  the  action  of  alco- 
holic potash  on  propone  cyanide,  ( !a  1 1  t:i;  (.'JS! ),,.  h  io  ins  rhombic  prisms, 
very  soluble  in  water,  alcohol,  ami  oilier  ;  melts  at  1.12°  C.  (233°  F.),  vola- 
tilizes nt  about  200"  C.  (802°  K.),  being  parity  resolved  into  water  and 
pyratartctric  oxide,  CsIIe03.      It  forms  aciil  and  neutral  salts  analogous  to  the 


Suberic  Acid,  CfnHU4,  has  Ions  been  known  a-   a   product  of  the  oxida- 
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tlon  of  cork  by  nitric  acid.  Tlcccnl.ly  it  has  been  produced,  together  with 
other  acids  of  the  series,  by  the  luii^-ciiniinued  action  of  nitric  acid  upon 
stearic  and  oleic  acids  and  other  fully  bodies.  Suberic  acid  is  a  white 
crystalline  powder,  sjiit i-Lnujly  soluble  in  cold  v.utcr,  fusible  and  volatile  by 

Anehoio  Acid,  or  Lepargylio  Acid,  'WV  is  formed,  together  with  other 
products,  by  the  action  of  niivii:  acid  on  liliinese  was  and  on  the  fatty  acids 
of  cocoa-nut  oil.  —  Azclaic-  «<■■>',  obtained  by  oxiiiiu.iii^  castor-oil  with  nitric 
sit: kl.  has  1:1.1  same  composition  as  anchnio  acid,  bm  differs  so  much  from  it 
in  physical  properties,  that  it  must  he  regarded  as  an  isomeric  or  allo- 
typic modification. 


Sebic  or  Sehacio  Acid,  C10lIiaOd.  is  a  constant  product  of  the  destructive 
distillation  of  oleic  acid,  oloin,  and  all  fatly  subst-mices  containing  those 
bodies;  it  is  osiraeted  by  boiling  the  distilled  matter  with  water:  it  is 
also  formed  by  the  action  of  potash  on  castor-oil  {see  p.  652.)  It  forms 
small  pearly  crystals  resembling  those  of  benzoic  acid.  It  has  a  faintly 
acid  taste,  is  but  little  soluble  in  cold  water,  melts  when  heated,  and  sub- 
limes unchanged. 

SocCBllic  Acid,  C„lljj04,  exists  in  RoccdU  tiiu-Joritt,  and  other  lichens  of 
the  same  genus,  also  in  Ltcanar.i  tarttti-ea.  and  is  obtained  by  exhausting 
the  first- mentioned  plant  wit  h  uiiueous  aimnonifi,  precipitating  the  filtered 
liquor  with  calcium  chloride,  ami  decomposing  the  resulting  calcium-salt 
with  hydrochloric  acid.  When  purified  by  solution  in  ether,  it  forms 
white,  rectangular,  fo.ir-s  ided  ubaiar  crystals,  melting  at  132°C.  (270°  P.), 
and  subliming  at,  2()i)°  (J.  PWfl"  [■'.),  boine;  partially  converted  at  the  same 
time  into  an  os.ii.lc,  (;1T[L,0O5.      This  acid  uoeompescs  carbonates. 


2. — FumaricSeri.es  CnH2r,_404. 
This  scries  includes  Ilic  two  following  groups  of  isi 


-    C,H404 
acids       .         CsH,04. 
They  are  unsaturated  compounds,  capable  of  lalting  up   two   atoms  of  hy- 
drogen, hromiuc,  and  111  her  monad  cleaients.  and  passing  into  acids  of  the 
preceding  series. 

Fumaric  and  Maleie  Acids,  CJlfii  =  (CaIIs)"(CO,H)s  =  (CiIIaO!,)"(OH)s. 
When  malic  acid  is  healed  in  a  small  retort,  nearly  tilled,  it  melts,  emits 
water,  and  enters  into  ebullition,  and  a  volatile  acid  pusses  over,  which 
dissolves  in  the  water  of  the  receiver.  After  a  time,  small  solid,  crystal- 
line scales  make  ilieir  appearance  in  the  boiling  liijui:.!,  and  increase  in 
quantity  until  the  whale  becomes  solid.  The  [.ua.icess  may  now  be  inter- 
rupted, and  the  contents  of  the  retort,  a.fier  cooling,  treated  with  cold 
water:  unaltered  malic  acid  is  thereby  dissolved  out.,  and  a  less  soluble  acid 
is  left  behind,  called  fiumiru:  a.cid.  from  its  identity  v.-ith  an  acid  extracted 
from  the  common  fumitory  {Funuiria  ojfiemaUt). 

Fumaric  acid  forms  small,  while  crystalline  Wrsinm,  which  dissolve  freely 
in  hot  water  and  alcohol,  bul.  require  lor  soim  ion  about  20(1  parts  of  cold 
water:  it  is  unchanged  by  hot.  nitric  acid.  'When  healed  in  a  current  of 
air  it  sublimes,  but  in  a  retort  undergoes  decomposition  ;  this  is  a  phenom- 
enon often  observed  In  organic  bodies  of  small  volatility.  Fumaric  acid 
forms  acid  and  neutral  jucial'.ic  sabs,  una  an  ci  tier,  which,  by  the  &''"  """    "' 
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ammonia,   yields   fumaramidc,    (C4H:;0.J)"(NH2)a,    in   tho  form  of  a  white, 

amorphous,  insulubie  powder. 

The  volatile  acid  produced  simultaneously  with  fumaric  acid  is  called 
maleic  acid;  it  may  bo  o'.ii aincil  in  crisials  by  c-mporalion  in  a  warm  place. 
It  is  very  soluble  in  water,  alcohol,  and  other,  has  u  strongly  acid  taste  and 
reaction,  and  is  convertible  by  heat,  inro  fumavio  acid.  Maleic  and  fumaric 
acids  arc  formed  from  malic  acid  by  separation  of  a  molecule  of  water, 
Fumaric  acid,  when  healed  ivit.1]  bromine,  combines  with  2  atoms  of  that 
element,  forming  ii'Arm.'.u.v  .«,■<><<<;  add,  ( \I I  .Ur^lj.  which  resembles  in  all  its 
properties  the  dibrominatcd  acid  prepared  i'roin  succinic  acid  by  direct 
substitution.  On  healing  liimaric  aeid  with  hydriodic  acid,  it  passes  into 
succinic  acid.  The  since  react  inn  takes  place  on  treating  fumaric  acid  with 
water  and  sodium-amalgam,  CjH^O,  -\-  Hj  =  C,II0O4.  The  deportment  of 
maleic  acid  with  bromine  ami  lin-cenl  hydrogen,  is  perfectly  analogous  to 
that  of  fumaric  acid :  when  treated  with  hydi  iodic  acid,  it  passes  first  into 
fumaric.  a.eid,  anil  then  into  succinic  aciii  (KekuhS). 

Itaconic,  Citrncouic,  and  Mesaconic  Acids,  C^HjO,.  —  The  first  two  of  these 
acids  are  produced  by  the  a.etion  of  beat  on  citric  acid.  When  crystallized 
citric  acid  is  heated  in  a  retort  it  first-  melis  in  its  water  of  crystallization, 
and  thou  boils,  giving  off  water.  Afterwards,  at  about  175°  C.  (.147°  F.), 
vapors  of  acetone  distil  over,  and  u  copious  disengagement  of  carbon  mon- 
noxide  takes  place.  At  this  time  the  residue  in  the  rot  on  consists  of  aeo- 
itic  acid.  If  the  distillation  be  still  continued,  carbon  dioxide  is  given 
oil',  ami  itaeonie  aeid  crystallf/os  in  the  neck  of  ihe  retort.  If  these  crys- 
tals he  repeatedly  distilled,  an  oily  mass  of  citraconic  oxide  or  anhydride  is 
obtained,  which  no  longer  solidities..  These  compositions  are  represented 
by  rhe  ibM"V.int;  equations: 

CeH60,  —  OH,  =  CsHjOj;         CBH60?  —  COs  =  C5H60,; 
Citric  Aconitic        Aconitie  Itaconic 

acid.  acid.  acid.  acid. 

CEHB°4  —  0HS  =  C6H1°3 

Itaconic  '  Citraconic 

acid.  oxide. 

sod  to  ihe  air  absorbs  moisture,  and  is  con- 
do  acid,  CBHB0,. 

Mesaconic  acid  is  produced  by  boiling  itaconic  acid  with  weak  nitric  acid. 
Those  three  isomeric  acids  are  all  converted  by  nascent  hydrogen  into 
pyrotarlaria  arid,  C-11,,0..  They  also  lake  up  a  molecule  of  hydrobromic 
acid,  HBr,  forming  monobroniopyroratdarie  acid.  l'.ll,l>rOd,  or  of  bromine, 
Br,,  forming  dibromnpyrotnrhiric  acid.  Itaconic  and  citraconic  acids  are, 
however,  more  inclined  ro  i.liese  I  |-an>  formations  than  .mesaconic  acid,  which 
is  altogether  a  more  stable  compound.* 

Camphoric  Acid,  Cl0lI]5O4,  produced  1 
nitric  acid,  is  likewise  included  in    the  „. 

appears  to  lie  a  saturnfed  compound,  inasoiuch  as  its  ethylic 
■  'sndency  to  take  up  chlorine  or  oilier  elements.  The  acid  forms  small 
:odles  or  plates,  of  acid  and  bluer  taste,  sparingly  .soluble  in 
'  It  melts  when  heated,  and  yields  by  distillation  a  colorless, 
crystalline,  neutral  substance,  consisrine;  of  cii>rq.ih"rii:  oxide,  or  anhydride, 
cioHi4°3'  Calcium  eauiphovate  when  distilled  yields  a  volatile  oil  consisting 
of  phorom:,  (yr,/!,  the  ketone  of  camphoric  acid: 

C10rI,4CaO4        =i        C03Ca         +         CBH„0. 

1;  uUi>  T.at i oratory, i>. aO" 


1  by  heating  camphor  (C]orrli;0}  with 
le  general  formula.  Oil.,,,-./),, ;  but  it 
inasmuch  as  its   ethylic  ether  shows 
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S.— Series  CJV^P4. 

The  only  known  si-ci-.l  bilougiug  to  this  aeries  ia : 

Mellitio  Acid,  C,II.,(\  which  nifurs  in  ;i.n  ulnniiniiiTii  -salt  in  a  very  rare 
mineral  called  mt.ll>:-:  or  !uj;ifii!.!onc,  fnmiJ  in  deposits  of  lignite.  It  ia 
soluble  in  water  and  alcohol,  anil  is  orysbilli/ablc,  tunning  culm-less  needles, 
It  is  a  bibasic  acid,  ioi-ming  acid  and  neutral  salts  :  I  he  inellitates  of  the 
alkali-metals  are  join  bio  and  cry  si  all  Liable  ;  i  hose  of  the  eartlia  and  heavy 
metals  are  mostly  insoluble. 

Ammonium  inellilai.o  yields  by  distillation  -purii/uiiie  and  eueAroic  asiiJ. 
The  former  is  a  while,  amorphous,  insoluble  subs' anue.  containing  C,UNO, 
{i,  e.,  acid  ammonium  mellilnto,  t.^(I(_\.lTdjO,  minus  20I1J,  and  convertible 
by  boiling  with  water  into  acid  ammonium  mellitato.  linchroic  acid  forms 
Colorless,  sparingly  soluble  crystal-,  containing  in  the  anhydrous  state 
C(H4N,04.  In  coin ji ei  with  metallic  nine  and  deoxidizing  agents  in  general, 
it  yields  a  deep  bine  insoluble  substance  'jailed  enthrone. 


—  Series  CHm. 


•e  Qumm/Ue  mid,  t.',.  I  TjOj.  is  not  a  dually  known,  hut-  ils  dicnlori- 
nsted  derivative,  <-<;.!  I. ,(.!U),,,  is  produced  by  the  action  of  potash  on  tetra- 
ehloroquinone,  Ce014U.,.  It  is  a  crystalline  su list  mice.  w  Siieli  gives  off  water 
when  healed.      It  is  biliasie,  forming  acid  and  neutral  salts. 

Orsdlimc  arid,  I'^lljO,,  and  /ifrni,:  acid,  C;,II]004,  perhaps  belong  to  the 
same  Series.  They  will  he  turllier  noticed  in  ;he  chapter  on  Coloring 
Matters. 


f,B"b'V 


acids,    phthalic.    and    terqdithalic, 


Fhthalio  Acid,  ('8lT,.Ot.  also  called  Ali-'nrie.  and  Nujditinlk  add,  is  pro- 
duced by  the  action  of  nitric  acid  on  na  |:liibalcnc,  di chloride  of  naphtha- 
lene, all/.arin,  and  ].ni-|mriu  (the  coloring  mailers  of  madder): 

CI0HB         +  Os            =            C.H.O,        +  C,H„0, 

Naphthalene.  Phthalic  acid.  Oxalic  acid. 

Cm^O,        +  OIL-j-O,     =           C,H60,         -f  C,H,0.. 
Alizarin. 

2C8H„03       +  OHj-f-O,     =          2CaH60j        +  CaH,0,. 
Furpurin. 

It.  is  usually  prepared  by  treating  naphthalene  dioliloridc  with  boiling  nt- 

Plithalic  acid  crystallizes  in  colorless  plates :  it  is  lmt  slightly  soluble  in 
cold  water,  but  dissolves  freely  in  alcohol  and  ether.  It  is  bibasic,  form- 
ing acid  and  neutral  sa'ls.  When  heated,  it  loses  a  molecule  of  water,  and 
leavea  phthalic  oxide.  CBH/tH.      Treated   with   fuming    nitric  acid,   it  yields 

mlrn-phthalic   acid,  Cfll:-(  XOjOr      When  dis.illml  with  .baryta,   it  gives  off 

C3HsO(        +        2BaO        =        2C03Ba        +        C,H,. 
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Terephthslio  Acid,  (^1^0.,,  is  produced   by  the  oxidizing  action  of  nitric 

acid  on  turpentine  oil,  lemon-oil,  and  oilier  l.erpeucs,  also  on  cyinene.  It 
ia  a  white,  tasteless,  crystalline  powder,  in.it.  |ierccoi  ibly  soluble  in  water, 
alcohol,  or  ether,  [r.  is  ilistinguL-died  from  liatlmlii:  acid  by  sub'.imjiij; 
with  ii  ut  11  i  lorn  I  ion  when  li  mil  in  I,  and  not  Vicing  resolved  into  m  a  tor  and  an 
anhydride.  Aliliou^h  bibasie,  it.  forms  no  doubio  salts,  and  shows  bin  little 
tendency  to  form  acid  salts.  Nearly  all  i  lie  I  e  rep  hi  babies  are  soluble  and 
erystallina.ble.  and  so  iiilbmnniiblo  thai,  they  may  be  >et  on  fire  by  it  spark 
from  a  Hint  and  steci.  and  hurii  away  slowly  like  tinder,  emitting  the  odor 
of  benzene. 

Insolinio  Acid,  CyTjl),,  is  produced  by  the  action  of  potassium  bichro- 
mate and  sulphuric  acid  on  comic  mad,--  and  by  flint  of  nitric  acid  on  coal- 
e  (trimethvl-lHumine.  p.  41M),  iv'iii:  mad  being  iirst  produced,  and 


rward  fur: 
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Zylio  acid. 
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= 

CBH904 
Insolinio  acid. 

+ 

Oir,. 

Insolinio  acid  is  a  white  crystalline  powder,  and  resembles  tercphthalic 
acid  in  being  juiarly  insoluble  in  cold  and  sparingly  soluble  in  hot  water  ; 
from  hot  alcohol  it  sepn rules  io  crysialline  cross  s.  When  heated  it  sub- 
limes without  previous  fusion,  unit  in  part  without  decomposition.  It  is 
bibasie,  forming  neutral  aeid  and  double  sails,  also  a  neutral  and  acid 
et hylic  ether  (llofmannj. 


Ttti.vroMro  a kd  jioxor.ABic  acids. 

cse  aei.ls  are  dei-iveu    >>oin  iria'omic  iiiciiiols  hy  su'istiu 
s  glyceric  acid,  C,iy>4,  from  glycerin,  CsH90j: 
CHjOH  CH2OH 


■imil 


CHjO 
Glycerin. 
The  known  acids  of  the  group  are: 
Glyosylio  acid         .  C.H.O, 

ttlyee.rie  acid     ,  .      C.;ii(iO, 

Oxysalieylic  acid   .         C,H604 


Aoid,  C2H,04    =    CHOH.  —  This  acid  is  produced:  1. 


C0( 


COOH 

action  of  nascent  hydviK-en  (evolved  Siv  /.inc  anil  sulpbur 
acid:  C2II20.,  -f-  H,.=  CsH4Ot. 
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2.  By  boiling  silver  bromoglycnlhi.tc  with  water: 

C,H5AgBr03    +        0H2        =        AgBr         +         C,H404. 

3.  By  the  oxidation  ul' glycol,  alcohol,  or  glyoxal  with  nitric  acid: 

CsH,°i  +  °a        =        ciHA       +         OH, 

Glycol. 

0,IIeO  +  0*        =        C2H,04       +         0HS 

Alcohol. 

C,H,0,  +  0  +         0Ha  =         C,H40, 

Glyoxal. 
Glyoxylie  acid  may  be  obtained  by  evapoi  a:  ion  in  the  form  of  a  viscid 
transparent  syrup,  which  dissolves  readily  in  wafer,  and  distils  without 
alteration  at  100°.  Tt  dissolves  zine  without  evolution  of  hydrogen,  and  ig 
converted  into  glycol™  acid:  <yVV,  -f  H„  ---  CjN/).,  -|  OH  Glyoxylvo 
sicid  forms  suits  most  of  whii-li  arc  represented  by  (lie  funuulic  C.M.'.^M, 
and  (C,H,04),M",  e.  g.,  the  silver-tak  is  C,H.04Ag,  and  the  calcium-salt, 
(CjHjOJjCa".  The  v!mu:mi>i-ni-S'.il.!,  lioivm'r,  has  tiie  composition  C„HO, 
(HH,),  apparently  derive!  iYimi  an  acid  cmla.ioinLi;  <  , H ..Oa.  This  is  indeed 
the  formula  originally  assigned  to  giyoxylio  acid  by  Debus,*  who  discovered- 
it.  This  formula  is  perteody  con  sis  lent  with  the  formation  of  the  acid  by 
oxidation  of  glyoxal,  glycol,  and  alcohol  ;  Inn,  on  the  other  hand,  its  forma- 
tion from  oxalic  and  from  brnnioglycolie  neid  seems  rather  to  show  that,  it 
consists  of  C2H404.T  Moreover,  if  the  acid  were  really  CjHjO,,  it  would 
lie  necessary  to  suppose  I  ha  I  a.i!  the  glyov  viator,  except,  t.lie  ammonium  salt, 
contain  water  of  crystallization,  (lie  silver-salt,  I'or  example,  being  C,H03 
Ag.OH^ ;  now,  there  is  no  other  known  in  si  mice  of  a  silver-salt  containing 
water.  The  ammonium-salt,  above  mcnliouod  is  probably  an  amide,  (Cjlf, 
0,)N-H„  formed  from  the  true  ammonium  glyoxylatc,  f  il304(NH4),  by  ab- 
"'"'"  of  water. 


Glyceric  Acid,  C.,TlsOr  —  This  aciil,  isomeric  with  pyruvic  acid,  is  pro- 
duced by  the  action  of  nitric  acid  on  glycerin:  also  by  the  spontaneous 
decompoaition  of  nitroglycerin,  and  i:y  kerning  glycerin  with  bromine  and 
a  large  quantity  of  water  to  Kill-  in  a  sealed  tube:     ■ 

CsH803    +     2Br,     +     OH.,    =     4HBr     -j-    CsH„04- 
Glyceric  aoid,    when    concentrated,  is    a    colorless  n  on -crystallizing  syrup 
which,  when  heated  far  some  lime  (o  10oc  C.  (HZl0  V  ),  gives  off  water  and 
is  converted  into  glyceric  oxide  or  anhydride.  (.!:tH4_0.,.      This  acid,   treated 
with  phosphorus  iodide,  is  ( verted  imj  iiniopropionio  acid,  t-slIsU>3. 

The  glyceratcs,  OsH504M'  and  (C311,0.,  U1",  are  soluble  in  water  and 
crystallize  well,  They  are  not  reddened  by  ferrous  sulphate,  and  are 
thcrehy  distinguished  from  Ihe  pyruvates,  with  which  thoy  are  isomeric. 

Oxyaalicylic  Acid,  CJI60...  is  produced  by  boiling  a  solution  of  iodosali- 
eylie  acid,  C,HsTOrt,  with  potash.  It.  forms  highly  lustrous  needles,  soluble 
in  water,  alcohol,  and  el  her.  The  aqueous  solution  is  colored  deep  blue  by 
ferric  chloride.  The  crystallized  aoid  melts  al  193°  (I.  {379a  F.),  and  is 
resolved  between  2KP  and  J!2°  (".  f-llii-  -41  lc  I1'.}  into  carbonic  dioxide  and 
oxyplieuol  or  pyroealeehin,  tyi/1., (p.  j'W),  and  its  isomer,  hydro-quinone. 
The  nxys.alieyla.tcs.  are  very  unstable. 

There  are  three  aeids  isoiucno  with  n-.\ysn':oylie  acid,  viz.,  hypogallic 
licit!,  produced  bv  the   aetia:i  of  heilini;  livdrieJie  aeid  on  homipinie  acid, 

CiAoOg    +    2HI    —    C,H„04    -f     2CHSI     +     C0a; 


f  Jti-/.-Mi;ui(l'UuMJ![,  Uliem.  Sue.  J.  jaj,  vi.li.t7. 
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prntoi-iitecliuir.  ati-1,  produced,  together  with    oxalic  and  noetic  acids,  by  the 
action  of  melted  potash  ou  pipcrie  iLtid,  C„H100,: 

C,sHwO,  +  80H2  =  0,^0^  +  CjHjO,  -j-  CjH.O;,  +  C02+  7II2, 
;i.Ti tl  carioltydro'inhtome  and.  pi  o do cod  by  ;i  ; .  ..■  u  ;j  L  i n  i ■  trims  lb rinalion  of  quinic 


It,  crvsfallizes  from  ho/  jiquonns  snlurion  in  Ion;?  colorless  prisms,  melting 
at  124°  C.  (255"  I.'.),  slightly  soluble  in  colli  wilier,  very  soluble  in  alcohol 
and  ether.      The  aqueous  solution    is  eolorod  bine  by  ferric  chloride.      The 

acid  in  resolved  by  heat  into  tarboti  dioxide  mid  eugenic  acid. 

Fiperie  Acid,  CisII.cO,.  is  produced,  iosif idior  with   piperidine,  by  boiling 
piperine  (an  alkaloiii  front  pepper)  with  potash: 

C„H  NOs       +        OH,       =       C„H„,04        -|-        CfiH,,N 

Piperine.  Piperic  Piperidine. 

It  forms  yellowish  oapiUoiy  needles,  melting  at  150"  C.  (302°  F.),  and  sub- 
liming at  about  200°  C.  (852°  F.) ;  nearly  insoluble  in  water,  easily  soluble 
in  boiling  alcohol.     "When  fused   with  potassium  hydrate  it.  yields  protoea- 

lechitie  aeiil,  together  with  other  products.  The  piporatos  even  of  the 
alkali -mettds  are  sparingly  soluble  in  water,  the  rest,  insoluble. 


TEIATOMIO  AND  BIBASIC  ACIDS. 

The  only  known  acids  of  this  group  are   rxaitr  nriil,  C.,TT605,  and   (arlrenic 
acid,   CJI.O.,  obtained  by    tlie   spontaneous  decomposition   of  nitro  tart  aide 

acid,  anil  perhaps  also  cvoeouic  acid,  C..I],0S  (p.  678). 

11        to 

Malic  Acid,  C,H606  =  (CJIl3Os)'"(0li)i1'  or  (OJhW  \q  .—This  acid 

■  f  moist  silver  oxide  on  monobromo- 

2C,HBBr04    +     OAg,     +     OH,    =     2AgBr     +     2C4H6Os. 
It  is  also  produced  by  the    action   of  nitrons  acid    on    asparagin,  ft  sub- 
stance, existing  in  asparagus,  mnrsh-ioall.Av,  und  other  plants,  or  on  aspar- 
tio  acid,  an  acid  formed  hy  tins  deeooi  posit  ion  of  asparagin  under  the  influ- 
ence of  acids  or  alkalies  i 

C4HeN2Oa     +      2NO;JI      =     C,HsO,      +    201I2     -f     2Na. 
Asparagin.  Malic  acid. 

CjH,NO,      +      N02H      =      C5H0O5      -f-      OH,     +      Nr 
Asparticacid.  Malic  acid. 

Malic  acid  is  the   acid    of  apples,  pears,  and  various   other  fruits:   it   is 
often  associated  with  citric  acid.     An  excellent  process  for  preparing  it  is 
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lliat  of  Everitt,  win.'  has  demons!  rat.cd  its  existence,  in  great  quantity,  in 
the  juice  of  the  common  e/arden  rhubarb ;  it  is  there  accompanied  by  acid 
potassium  oxalate.  The  rhubarb  stalks  am  peeled,  and  ground  or  grated 
to  pulp,  which,  is  subjected  1o  pressure.  The  juice  is  limited  to  the  boiling 
point,  neutralized  iviili  potassium  ciiilmnaio.  and  mixed  with  calcium  ace- 
tate: insoluble  calcium  oxalate  (lieu  falls,  and  may  bo  removed  by  filtra- 
tion. To  the  cltiir  ami  ni.-ri.ilj-  colorless  liquid,  solution  of  lead  acetate  is 
added  as  long  as  a  precipitate  coulinues  i.o  be  produced;  and  the  lead  ma- 
late  is  collected  on  ;l  filler,  washed,  diffused  lhrouj;h  water,  and  decom- 
posed by  sulphuretted  hydrogen.™  Tlie  lihered  liquid  is  carefully  evap- 
orated to  the  consistence  of  n  syrup,  and  left,  in  a  dry  atmosphere  until  it 
becomes  converted  ituo  a  solid  ami  somewhat,  crystalline  mass  of  malic 
acid:  regular  crystals  have  not  been  obtained.  .I'Yom  the  berries  of  the 
mouniniu-asb  (Sarins  tmwp.-iriti),  in  which  malic  aeid  is  likewise  present  in 
considerable  quaulily,  especially  at  Hie  time  they  begin  to  ripen,  the  acid 
ni'ii'iie  ;.ii.::iare'l  l.iv  the  same  process. 

Malic  ncid  is  colorless,  slightly  deliquescent,  .irnl  very  soluble  in  water: 
alcohol  also  disserves  it.  The  aqueous  solnrioii  has  an  agreeable  aoiil  taste: 
it  becouios  mouldy  and  spoils  by  keeping.  In  conlacl  wilh  ferments,  es- 
pecially of  putrefying  cheese,  i(  is  decomposed,  yielding  succinic  and  acetic 
acids  and  carbon  dioxide  : 

tCJtyt  =  2C4Ha04  -f   G,H4Os    +     2C0,     +     OH,. 
Sometimes  also  butyric  aeid  and  hi  tlrogen   are  found   among  the  products 
of  the  fermentation.      Malic  acid  is  converted  into  succinic  acid  by  digest- 
ing it  in  sealed  lubes  with  hvdriodic  acid: 

C.HA     +     2BI    =    C4H80,    -f     Oil,    +     Is. 

The  reconrersion  of  succinic  into   nia'iie    acid  has  been  til  ready  mentioned. 
The    sodium-salt    of   bromomalio   acid,   CJiJlrti-,.    obtnined  by  boiling  an 
aquoous  solution  of  sodium  dihromosucciuole   (!  ■.,llse.":ii5i,,Ot),  is  converted 
by  boiling  wli  h  litrie-waler  inlo  Ihc  calcium-suit  of  tartaric  acid,  Ctrib06: 
C4ll515r05      +       OH,      =      HBr      +      C4H6Os. 

Malic  acid  forms  both  acid  and  neutral  suits.  The  most  characteristic 
of  the  malates  are  arid  nmwoniam-  w<;V.-.  (.'..M/Klv  It,),  which  crystallizes 
remarkably  well,  and  trad  iiiiditlc,  CJi.jO.l'b'' .  -i  Aq.,  which  is  insoluble  in 
pure  water,  but  dissolves  lo  a  considerable  ex:  cut  in  warm  dilute  acids,  and 
separates  on  cooling  in  brilliant  silvery  crystals,  containing  water.  By 
this  character  the  acid  may  lie  disi  inguisbed.  Acid  calcium  mutate,  C,,II(0,. 
Ca  .  C,H„05  .  8  Aq.,  is  also  a  very  beautiful  salt,  freely  soluble  in  warm 
water.  It  is  prepared  he  dissoiving  the  sparingly  soluble  neutral  malate  in 
hot  dilute  nitric  ucid,  and  leii-viug  the  solution  to  cool. 

Malic  acid,  as  it  exists  in  plants,  and  as  obtained  from  asparagin,  or 
from  aspartic  acid  produced  front  the  latter,  exerts  a  rotatory  action  on 
polarized  light ;  [n]  =  —  5";  but  by  the  notion  of  nitrous  acid  on  inactive 
aspartic  acid  (resulting  from  the  decomposition  of  fumarimnle),  Pasteur 
has  obtained  a  modification  of  malic  acid  which  is  also  optically  inactive. 
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Aeonitic  Acid,  C6H803  =   (C6H3Oa)'"(OH)3,  exists  In  monk's-hood  (Aconi- 

litm  A'ap/ilti.i),  and  other  j-.lM.nls  1.1 1    the  s ■  jfini.^  also  it!  HijniseUiin fitinin,- 

tile,  and  is  one  of  tin;  pri!aui::s  obtained  bv  tin;  d  c  I  .vd  ration  of  citric  acid 
(p.  664). 

When  crystallize!  citric  aei;t  is  heated  ;•)  a  re/.ort  til!  Lt  begins  to  become 
eolored,  and  to  inn  let-go  decomposition,  and  i  lie  I'usod,  glassy  product,  after 
cooling,  is  dissolved  in  waier,  aeouilio  acid,  on  evaporation,  remains  as  a 
white,  confusedly  crystalline  mass,  permanent,  in  the  air,  and  very  soluble 
in  water,  alcohol,  and  ether;  the  solution  Inis  tin  acid  and  astringent  taste. 
The  salts  of  aconitio  acid  possess  but  little  interest ;  that  of  barium  forma 
an  insoluble  gelatinous  muss;  calcium  iic"ti<l--r!f<,  which  has  a  certain  degree 
of  solubility,  is  found  abitndanlly  in  the  expressed  juiec  of  monk's-hood, 
mid  iiiiigrifsiuiii  iicam'aln  in  that,  of  cq'iisetum. 

Carballylic  Acid,  C6H80,.  =  (QiH,OJ"'(OE),  =  (CaHs)"'(C02H)3,  is  pro- 
duced by  the  action  of  nascent  lij  u  re  gen  ...11  ucotiiiic  acid,  and  by  that  of 
alcoholic  potash  on  ]  "m-  ;  ■  1 1 1 .- :  j  j.  1  li'Ieyaii  ;do,   or  t  ii  cyanhydrin  : 

:  3NH3  +  (C3Hs)'"(CO!K)3 
PotBHsinm 
carballylale. 
It  forms  colorless  trimotric    crystals    easily  soluble-    in  water   and   alcohol, 
slightly  soluble  in  ether.      The  carliallvlaics  of  the  alkali-metals  are  easily 
soluble  in  water,  the  rest  insoluble  or  sparingly  .soluble.      The  ctimlic  ether, 
(C,HsO,)'"(OCjHs),,  is  a  liquid  boiling  between  295°  and  305°  C.  (503°- 


!"S 


These  acids  may  he  derived  front  Inraloinie  tilcolith's  by  sulislitulion  of 
one,  two,  three,  or  Jour  atoms  of  oxygen  for  a  corresponding  number  of 
hydrogen  molecules: 

OHsOH  CH,OH  COOH 

CHOH  CHOH  CHOH 

1  I  i 

CIIOII  CHOH  CHOH 

CH.OH  COOH  COOH 

Erythrite.  Erythric  acid  Tartaric  acid 

(monobasic).  (bibasic). 

Only  one  tetratomic  acid  has,  however,  been  actually  formed  by  oxida- 
tion of  the  corresponding  alcohol,  uanielv,  evrUine  acid,  C4H305,  from 
erythride,  C^ll.,,0,. 

The  known  tetratomic  acids  are  (lullk  anil,  i'JIt;0  .  and  liriithric  acid. 
C4H306,  which  are  monobasic;  Tartaric  add,  <yicOG.  and  an  acid,  CsH„Oe, 
homologous  with  it,  oh  t. aiucd  by  the  tun  ion  of  moist  silver  oxide  on  dibromo- 
pyrotartnric  acid,  which  arc  bibasii;,  anil  Citric  ,it.la,  ( !6llaO-,  which  is  tri- 

Opianic  ncid,  C,U1T,.,(I5.  nh'iyhii'--  aciit,  C|:ill  ,..,Ofi,  ami  M-'eonic  acid,  C,HeO„ 
are  probably  also  tel  t-atomic  acids;  the  tirst  being  monobasic,  the  second 
bibasic,  anil  the  third  tribasic. 

Gallic   Acid,    C,HsOs  =  (C,H,0)"'(OH)4 -.  (C,H,0)"  [  0,.  —  This   acid 
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exists  ready  formed  in  certain  plants,  as  uiiucIl  hellebore  root,  the  acorns 
of  Quercut  KffSops,  green  and  blunt  tea,  and  others  ;  it  is  also  produced  "by 
the  transformation  of  gallo-iaiuiio  acid,  and  is  therefore  found,  together 
with  the  latter,  in  old  nut-galls.  A  solution  of  tannic  acid  in  water  exposed 
to  the  air,  gradually  dcposils.  crystals  of  giiilic  acid,  ('mined  by  the  destruc- 
tion  of  the  tannic  acid.  The.  simplest  method  of  preparing  gallic  acid  in 
quantity  is  to  take  powalercd  mil -galls,  which,  when  fresh  and  of  good 
quality,  contain  3Q  or  10  per  cent,  of  Emmie  acid,  wish  scarcely  more  than 
a  trace  of  gallic;  mis  this  powder  with  water  to  a  tluu  paste,  and  expose 
the  mixture  to  the  air  iu  a  warm  situation  for  i  ivo  or  I  liroc  months,  adding 
water  from  tiEne  to  lime,  10  replace  that,  lest  l>y  drying  up.  The  mouldy, 
dark-colored  mass  thus  produced  may  then  be  strongly  pressed  in  a  cloth, 
and  the  solid  portion  boiled  in  a  considerable  quaniit.y  of  water.  The 
filtered  solution  deposits  oti  coming  abundance  of  gallic  acid,  which  may 
be  drained  and  pressed,  and  finally  purified  by  rccry stalliaation. 

Gallic,  aeid  has  lately  he  en  pre.  I  need  l.iy  I  lie  action  of  moist  silver  Oxide 
on  dibromo-,  or  di-iodosalicylic  acid  : 

C5H,lir20B    +     OAg2    +     OHa     =     2AgBr    +     C,H606; 
hence  it  may  be  regarded  as  die  sty  salicylic  acid.  . 

Gallic  acid  form!  ama.ll,  feaabcry,  and  nearly  colorless  crystals,  which 
have  a  beautiful  silky  lustre;  they  contain  CYH603.  Aq. ;  it  requires  for  solu- 
tion 100  parts  of  cold  and  only  .'1  pa.ris  uf  hailing  water;  the  solution  has 
an  acid  and  astringent  tnst.e,  and  is  gradually  decomposed  by  keeping. 
Gallic  acid  does  not  prt'eipit.n  e  gel.ii  in  ;  v.iih  iVrrnus  -aha  it  produces  no 
change;  but  with  ferric  salts,  it  form*  a  deep  bluish-black  precipitate, 
which  disappears  when  l.lic  liquid  is  healod,  from  I  lie  reduction  of  the 
ferric  to  ferrous  salt  ai  Ihe  expense  of  the  gallic  acid. 

The  salts  of  gallic  acid  present  but  little  interest;  Ihe.'e  of  the  alkali- 
metals  are  soluble,  and  readily  destroyed  by  oxidation  in  presence  of  excess 
of  base,  ihe  solution  acquiring  after  some  time  n  nearly  black  color:  the 
gill  hit  us  of  most,  of  the  oilier  metals  are  insoluble. 

Gallic  acid  healed  to  about  LI .1  o "  (','.  (41  it'"'  l-.J  is  resolved  into  carbon 
dioxide  and  pyrogalhv  or  pyregnlHe  mad.  tJBi !,jt >a  (p.  !>'()).  which  sublimes 
in  crystalline  plates. 

Gallic  acid  and  pyrogallic  acid  reduce  salts  of  gold  and  silver  to  the 
metallic  state:  it  is  on  this  properly  ihat  their  application  in  photography 


When  dry  gallic  acid  is  suddenly  heated  t.o  2-19°  C.  ('180°  F.),  or  above, 
it  is  decomposed  into  carbon  dioxide,  water,  ami  me.Usgallin  acid,  CsH4Oj, 
which  remains  in  ihe  retort,  a.s  a  black,  shining  mass,  resembling  charcoal ; 
a  few  crystals  of  pyroeallic  aeid  are  formed  ai  the  same  time.  Metagallic 
acid  is  insoluble  in  water,  but  dissolves  in  albalies,  ami  is  again  precipi- 
tated as  a  black  powder  by  the.  addition  uf  an  acid.  It  forms  insoluble  salts 
iviili  lead  and  silver.  i'yrogallio  acid,  also,  when  exposed  to  the  require 
temperature,  yields  metallic  aeid.  v.-lla  separation  of  water. 


Appnidir  to  Qiiilii'.  AdIiI. 

ititute  the   astringent   principles  of  pV.nls.  and  n- 
widely  diffused,  in  otic-  form  or  other,  I  h  rough    i.be  vegetable  kingdom. 
IS  possible  that  there  may  be  several  disiiucl.  mmiitiealions  of  tannic  aci 
Which  differ  among  themselves  in   some  par  Honiara,     Tbe  astringent  prin- 
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oiple  of  oak-bark  and  n'.it-t^il!-,  fov  cvimple,  is  found  to  p.vcc'piiaie  ferric 
Salts  bluish-black,  while  thai  1'roiii  the  loaves  of  the  sumach  and  tea-plant, 
as  well  as  infusions  of  the  substances  known  in  commotio  under  the  names 
of  kino  and  catechu-,  nvc  remarkable  for  jjcivl  li  uc.  under  similar  ciroum stances, 
precipitates  which  have  a.  rinl  of  green.  The  color  of  a  precipitate  is,  how- 
ever, too  much  influenced  liy  cxlcrnal  causes  to  be  relied  upon  as  a  proof 
of  essentia'  bilferemjc.  Moreover,  the  tannin  acid  or  acids  appear  to  be 
uiioryst.alli/ablo  ;   one  most  valuable  test  of  individuality  is  therefore  lost. 

After  the  rcaeiion  ii'itli  ferric  salts,  the  mosi.  characteristic  feature  of 
tannic  acid  ami  Hie  oilier  astringent,  infusions  referred  to,  is  that  of  form- 
ing insoluble  compounds  wild  a  groal.  variety  of  organic,  and  ospccial'y 
animal  substances,  as  solutions  of  starch  and  (reiatiu,  solid  muscular  iibre, 
skin,  Ho.,  which  then  aciiiiire  ihc  property  of  resisting  putrefaction:  it  is 
On  this  principle  t.lia.t  leather  is  niatiufaclured.  Gallic  acid,  on  the  con- 
trary, is  useless  iit  the  op.Ta:ion  of  (aiming. 

Tannic  Acid  of  the  On!:,  G'lUolamiic  arid,  ('.^LAr — Tliis  substance  may 
be  prepared  by  Poloir/o's  inelhod,  from  nut-i;a.-is,  which  arc  excrescences 
produced  on  the  leaves  of  a  species  of  oak,  tdc  Q/t'jrats  infectoria,  by  the 
puncture  of  an  Insect.  A  glass  vessel, — hai  ing  somev,  ha;  the  f.gurc  o!"  Ilia; 
represented  in  I'm.  1'j.j.  is  luoaelv  stopped  at  its  lower  ex- 
Fig.U&.  tremity  by  a  bit  of  cotton  wool,  and  half  or  two-thirds  filled 
with  powdered  Aleppo  galls.  hither,  prepared  in  the  usual 
manner  by  recti  feat  ion,  aod  containing  as  it  invariably  does 
a  little  water,  is  then  poured  upon  tde  poivdor,  and  the  vessel 
loosely  stopped.  The  liquid,  which  after  some  time  collects 
in  the  receiver  below,  consists  of  two  disi.inct  strata:  the 
lower,  which  is  almost,  colorless,  is  a  very  strong  solution  of 
nearly  pure  tannic  acid  in  water  ;  flic  upper  consists  of  ether 
holding  in  solution  gallic  acid,  coloring  n, alter,  and  other  im- 
purities. The  carefully  separated  heavy  liquid  is  placed  to 
evaporate  over  a  surface  of  oil  id'  vitriol  in  the  vacuum  of  the 
air-pump.  Tannic  acid,  or  tiinnin,  thus  obtained,  forms  a 
slightly  yellowish,  friable,  porous  mass,  without  tde  slightest 
tendency  to  crystallization.  It  is  very  soluble  in  water,  less 
so  in  alcohol,  and  very  slightly  soluhle  in  ether.  It  reddens 
litmus  and  possesses  a  pure   astringent   taste  without  bittor- 

A  strong  solution  of  ii:l-  substance  mixed  with  mineral 
acids  gives  rise  to  precipitates,  which  consist  of  combinations 
of  (lie  tannic  acid  with  tin:  acids  in  question  :  the  compounds 
are  freely  soluble  in  pore  water,  but  nearly  insoluble  in  acid 
liquids.  Gallotannic  acid  precipitates  albumin,  gelatin,  salts 
of  the  vegeto-alkalics,  and  several  other  substances  :  it  forms 
soluble  compound.-  with  the  alkalies,  which,  if  escess  of  base 
be  present,  rapidly  attract  o\\pcu,  and  become  brown  by  de- 
struction of  the  acid;  I  lie  gallolaunatos  of  hurinm,  strontium,  and  calcium  are 
sparingly  soluble;  those  of  had  and  tniiimoit'/  are  insoluble.  Ferrous  salts 
are  unchanged  by  solution  of  r;allo-l:miiio  acid  ;  jt-rric-  suits,  on  the  contrary, 
give  with  it  a  deep  bluish-black  precipitate,  which  is  the  basis  of  writing- 
ink  :  hence  the  value  of  an  infusion  of  tincture  of  nut-galls  as  a  test  for  the 
presence  of  that  metal. 

Gallotannic  aeid,  when  boiled  with  acids,  assimilates  water,  and  splits 
iiilo  gluco-e  ami  gallic  acid: 

3C,iT?06    -|-     CjH^Oo 
Gallic  Glucose. 
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Tlii!  same  reaction  ia!;es  place  on  healing  tannic  acid  with  a  concentrated 
solution  of  potash:  in  (bis  case,  however,  the  sugar  is  further  converted 
into  giucie  acid.  Ki  it -gal  is  contain  a  ferment  which  hull  ices  the  same  de- 
composition of  tannic  acid,  exciting,  ai  the  same  time,  alcoholic  fermenta- 
tion of  the  sugar.  Gallotannie  acid,  prepared  by  the  methods  above  men- 
tioned, still  contains  a  sufficient  quantity  of  the  ferment  to  produce  this 
decomposition  when  the  acid  is  dissolved  in  water,  and  at  the  ordinary 
temperature:  it  ensues,  however,  much  more  vapidly  on  addition  of  nut- 
galls.  If  this  fermentation  takes  place  in  the  presence  of  air,  a  part  of  the 
tannic  acid  is  convened  imo  d!a:jK  ar-itl,  C14IftO,.  Tlio  same  substance  is 
found  in  the  insoluble  residue  fit'  woody  fibre  ami  other  matters  from  which 
gallic  aeid  has  been  withdrawn  by  boiling  water  ;  it  maybe  extracted  by 
an  alkali,  and  afterward  precipitated  by  addition  of  hydrochloric  acid,  as 
a  grayish  insoluble  powder. 

Tannic  acid,  closely  roset;:ldiu;r  (hat.  obtained  f-om  galls,  may  be  ex- 
tracted by  cold  water  from  ctiU-chu :  hot  ivalcv  dissolves  out  a  substance 
having  feebly  acid  properties,  termed  calahin.  This  hitler  compound, 
when  pure,  orystallir.es  in  fine  colorless  needles,  which  melt  when  heated, 
and  dissolve  very  freely  in  boiling  water,  hut  scarcely  at  all  in  the  eold. 
Catechin  dissolves  also  in  hot  alcohol  and  ether.  The  aqueous  solution 
acquires  a  red  tint  by  exposure  to  air,  and  precipitates  lead  acetate  and 
corrosive  sublimate  while,  reduces  silver  nitrate  on  addition  of  ammonia, 
but  does  not  form  insoluble  com  pounds  with  gel  :i  tin,  si-arch,  and  the  vegeto- 
alkalies.  It  strikes  a.  deep  green  color  with  ferric-  salts.  Catechin  when 
heated  yields  pyroealechin,  ur  oxyphcool.  t'6ll6'l,  \\).  oii'2'}.  Catechin  lies 
been  variously  represented  by  the  1'ormohe  ('',,!  I  Lll<)4.  and  CjiljO,. 

Japonic  and  li-jbic  aeh.U  snv  forme. I  by  the  action  of  ulkiiii  in  excess  upon 
catechiti,  the  first,  when  ilie  alkali  is  in  the  caustic  state,  and  the  second 
when  it  is  in  the  state  of  carbonate.  Japonic  aeid  is  a  black  and  nearly- 
insoluble  substance,  soluble  in  alkalies  and  precipitated  by  acids;  it  is 
perhaps  identical  wiili  a  biaek  substance  of  acid,  properties,  which  1'oligol. 
obtained  iiy  healing  e.;':i nc-si:gar  with  barium  hydrate.  Itubic  acid  has 
been  but  little  studied  :  it  is  said  to  form  red  insoluble  compounds  with  the 
earths  and  certain  other  metallic  oxides. 

Several  acids  closely  allied  to  tannic  acid  have  been  found  in  ooffce  and 
Paraguay  tea. 

Opianic  Acid,  C...,ll  ^..O.,  is  a  monobasic  acid,  produced,  together  with,  co- 
tamiue,  by  flic  oxidation  of  narcotine : 

CjjHjjNO,     +    0     =     CIBHMH08    +     CloH,0OB 
Narcotine.  Cotarnine.         Opianic  acid. 

It  cryst.allij.es  in  thin  prisms,  slightly  soluble  Itl  cold,  easily  in  boiling 
water;  also  in  alcohol  and  oilier,  melts  at  14iic  C.  I'iiB-i3  F,).  Caustic  pot- 
ash, convert;.,  ii   into  mecniiin  end  homipinic  acid: 

2Ci0H10Os        =       C10HloO,       +        o,„!r,0os 
Opianic  acid.  Mecouin.  Iletnipinic  acid. 
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their  action  on  polarized  light, —  namely,  DrjnroUirlaric  acid,  which  turns 
the  plane  of.  polarkulitm  Id  I  In:  right  :  /.r:ir>!ii:-iari?.,t,-:rl,  which  turns  it  to  the 
left  with  equal  I'orcie: ;  /V/n'.'.oo;  ■■/■■,  or  limx/iii::  d>:id,  v,  hi  oh  is  optically  inac- 
tive, and  separable  intn  equal  quantities  of  dext.ro-  and  levotartarie  acids; 
and  an  inactive  variety  of  tartaric  acid,  which  is  not  thus  separable. 

Dextb.o'1'aktajiic  ob  Oedikabt  Tartaric  Acid.  —  This  is  the  acid  of 
grapes,  tamarinds,  pirn;  apples,  and  of  several  oilier  iiuit.s,  in  which  it  oc- 
curs in  the  stale  of  an  iicii.l  potassium-salt ;  calcium  tartrate  is  also  occa- 
sionally met  with.  The  tartaric  acid  of  cumin  era:  in  v,  holly  prepared  from 
tartar  or  argol,  an  impure  acid  potassium  larirat.e.  deposited  from  wine,  or 
rather  from  grape-juice  in  the  act  of  fermentation.  This  substance  is  pu- 
rified by  solution  in  hot  water,  with  the  aid  of  a  little  pipe-clay  and  ani- 
mal charcoal,  to  remove  the  coloring  mutter  of  (lie  wine,  and  subsequent 
crystallization:  it  Iheii  eotislilulcs  m«»  of  lur/nr,  and  serves  for  the  pre- 
paration of  the  acid.  The  fait  is  dissolved  in  boiling  water,  and  powdered 
chalk  is  added  as  long  us  effervescence  is  excited,  or  i ho  liquid  exhibits  an 
acid  reaction:  calcium  tartrate  and  neutral  potassium  tartrate  result;  the 
latter  is  separated  from  the  former,  which  is  in  so  In  bio  by  tiltralion.  The 
solution  of  potassium  (nitrate  is  then  mixed  with  excess  of  calcium  chlo- 
ride, which  throws  down  all  the  remaining  acid  in  the  farm  ot  csbMum- 
salt;  this  is  washed,  and  added  (o  the  former  portion,  .itid  tbe  whole  is 
digested  with  a  sufficient  uunui.iiy  ol'  dilute  sulphuric  aoin  in  withdraw  (he 
base,  and  liberate  the  tartaric  acid.  The  filtered  solti'ton  is  ciui'ioualy 
evaporated  lo  a  fjrtipy  eonsisiencc,  and  placed  to  crys'all./e  in  0  worm 
silna.t.ion.  Licbig  lias  lately  found  that  tartaric  acid  i«  «|-;.*".ri«".y  pro- 
duced by  the  action  of  nitric  acid  upon  milk-sugar.  It  may  also  be  ob- 
tained from  succinic  acid. 

Succinic  acid,  C4H604,  when  submitted  to  the  action  of  bromine,  yields 
two  silbslitiiliiiii-proilt'.jls,  brohiosuccinie  acid,  t '..ll.:l'. r(1 ,.  am!  dibromosuo- 
cinic  acid,  C4H,Br204.  The  latter,  when  treated  with  silver  oxide  in  pres- 
ence of  water,  is  convened  into  tartaric  acid  and  silver  bromide,  C^I^Br, 
0,  -f  AgsO  +  HsO  =  Cjli606  4-  2AgBr  (Terkin  anil  Dnppa;  Kekule). 

Tartaric  acid  forms  colorless,  transparent  crystals,  often  of  large  size, 
which  hare  the  figure  of  an  oblique  rhombic  prism  more  or  less  nmdilied; 
they  are  permanent,  in  the  air,  and  inoduroos  ;  ihey  dissolve  with  great 
facility  in  waler,  bol  It  hoi-  and  cold,  arid  avo  soluble  tilso  in  alcohol.  The 
solution  reddens  lii.nnis  strongly,  and  has  it  pure  acid  tasie.  The  aqueous 
solution,  its  above  mentioned,  exhibits  right-handed  polarization.  This 
solution  is  gradually  spoiled  by  keeping.  Tartaric  acid  is  consumed  in 
large  niiiLiilil.ies  by  the  caiieo-pt'intor,  being  enijiloyed  lo  evdve  chlorine 
tVoui  solution  of  bleaching  po«  ■.lee  in  the  prod  tuition  of  v,  hit.e  or  dwlttiry-rd 
patterns  upon  a  colored  ground. 

Tartrate!. — Tartaric  acid  is  tel  ra.iotuie  and  bibasio,  two  only  of  its  hy- 
drogen-atoms being  replaceable  by  inelnls,  Ihe  other  two  by  alcoholic  or 
acid  radicals.  With  mm. ad  metals  ii  forms  acid  and  neutral  salts,  C4II6M' 
Oc,  and  C4H4Ms0„;  with  dvn.d  metals,  netitral  sails,  C,4H.1M"Os,  and  double 
salts,  like  bario-potnstir  toriroH,  V.-.U  jl'.a/'O,. .  CJU-U.V  With  triad  metals 
it  forms  a  peculiar  ciass  of  salts,  best  known  iu  tin;  ease  of  the  antimony- 
ia.lt  (p.  675). 

Potassium  Tabtbaths.  — The  -nailrnl  soli.  (\II.,K  ,06.  ma\  lie  procured  by 
neutralizing  creiim  of  i-arlar  with  chalk,  as  in  the  preparation  of  the  acid, 
or  by  adding  potassium  carbonate  to  ceen  m  of  tartar  to  salutation  ;  it  is 
verv  soluble,  and  crestallisos  wish  difficulty  in  rie'bl  rhombic  prisms,  which 
are' permanent  in  Ih'e  air,  and  have  a  bitter,  saline  taste.  The  add  suit,  or 
cream  of  lar(«r,  l_y  ]fiKOc.  the  origin  and  preparation  of  which  have  been 
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ill  ready  described,  forms  small  iron  sy.a  rem  or  translucent,  yirismatic  crystals 
irregularly  grouped  together,  v.diie:*  grate  between  (lie  teeth.  It  dis- 
solves pretty  freely  in  boiling  water,  but.  the  greater  part  separates  as  the 
solution  cools,  leaving  about  ■ll-|j  or  less  dissolved  in  the  cold  liquid.  The 
silt  has  an  acid  reaction  and  a  four  taste.  When  exposed  to  heat  in  a 
close  vessel,  it  is  decomposiM,  with  evolution  uf  juilainuiable  gas,  leaving  a 
mixture  of  finely  divided  charcoal  and  pure  potassium  carbonate  (black 
flux),  from  which  the  latter  may  be  extracted  by  water.  Cream  of  tartar  is 
almost  always  prod  need  when  tartaric  acid  in  cveess  is  added  to  a  moder- 
ately strong  solution  of  a  potassium -sal!,  and  the  whole  agitated. 

Sodium  Tartrates. — Two  of  these  salts  are  known  — ft  neutral  salt, 
CjII4Nas06  .  2  Aq. ;  and  an  acid  vj//,  C,lI5.NaOe,  Aq,  Both  are  easily  soluble 
in  water,  and  crystal  liznbic.  Tartaric  acid  unit  .sodium  "bicarbonate  form 
the  ordinary  effervescing  draughts. 

T'otambjm  and  sodium  turWuii:  :  Kvcheil-  ur  Seiyw'Jr-  mil,  04lI,KNaO(; .  4  Aq. 
This  beautiful  salt,  is  made  by  neui  ra  I  i /in  a;  with  sodiutn  carbonate  a  hot  so- 
lution of  cream  of  tartar,  and  evaporating  I  u  the  consistence  of  thin  syrup. 
It  separates  in  lavsrc.  Transparent,  pr:-anaiic  crystals,  Hie  faees  of  which 
are  unequally  developed  :  these  eiilorcsoo  -lightly  in  (he  air,  and  dissolve 
in  1J  parts  of  cold  water.  Acids  precipitate  cream  of  tarlur  fi'Om  the  so- 
lution.     Iloehoih:  salt  has  a  mild  saline  r.asio,  and  is  used  as  a  purgative. 

Ammonium  Tautjiates. —  The  wi/rr/i  tiir/rnt,-  is  a.  soluble  and  efflorescent 
salt,  containing  C.W^NII^CVAq.  The  add  tartrate,  C!4H6(NH4)0„  closely 
resembles  ordinary  cream  of  tariar.      A  so.lt.  corresponding  to  Rochelle  salt 

The  tartrates  of  vilr-i'i'ii.,  bnniiin,  xtrrn-.thim,  -.■; ■/■/!;. -.<<'; ■■?.■(,  and  of  most,  of'  the 
heavy  metals,  are   insoluble,  or  nearly  so,  in  water. 

POTASStO-ANTlii<mous  Takthatk,  or  P.trUtr  ew.tiir,  is  easily  made  by  boil- 
ing antimony  f.rki'udc  in  Solution  of  cream  ot'  tartar.-  it.  is  deposited  from 
a  liot  anil  concentrated  solution  in  crystals  derived  from  an  octohodiiui 
with  rhombic  base,  which,  dissolve  without  decomposition  in  15  parts  of 
cold  and  3  of  boiling  water,  ami  nave  an  acrid  and  extremely  disagreeable 
metallic  taste.  The  selucion  is  decomposed  by  both  acids  and  alkalies:  the 
former  throws  down  a  mixture  of  cream  of  tartar  and  antimony  trioxide, 
and  the  latter  the  trios  Me,  which  is  attain  di-soh  ml  by  great  excess  of  the 
reagent.  Sulphuretted  hydrogen  separates  all  the  antimony  in  the  state 
of  trisulphide.  The  <li-v  sa.ii  b  eat  ml  on  charcoal  before  the  blow  pi  oo,  yields 
a  globule  of  metallic  antimony.  The  crystals  contain  ar,H4K(SbO)Os.  Aq., 
the  group  SbO  noting  as  a  univalent,  radical,  anil  replacing  one  atom  of  hy- 
drogen. When  dried  a  I.  !  i'KF,  tln-v  siive  otl'  their  water  ol  c  rvsi.al  I  i  nation,  and 
at200°C.(3!)2DF.i,  an  additioua'l  'molecule  of  water,  leaving  the  compound 
C4HjKjSbO)Os,  which  1ms  the  constitution  of  a  salt,  not  of  tartaric,  but  of 
tar  (.relic  acid,  CjHjO..  Nevertheless,  when  dissolved  in  water,  the  crystals 
again  take  up  tlie  elements  of  water,  and  reproduce  the  original  salt. 

An  analogous  compound,  eoHtaiuiujj  arsenic  In  place  of  antimony,  has 
been  described.      Ithas  the  sa.me  crystalline  form  as  tartar  emetic. 

A  solution  of  tartaric  acid  dissolves  ferric  hydrate  in  large  quantity, 
forming  a  brown  liquid,  which  has  an  acid  reaction,  ami  dries  up  by  gentle 
heat  to  a  brown,  trjnsuitreut.  glassy  sub-tancc,  destitute  of  all  traces  of 
crystallization.  It  is  very  soluble  in  wa.ie.r,  and  the  solution  is  not  preci- 
pitated by  alkalies,  cither  iixod  or  volatile.  Indeed,  tarlaric  acid, added  in 
sufficient  quantity  to  a  solution  of  ferric  oxide,  or  alumina,  entirely  pre- 
vents the  preoipitaiion  of  l.bc  bases  by  execs-  uf  anuuenht.  Tartrate  and 
aminouiacal  tart-rale  of  iron  are  used  in  medicine,  these  compounds  having 
ii.  Ittj  uiiitjjrsitul.ils;  taste  than  most  of  the  iron  preparations. 
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Solutions  of  tartaric  acid  jfive  ivirli  linn:  and  baryta-water,  and  with  lead 
acetate,  whits  proolpilat.es,  which  dissolve  in  excess  of  the  acid  ;  with  neu- 
tral calcium  and  barium-iyalts  no  ehaii;;"  is  produced.  Silver  nitrate  pro- 
duces in  neutral  tartrates  :i  white  precipitate  of  silver  tartrate,  which  dis- 
solves, in  ammonia.  On  gently  limiiiitjc  the  solution,  a  brigln  me.Tallic  de- 
posit of  silver  is  formed.  Tlic  reaction  of  l.actaric  acid  with  solutions  of 
p ota s»ium- salts  has  been  already  noticed  (p.  299). 

Tartaric  Ethers. — ■].  Tartaric  add  forms,  with  monatomic  alcohol-radi- 
cals, acid  and  neutral  ethers,  in  which  one  or  both  of  the  atoms  of  tittle  hy- 
drogen in  its  molecule  is  replaced  by  ;m  aloc-hut-radical.  These  compounds 
may  be  conveniently  furmjlateJ.  us  follows: 


Tartario  acid.  Acid  ethyl  tartraie.      Neutral  ethyl  tartrate. 


The  aeid  ethers'  are  monobasic  acids,  formed  liy  the  direct  action  of  tar- 
taric acid  on  the  respective  alcohols  ;  llie  neutral  ethers  are  formed  by 
passing  hydrochloric  acid  gas  into  a  solution  uf  tartaric  acid  in  an  alcohol. 
Further,  by  treating  these  neutral  ethers  with  chlorides  of  acid  radicals, 
oilier  neutral  ethers  arc  formed,  in  w  hich  one  or  more  of  the  alcoholic  hy- 
drogen-atoms are  replaced  by  a.cid  radicals.*  In  this  manner  are  formed 
such  compounds  as  the  following: 

f  OH  f  0CsII30       ,r  H  ,,,  f  (OH), 

(CjiyJ  OC,H,0  (CSHS)™.   <)(',!lsO         -4^:    J  (O^fi-,0,)" 

I  (CO^HjJj  (.  (COsCjH5l,  (l'*H«>  [  (<XM',II5)4 

Ethyl  ace  to- tartrate.  Ethyl  aeeto-benzo-  Ethyl  succino- 

The  alcoholic  hydro  sen  ::i  tbcs.e  ijcul  ra:  others  i:.ny  be  replaced  by  potas- 
sium and  sodium. 

2,  There  are  also  liUxurie  lartark  c-'hers  formed  by  replacing  the  alcoho'ic 
hydrogen  of  tartaric  acid  with  acid  radicals ;  c.  g. : 

'"■"''"{(Sgi"     (W'fSf"    <«»{(co$), 

Bemotartaric                   Di  ace  tola  rta  rie  Dinitro  tartaric 

acid.                                 acid.  acid. 

3.  Lastly,  tartaric  acid  firms  ethers  with  glycol,  glycerin,  mannite,  glu- 
oose,  and  other  polyatomic  alcohols. 

Action  of  heat  on  Tartaric  Arid.  —  Whet!  crystallized  tartaric  acid  is  ex- 
posed to  a  temperature  of  about  2iH°C.  VtfM'  I'.),  it  melts,  loses  water,  and 
yields  in  succession  three  iliil'ereni  anhydrides,  -via.: 

Ditartarie  or  Tarl.ralie  acid  .  .  CgHnOjj  =  2C4H„06  —  lifi 

Tartrelic  acid    .        . 1  Q  „  „     _  H  0 

Insoluble  turtarie  anhydride  .       /  ^i"4^6  ^400  2 

The  first  two  are  .soluble  in  water,  and  form  anils  which  have  properties 
completely  different-  from  those  of  ordinary  tartaric  acid.  The  third  is  a 
white  insoluble  powder.  All  three,  in  contact  with  water,  slowly  pass  into 
ordinary  tartaric  acid. 

Tartaric  acid,  subjected  to  destructive  distillation,  is  resolved  into  car- 
bon dioxide  and  pyrolarlario  acid,  CaHr.04. 

When  tartaric  acid  is  heated  to  aii-iV-  C.  (400°  F.),  with  excess  of  potas- 

'  2'a-ldn,  Chisin.  Sou,  Jour.  [2],  v.  139, 
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slum  hydrate,  il.  is  resolved,  without  e  'sistvrini;  or  secondary  decomposition, 
iiil.ii  oxalic  .and  acetic  acids,  which  remain  in  union  iv3s.li  the  base,  and  only 
iiii.iicr^o  decomposition  sit.  si  much  higher  temperature: 

Om     +     2KHO    =    C.KHO,     +     C,H,KO,    +     2011., 
.Tartaric  Acid  polas-        Potassium 

acid.  slum  oxalate.         acetate. 

PABATAETAn.ro  oti  Rackkiu  Aoid. — The  grapes  cultivated  in 
Iriets  of  the  Upper  Rhine,  and  also  in  the  Vosges,  contain,  in 
with  tartaric  acid,  another  aoid  body  lo  which  the  above  names  are  given. 
This  twiil  is  rather  loss  soluble  t.hsiti  larisirie  acid,  and  separates  first  frosn. 
the.  ■iiiLniirjii  of  that,  substance.  Between  these  two  acids,  however,  n  very 
prosit  rosotuli!:inoo  exists;;  they  have  cxnelly  the  same  composition,  siml. 
yi.-i  I,  when  exposed,  in  heal,  tins  same  products;  I  he  salts  of  ru.'cssiic  act. I 
correspond  also,  in.  the  closest  manner,  with  the  tartrates.  A  solution  of 
raocssiic  ;!lL!J:l,  however,  precipitates  a  neutral  calcium-salt,  which  is  not  the 
case  with  tartaric  acid.  A  solution  of  racctuic  acid  does  not  rotate  the 
plane  of  polarization. 

Racemic  acid  has  been  the  subject  of  some  exceedingly  interesting  re- 
searches by  H.  Pasteur,  which  have  Ihrowu  much  light  upon  the  ivhuion 
(if  this  acid  to  tartaric  aoid.  If  rucomic  acid  be  saturated  with  polash,  or 
so  In.  or  ■■villi  insist  other  bases,  crystals  arc  obtained,  which  are  identical 
i:i  form  and  physical  rieopcr'ies.  liy  sal  uniting  ruccmie  aeh.L  however, 
with  two  buses,  by  formine;.  fur  ins'uncc,  compound-  corresponding  to 
Roehelle  ault,  which  is. m tain  piis.is-iiiin  iu.i.t  so'liisrn,  or  n  nun  on  I  tun  an  tl  so- 
dium, and  allowing  tiro  solution  10  crystalline  slowly,  two  varieties  of  crys- 
tals are  produced,  which  may  ha  distinguished  by  their  form,  each  of  them 
coulalniti-  hom.lhe:lr:il  faces  (».  th'idj.  equal  in  number  and  exactly  similar 
in  form,  but  developed  on  opposite  sine-  of  flic  [wo  crystals,  so  unit  each 
of  this i u  ui  i y  be  rcg  arded  sis  (he  re. Heist  is u  imnge  of  the  ol  her,  or  sts  righr- 
haudesi  and  ie  ft- handed.  If  the  two  kinds  of  crystals  sire  carefully 
selected  sisi  1  separately  ci'ys:.i.lli/eil,  crystals  uf  the  one  variety  only  are 
deposited  in  each  case.  The  composition,  lite  speciiio  gravity,  and,  in 
fsiei,  most  of  the  physisssil  properties  of  these  tivo  varieties  of  sodio-potas- 
sie  rac  mine,  sire  invariably  the  same  They  differ,  however,  somewhat  in 
their  chemical  characters,  a.nd  especially  in  one  point:  they  rotate  the 
plane  of  polarization  in  opposite  directions.  Pasteur  assumes,  in  the  two 
varieties  of  crystals,  the  existence  of  two  mollifications  of  the  same  acid, 
which  he  distinguish es,  according  us  I  lie  -ill  possesses  right-  or  left-handed 
polarization,  by  the  terms  ih-.yj.fi-eifrm'r:  ami  tci:o-f'.ic<:/n.ic,  or  dtxtro-  and 
levo-Uirtarii;  itclih.  These  acids  may  he  separated  by  con  verting  the  above 
compounds  into  load-  or  barium-salts,  anil  decomposing  thern  by  means  of 
sulphuric  acid.  In  this  maimer  two  crystalline  acids  are  obtained,  identi- 
cal in  every  respect,  excepting  in  their  deportment  with  polarized  lights 
and  in  their  crystal*  being  rclal  ed  to  each  oi  her  in  the  manner  above  men- 
tioned. Dcxi.ro  (ar  I  arse  acid  is  nothing  but  common  tartaric  acid.  A  mix- 
ture of  equal  parts  of  the  two  acids  has  no  longer  the  slightest  effect  on 
polarized  light,  and  exhibits  in  enscv  respect  the  deportment  of  racemic 
acid. 

Pasteur,  in  continuing  his  betiuiifu'.  researches,  has  also  made  the  impor- 
tant discovery  thai  racemic  acid  may  be  a  rti  tic  hilly  produced  by  the  action 
of  heat  upon  certain  compounds  of  tartaric  acid  which  tire  capable  of  re- 
sistiog  a  high  temperature.  When  tartrate  of  cinchonine*  or  tartaric 
ether,  is  exposed  to  a.  temperature  of  a-bour  1  70=  (.'.  iX-li?-  E'.),  and  the  product 
thus  formed  is  repeatedly  boiled  with  wafer,  a  solution  is  obtained,  which, 
when  mixed,  after  cooling,  with  an  excess  of  calcium  chloride,  yields  a  con- 
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S-idoraKle  precipitate  of  oaleium  vaccinate.  Compound;  of  levo tartaric  acid, 
when  suli mil. t.eil  to  the  action  of  heal,  likewise  furnish  racemic  acid.  The 
formation  of  racemic  acid  in  these  reaction*  is  accompanied  by  the  pro- 
duction of  a  fourth  modification  'if  I :i ri ;ti-ic  acid,  which  Pasteur  caila  inac- 
tive tartaric  acid.  Like  racemje  acid,  it  hus  no  action  on  polarized  light, 
hut  cannot,  like  tin.'  latter,  be  resolved   into  levo-  and  de;itrotartaric  acid. 

Rhodizonic  Aoid,  ('BII4O0. — When  potassium  is  Invited  in  a  stream  of  dry 
carbon  monoxide,  the  la.iler  is  absorbed  in  large  quant ily,  and  a  blitek  por- 
ous substance  generated,   which,   according    to    Jivodio,    contains   COKs. 

Brought  in  conta.cl  with  water,  it  decomposes  with  ;rreat  violence,  and 
even  the  dry  substance  occasionally  explodes;  tvhen  anhydrous  alcohol  is 
pourod  upon  it,  a  great  e'eval.ii.m  of  temperature  ensues,  but.  tho  decompo- 
sition is  far  less  violent  than  with  w  at  or.  The  product  of  this  reaction  is 
potassium  rhodizonrtlc,  which  remain*  as  a  red  powder,  insoluble  in  alco- 
hol, but  soluble  in  water  with  n  deen  red  color.  This  salt,  probably  con- 
tains C5H5K2O0, 

When,  solution  of  potassium  rhodinonafe  is  boiled,  it  becomes  orange-yel- 
low from  decomposition  uf  the  neid,  and  is  then  found  to  contain  a  free 
potash,  and  a  salt,  of  Crnsomc  acid.  (.'.H.A,-  This  acid  can  be  isolated  :  it- 
is  yellow,  easily  eryst-alii/.able,  so  id  bit  "both  in  water  and  alcohol.  It  is 
likewise  Dibasic. 


TETRATOMIC  AND  TRIBASIC  ACIDS. 

Citric  Aoid,  CjIIgO.. — Tiiis  acid  is  obtained  in  large  quantities  from  the 
juice  of  lemons :  it  is  found  in  many  other  fruits,  as  in  gooseberries,  cur- 
rants, &c.,  in  conjunction  with  malic  acid.  In  the  preparation  of  this  acid, 
the  juice  is  allowed  to  ferment-  a  short  time,  in  order  that  mucilage  and 
other  impurities  may  separate  and  subside :  the  clear  liquor  is  then  care- 
fully saturated  wit.li  chalk,  whereby  insoluble  calcium  citrate  is  produced. 
This  is  thoroughly  vrashod,  dec posed  by  the  proper  quantity  of  sulphu- 
ric acid,  diluted  wii.li  water,  and  (he  filtered  solution  is  evaporated  to  a 
small  bulk,  and  left  to  crystallize.  The  product  is  drained  from  the 
mother- liquor,  redissolvod,  digested  with  animal  charcoal,  and  again  con- 
centrated to  the  crystallizing  point. 

Citric  acid  cryslalim-s  in  tv.-o  ditl'crem  forms.  The  crystals  which  sepa- 
rate by  spontaneous  evaporation  from  a  cold  saturated  solution,  are  tri- 
metric  prisms,  containing  [yisOT.  Oil.,,  whereas  those  which  are  deposited 
from  a  hot  solution  have  a  diliercnt  form  and  contain  -CG1TS0,.  OIf2.  —  Ci- 
tric acid  lias  a  pure  and  agreeable  aeid  taste,  and  dissolves,  with  great  ease, 
in  both  hot  and  cold  water:  the  solution  strongly  reddens  litmus,  and, 
when  long  kept,  is  subject  to  spontaneous  change.  Citric  acid,  when 
brought,  in  contact  with  putrid  flesh  as  a.  ferment,  yields  butyric  acid  and 
small  quantities  of  succinic  acid,  it  is  oni-iieh'  decomposed  when  heated 
with  sulphuric  and  nitric  acids:  the  hitter  converls  it  into  oxalic  acid. 
Caustic  potash,  at  a  high  temperature,  resolves  it-  into  acetic  and  oxalic 
acids.  The  alkaline  eitrates,  treated  willi  eldorino.  yield  chloroform,  to- 
gether with  other  products. 

Citric  acid  is  tetralomic   and   Iribasic,  and   inav  be   represented  by  the 

formula   (W  { g^   »  ff-  { %         '     K   h"    «*   7*    *™    <*" 

tained  by  any  synthetical  process.      With  pltassium  it  forms  a  neutral  salt 
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containing  CJ-LKjO,.  and  two  acid  sails  containing  respectively  CglljKjO, 
andC6H,K07;  and  similar  fairs  with  the  oilier  alkali-metals.  With  dyad 
metals  it  chiefly  forms  .-alts  in  which  Uvn  or  three  hydrogen-atoms  in  the 
molecule  C6iis0T,  are  replaced  bv  met.als  t  ivit.ii  calcium,  for  example,  it 
forms  the  sails  Ctil6C«"0, .  Aq.,  and  (C^O^Ca",  .  Aq.  With  lead  it  forma 
two  salts  similar  in  constitution  to  rim  calc;uui-sa!(s.  ami  likewise  a  tetra- 
pltimliio  salt  coulaiimia;  j^ll  tj_).l'li"3.  YVllfir 

The  citrates  of  the-  o.ll;uU-mHvh  urn  soluble  and  crystallize  with  greater 
or  less  facility!  those  of  barium,  atron.lbiiii,  atttinni,  lead,  and  silver  are  in- 
Soluble. 

Citric  acid  resembles  tartaric  aeid  in  its  rolat ions  to  ferric  oxide,  pre- 
venting the  precipitation  of  that,  substance  by  excess  of  ammonia.  The 
citrate  obtained  by  dissolving  hydrated  ferric  oxide  in  solution  of  citric 
acid,  dries  up  to  a  pale-brown,  transparent,  amorphous  mass,  which  is  not 
very  solublo  in  water;  an  addition  of  ammonia  increases  the  solubility. 
Citrate  and  ammonia-citrate  of  iron  am  elegant  medicinal  preparations. 
Very  little  is  known  respecting  the  composition  of  these  curious  com- 
pounds :    the  absence  of  cry  stall  i/ai  i'Mi  is  a  t_»roa!  bar  to  exact  inquiry. 

Citrio  acid  is  sometimes  adulterated  with  tartaric  acid:  the  fraud  is 
easily  detected  by  dissolving  the  acid  in  a  little  cold  water,  and  adding  to 
the  solution  a  small  quanlily  of  potassium  acetate.  Tf  tartaric  acid  be 
present,  a  while  crystalline  precipitate  el"  cream  of  tartar  will  be  produced 
on  agitation. 

Citric  acid  forms  ethers  it:  which  1.  _.  or  ?.  hydrogen-atoms  are  replaced 
liy  methyl  and  other  monad  alcohol-radicals. 

Hsconie  Acid,  C71I40,,  a  tribasio  acid  existing  in  opium,  may  also  be  de- 
scribed here.  To  prepare  it,  the  liquid  obtained  by  exhausting  opium 
with  water,  is  neutralised  with  powdered  marble  and  precipitated  by 
calcium  chloride;  and  the  calcium  mecounle  thus  precipitated  is  sus- 
pended in  warm  water  ami  treated  with  hydrochloric  acid  ;  on  cooling,  im- 
pure meconic  acid  crystallizes,  which  may  be  purilicd  by  repeated  treat- 
ment with  hydrochloric  acid.  The  pure  acid  crystallises  in  mica-like 
plates,  easily  soluble  in  boiling,  difficultly  soluble,  in  cold  water,  soluble 
likewise  in  alcohol.  The  crystals  contain  C,il407.  3  Aq.  and  give  off  their 
water  at  100°.  The  uuciiii.-iies  are,  for  the  nicst.  pari,  uttiuo-  and  M-metal- 
lie.  There  are  two  silr-n-  iimoii'itin,  one  yellow,  containing  C,HAg,0T;  the 
other  white,  consisting  of  i'.fl.,Ae;n..  Jloconic  acid  produces  a  deep  red 
color  with  ferric  salts. 

CowENtc  Acm,  t'tH|<\,  is  a.  product,  of  decomposition  of  meconic  acid. 
When  an  aqueous,  or.  better,  a  hydrochloric  solution  of  meconic  acid  is 
boiled,  earb'iu  dioxide  is  evolved,  and  the  solution  now  con.i-.-i it: .  eomrnie 
acid,  which  crystallizes  on  cooling,  being  very  diilienitLy  soluble  in  cold 
.me  acid  may  be  obtained  by  healing  meconic  ae'el  i.o  '1W"  \\. 
'i    bibasie;    its  formation  is   represented    by  the  equation 


(392°   P.).      II   is    bibasie. 
C,1140,  =  C0H4Os  -f  COa. 


PvnoMECONIC  or  I'viioctraEsir  Aunt,  Cslt,0...  is  a  monobasic  neid,  formed 
lay  submitting  cither  eotneuic  or  moronic  acid  in  dry  distillation,  one  mole- 
cule of  carbon    dioxide  being   evolved    it!   the   former  case  and  two  in  the 

Pyrooomenie  acid  is  a  weak  acid:  ii  is  soiublo  in  water  ami  alcohol: 
from  these  solutions  it  fuvsi nlli/os  in  long  colorless  noedies,  which  melt  :d 
120°  C.  (248°  P.),  :tnd  begin  io  sublime  at  the  boi'lng  point,  of  water.  Both 
BOUienio  and  pyroeo mottle  acids  e -rid  hit  tin'  red  eolorai  inn  with  ferric  salts. 

The  salts  of  mecotiie  acid  tttnl  eomenic  acid,  lordlier  with  several  deriva- 
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tives  of  these  substances,  have    been  sinaiicd  by  Mr,  How,*  but  our  apace 
will  not  permit  us  to  describe   these  compounds. 

An  a,oid  muck  resembling  niiiponli:  acid  mis  been  extracted  from  the  CVie- 
lill'iniuia  miijus:  it  is  onmbineu  ui:li  lime,  and  associated  with  malic  and 
fumaric  adds,  Chelidonic  acid  is  tribasie,  forming  three  classes  of  salts. 
When  exposed  to  a  hiu'a  i.i>miii.!i-a1  n i-n,  ir  yields  a  ji yro-aeid,  with  evolution 
of  water  and  carbon  dioxide.  It  crystallite:.;  i:i  slender  colorless  easily  sol- 
uble needles,  containing  €,n405  .  Aq. 


PENT  ATOMIC  ACIDS. 
There  is  but  one  known  acid  that  cun  be  referred  to  this  group,  namely : 
Quinic  or  Ktiiic  Acid.  '■% ' ' i..1  ',i-  which  is  monobasic,  and  may  perhaps  be 
represented  by  the  formula  (CaH,)*  '  J,q  ff.— The  calcium-salt  of  this  acid 
is  found  In  the  so: u: ion  fmm  which  the  nl kali i"  nf  ehicliona  bark  have  been 
separated  by  lime,  and  is  easily  obrained  by  evaporation,  and  purified  by 
animal  charcoal.  From  the  caieitmi-Hiit  the  avid  may  be  extracted  by  de- 
composing it  with  dilute  sulphuric  acia.  The  clear  solution  evaporated  to 
a  syrupy  consistence  deposits   lavfto,  distinct,  crystals,  resembling  those  of 

found  in  co Ifee -berries  and  in  I  ho  'leaves  of  I  lie  bilherry-bush. 

When  quinic  acid  is  heated  with  a  mixture  of  sulphuric  acid  and  manga- 
nese dioxide,  it  yields  n-  very  volaiile  substance  teianed  t/t/hitme,  the  vapor 
Of  Which  is  exceedingly  irriLatmjr  In  the  eye;-.  This  body  forma  Crystals, 
both  by  sublimation  and  by  soli::hm  in  hoi '.lug  water:  it.  melts  at  a  gentle 
heat,  crystallize-!  on  cooling,  colors  llie  skin  poriiiiiiieiit'y  brown.  It  con- 
tains C8l-i40,,  and  its  formation  is  represented  by  the  equation: 
C,H1E0„     -f     0,    =    C,H40,     +     C02     -j-     411,0, 

By  destructive  disi  i'.ia'ion,  quniie  acid  yields  numerous  and  interesting 
products,  which  have  been  studied  by  Wuhler,  as  benzoic  acid,  phenol,  sa- 
licylol,  benzene,  a  tarry  substance  m,i  examined,  and  e-uUirltts  liydrugninont., 
C6IlBOj,  containing  2  atoms  of  hydrogen  more  than  qninoue.  This  sub- 
stance  forms  colorless  six-sided  prismatic  crystals  ;  it  is  neutral,  destitute 
of  taste  and  odor,  fusible,  una  easily  soiulilo  tiorh  in  water  and  in  alcohol. 

Colorless  hydroquinone  can  bo  easily  and  directly  produced  from  qui- 
none  by  assimihitioti  of  hydrogen,  a-  by  addiin.  n  of  bvdi'iodic  acid  to  a  so- 
lution of  the  latter,  iodine  being  then  set  free,  or  by  sulphurous  acid. 

An  intermediate  product  o:  reduction  is  grn.ii  l-'idi-oquinone,  or  gtiirihy- 
dronc,  C^H^Oj.  This  is  obtained  by  the  iiit-uiupioie  action  of  sulphurous 
acid  upon  qtiiuoue,  or  by  the  action  of  ferric  chloride,  chlorine,  silver  ni- 
trate, or  chromic  noil,  tt^oti  Colorless  hydro  qui  none  ;  or  by  mixing  together 
solutions  of  qninoue  and  colovles-i  liydroquiitonc.  It  forms  slender  green 
crystals,  having  the  color  of  the  wing-case  of  the.  vose-beetle,  and  of  the 
greatest  brilliancy  and  beauty.  It  is  fusible,  has  but  little  odor,  and  dis- 
solves freely  in  boiiine;  water,  crystalli/hi;-  out  on  cooling. 

If  quinic  acid  lie  siib:ni-tod  in  di-ui  ilaiiniL  wit  I;  an  ordinary  chlorine-mi  \- 
ture,  an  acid  liquid  and  a  crystalline  sublimate  are  formed.  The  former 
is  a  solution  of  formic  acid,  and  the  hitler  a  mixture,  of  four  chlorinetted 
compounds,  which  are  ohloroqiiim.me,  C.-ll/ilCV,  uicliloroquinone,  CcHjCl,0„, 
ti'ichloroquinone,  C6IIG13(*„,  and  tetraciiloroqninoiie,  CSL'1.(0.,.      They  are  all 
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yellow  crystalline  stilisi.nnecs,  which  can  be  separated  only  with  great  diffi- 
culty. Like  qui  none  it  self,  they  possess  (.lie  I'm- illy  of  combining  ivii.h  1.  or 
2  items  of  hydrogen.  producing  iwo  series  of  substances  analogous  lo  green 
and  colorless  hydroquinone.  Teiraeblorofpiini.ne,  boater  known  by  the 
naine  chlm-an/L  likewise  occurs  among  the  products  of  decomposition  of 
indigo. 


HEX  ATOMIC  ACIDS. 

Three  acids  of  this  class  .ire  known:  namely,  mannitic,  saccharic,  and 
uiueie  acids,  all  of  which  appear  to  he  bibasic. 

Mannitic  Acid,  C„H,30„  is  produced  by  oxidation  of  mannitc,  C,HuO, 
under  tho  influence  oi'  platinum  blue);.  1.1.  is  a  gummy  mass,  soluble  iu 
water  and  in  alcohol,  insoluble  in  eilici.  According  to  its  constitution 
(p.  573)  it  might  be  expected  lo  .be  luonol.insic.  but  from  the  observations 
of  Gorup-Besatio/,  who  discovered  it..*  it  appears  to  bo  bibasic,  its  potas- 
sium-salt containing  LJl.Jv.O..  ami  (.lie  calcium -salt..  rtM10Ca/'O,. 

Saccharic  Acid,  C6H,0O6  =  (C4H,)"{  \qq^  .  —  This  acid  is  produced 
by  the  action  of  dilute  nitric  acid  on  cano-sug'i  i\  glucose,  milk-sugar,  and 
mannite,  and  is  often  formed  iu  I  he  preparation  of  oxalic  acid,  being,  from 
its  superior  solubility,  found  in  the  inoi  ber-hqiinr  from  which  the  oxalic 
acid  has  crystallised.  It.  may  be  lende  bv  hentir.g  togc(  hev  1  part  of  sugar, 
2  parts  of  nitric  acid,  and  10  parts  of  water.  IV lien  the  reaction  seems 
terminated,  the  acid  liquid  is  diluted,  neutralized  with  chalk,  and  the  fil- 
tered liquid  is  mixed  with  lead  acetate.  The  insoluble  lead  saccharate  is 
washed,  and  decomposed  by  sulphuretted  hydrogen.  The  acid  slowly  crys- 
tallises from  a  solution  of  syrupy  consistence  in  long  col  or!  ess  needles ;  it 
has  a  sour  taste,  and  form?  soluble  suits  with  lime  and  baryta.  "When 
mixed  wit.ii  silver  nitrate  it  gives  no  precipitate,  hut,  on  the  addilion  of 
ammonia,  a  white  in  so  lull 'c  substance  separnre,-,  «  hich  is  reduced  by  goully 
warming  the  whole  io  meta'.lic  silver.  Ilic  vessel  being  lined  with  a  smooth 
and  brilliant  coating  of  the  metal.  Xi-.ric  i:ci:l  converts  saccharic  into  oxalic 
acid. 

There  are  two  pniirs.ii-im  .™v.W  :■!.''«,  conciiniug  ('V's'^'-'s  and  C6H3Ka0B: 
the  silver-salt  contains  ri.ll,..ls.,l)1, ;    tbe  la:  inc    and  cadmium 

salts  have  the  com posi  lion  t'i!liM','0  :  and  there  are  i  v,  o  alriiUe.  ethers,  contain- 
ing C9H„(CjH5)Os  and  ('.d-t.^'fJljiJ),  In  these  compounds  saecharic  acid 
appears  to  he  bibasic,  as  might  be  expected  from  its  mode  of  formation 
(p  573) ;  the  composition  of  the  load-salis,  however,  seems  to  show  that  it- 
is  soxbasio  as  well  as  iiexatoniic,  for  llciuu  bus  obtained  a  lead-salt  con- 
taining C^fljl'b'^Oj;  but  i  he  com  posi i  ion  of  the  load  sneeharat.es  varies  con- 
siderably according  to  the  manner  in  which  they  are  prcparod. 

Mucin  Acid,  CeII]riOfi. — This  in;  id.  isomeric  with  saccha  lie  acid,  is  produced, 
together  with  a  small  quantity  of  oxalic  acid,  by  I  he  action  of  rather  dilute 
nitric  acid  on  sugor  and  gum.  It  may  be  easily  prepared  by  heating  to- 
gether in  !i  flask  ur  retort,  1  part  of  milk-sugar  or  gum,  1  pans  of  nitric 
acid,  and  1  part,  of  water;  the  niucic  acid  is  afterwards  collected  upon  a  filter, 
washed  and  dried.  It  has  a  slightly  sour  taste,  and  reddens  vegetable 
*Ann.  Ch.  Pliarm.cxviii.25T. 
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colors.  It  requires  l'ov  soluihm  ofi  parrs,  of  boiling  water.  Oil  of  vitriol 
dissolves  it,  ivii.ii  production  of  a  red  colnr.  Mimic  acid  is  decomposed  by 
Lout,  yielding,  among  other  products,  pttroihtifk  muJ,  l'JI<Os,  which  is  vola- 
tile, soluble  ill  inii-r,  and  erysta!j/.cs  in  a,  t'orsis  i-rsoTnb'ling-  that  of  benzoic 

Mucic  acid  is  bibasie.  vieldiiit:  fm-  (lie  mosl  pitrt  neuintl  salts  containing 
C8II8MjOaand  C6HfM"(>e;  with  the  alkali-metals  it.  also  forms  acid  salts, 
such  as  C(H91C08.  There  sire  also  mucie  others,  containing  uue  uud  two 
equivalents  of  uiouad  alec  hoi- radical. 


STJLPHO-ACIDS. 

Tilts  name  is  applied  to  a  "roup  of  acids  fnrnied  I'roiu  Hydrocarbons,  al- 
cohols, acids,  and  amides.,  by  the  action  or'  fiLinin^  sulphuric  acid  or  sul- 
phuric oxide.  They  contain  the  elements  oi'  a  hydrocarbon,  an  alcohol,  or 
an  acid,  combined  with  one  or  two  molecules  of  sulphuric  oxide,  and  may 
be  regarded  as  derived  from  bvdrimiiHmus,  alcohols,  and  acids  by  substitu- 
tion of  the  univalent  radical,  SOjH,  for  hydrogen;  thus,  sulph  ace  tic  acid, 
CJi.fiO  .  lias  ihi'  composition: 

HSC— S— 0— 0— OH 
0,11,0.. .  SO,.  oi'C7I...'SOJT;.CO,Il,  or  | 

"    "    "  0  =  C— OH. 

The  sulphur  in  these  acids  is  in  immediate  eutnhinntiun  with  the  carbon; 
in  this  respect  thov  diner  from  sulphuric  others  (p.  iJOftj,  in  which  the 
sulphur  is  united  with  carbon  only  Ihr'.ugb  iho  modi  mil  of  oxygen. 

Siilphacetio  Ann  is  produced  by  digesting  ednc-ia;  acetic  acid  with  sul- 
phuric oxide  at.  6IJ°-7SD  C.  (1-1()°-Ui7°  ¥.)  for  several  days.  Tin;  aqueous 
solution  of  the  mass  saturated  wil.li  barium  or  lead  enrbonalo  deposits  a 
crystalline  barium  or  lead  sail,  enuhiiuiii-  lo.spnd  ivelv  (.'.,II.,Ha"SO.  .  1}  Aq. 
and  C.HjPb"S05.  Prom  these  salts  the  acid  may  be  obtained  by  means 
of  sulphuric  or  sulph-hydrio  aeid.  11  is  bibasio,  since  it  contains  two  equiv- 
alents of  hydroxy  1  in  immediate  association  with  oxygen,  one  belonging 
to  the  group  CO,ll,  the  other  to  the  group  S0S1I. 

When  sulphucetie  acid  is  subjected  to  the  prolonged  action  of  fuming 
Sulphuric  acid,  carbon  dioxide  is  evolved,  and  r/i,iui/i/i::7>^liolic  or  methionic 
add,  CHjfSOjJj,  or  Cll  ,:,S0,fl'l.;,  is  funned,  which  is  also  bibasio,  and  maybe 
derived  from  methane','!'!].,,  by  substitution  of  2blOall  for  Hs.  The  product 
diluted  with  water  anil  saturated  with  barium  carbonate,  yields  a  beauti- 
fully crystallized,  and  rather  spariudy  soluble  barium-salt,  containing 
CH,SaOaBa";  from  this  salt  the  aeid  may  be  separated  by  sulphuric  acid. 

Both  sulphacetic  and  disiilpiiomei  ho'lio  acids  maybe  produced  by  the 
action  of  fuming  sulphuric  aeid  on  oeel.amide  or  on  aeetonitrile,  the  former 
when  the  mixture  is  kept  cool,  the  laller  when  the  temperature  is  allowed 
to  rise,  carbon  dioxide  being  then  given  off;   thus: 


C2HSN 

cloui.li-:' 

+ 

OH,     -|- 

'->Si),H. 
Sulphur. 

=     S04H(N114)      + 
0             Acidam- 

sulpimte. 

r.,ir,s 
Sulpha 

0,H,K    + 

el.on:ii-i.e. 

swy-i. 

=  so< 

llCNH,}     +     CH.SjO,     +     CI 

met.liolic  acid. 
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With  acetatnide,  CjyiNTI,,  which  differs  from  a  tvjtou  it-vile  on!y  by  the 
elements  of  water,  the  two  reactions  are  exactly  similar. 

Suuhopbopiohic  Aoid,  CsH,(SOsH) .  COaH,  and  Disolfhetholic  Acii>, 
C.Jd1(S00H}2,  are  prepared  in  die  same  »uj  from  propionic  acid,  propiona- 

mide,  or  propionitrile. 

SutriniBENaolc  Aem,  CBH4(KOsH)  .  CG,H,  is  produced  by  ill  o  notion  of 
sulphuric  oxide  mi  bcu/.oic  acid  ;  also,  together  wiiii  disulphobemoUe  acid, 
Cjll/i-rOjlTi,,  by  ihat  of  fuming  sulphuric  aeid  on  beiiv.onilrile  or  phenyl 
cyanide,  C,H5N.  liof.li  are  bibasie.  $iiii>hiJ>f>izr,lia  at-.-d,  0i.[l5(SOaH),  is  pro- 
duced, together  iviih  siilpliobdiinido,  .(' ..il.^Ji,.  by  :lie  auiitin  of  sulphuric 
oxide  d]]  I)  r  li/o  i  ii.'.  I  !'i  in  i  fill;;  1 1  n-  recall  Jill'  vise: a  '!i. .ii:i  ■.villi  a  largo  qimi  ■ 
tity  of  water,  Hie  suiphohen/ide  is  precipitated  as  a  crystalline  powder, 
while  sulphobenzolie  aoid  remains  in  solution,  and  may  be  obtained  in  the 
crystalline  form  by  convening  it.  into  a  rapper-suit,  decomposing  the  latter 
with  sulphuretted  hyilrofreii,  and  evaporating.  Ii.  is  monobasic,  and  forms 
soluble  salts  with  the  iiHisdi-tnernls.  barium,  iron,  copper,  and  silver.  ISy 
Hie  prolonged  action  of  I'uniin^  sulphuric  acid,  it  is  converted  into  liituljiho- 
bstaolic  add,  C,H4(80,H}, 

SlILPHON  APHTHA 1. If    Anil),   CuIi^fSOjII),    a.Jld    hlsITI.PIIOKAPIITMALIC  ACIIl, 

C1(|H6(SOjH)2,  are  produced  by  moiling  naphthalene  with  strong  sulphuric 
aeid  or  sulphuric  oxide.  By  iieulrali/.ing  ilie  aqueous  solution  of  the  pro- 
duct with  barium  carbonate,  caneeiurai.ini;,  and  adding  alcohol,  the  disul- 
phonaphthalat.e  of  barium  is  precipilaied,  while  Ilie  sulphouaphthalate  re- 
mains dissolved.  By  using  n  large  excess  of  sulphuric  acid,  and  applying 
a  strong  heat,  nearly  the  whole-  of  ilie  iiapliilialciic  is  converted  into  disul- 
photiaphthalic  aoid.  Hoi  Ii  these  acids  are  crystalline,  and  form  soluble  and 
cry  stall  liable  sails;  sulphonuphiha.Uc  acid  is  monobasic;  disulphonaph- 
thalic  acid  bibasic 

fsethionir.  arid,  C.ILjSOj,  i-iiiioii't-  or'.d.  C.,l  1^,0.,  and    rillonii:  oxide,  or  anhy- 
dride, C4II4SsOe,  produced,  as  already  memionod  (pp.  5 IS,   52"),  by  the  ao- 
''  sulphuric  oxide,  or    fuming  sulphuric   acid,  on    aScohol   — ' 


likewise  belong  io  ibis  class  of  bodic 
lowing  formulae,  which  show  that  isethio 

ln'casic,  ami  ethioilie  oxide  neutral: 


II.CII 

iL.c— .soan 

H„C— S— 0— 0 

i 

HaC— SO,H 

0 

i         J 

HC—S— 0— 0 
Ethionic  oxide. 

HSC— SOsH 

Isethionic  acid. 

Eibiouic  acid. 

ALDEHYDES 

e  are  bodies  derived 
les  of  hydrogen  (H2 

oxygen,  so  that,  the; 

d  the  acids;  thus: 

from  alcohols  by  elimination  of  one  or  more 

.without,  irilroihiciioii    of  no   ei|uiniletu.  quun- 
hold  a  position  inlenucdiatc  hetween  the  alco- 

CH, 
CH.OH 

limy! 
Slcohol. 

m3 

CHS 

coon 

.Acetic- 

am 

Aoetio 

abieiiyde. 
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6b4         ALDEHYDES    FROM    MONATOMIC    ALCOHOLS. 

The  hydrogen  cTnuiti.iirt-U  in  t-Jic  cotner.-dmi  of  ;lii  :l I -ijl l n :  into  ,111  acid  is 
that,  which  is  in  immediate  connection  with  t in,-  hydroxy!,  or  nhicli  belongs 
to  the- group  ClI,,Oii:  consequently  a  uionalniiiic  ulcidiol  i»ui  yield  but  one 
aldehyde;  but  a  diatomic  alcohol  can  yield  two,  by  substitution  of  O  for 
H;,  and  of  02  for  !Hla ;  a  iTiatomie  alcohol  ihrec.and  so  on.  At  present, 
however,  we  an-  acquainted  only  wi:h  aldehydes  derived  from  11 
and  diatomic  alcohols. 


Aldehydes  derived  from  Monatomic  Alcohols. 
Of  those  aldehydes  four  series  are  known,  viz. : 

1.  Aldehydes,  CuH£U0.  eoirttp^miiihj  to  the  Patty  adds. 


Formic  aldehyde       .  .  CH,0 

Acetic  aldehyde.      .  .  OjH^O 

Propionic  aldehyde  .  C,HeO 

Butyric  aldehyde     .  .  C,HB0 

Valerie  aldehyde     .  .  C(II100 


Caproic  aldehyde        .  G„U,.fl 

lEnanlhylic  aldehyde  C,HuO 

Caprylic  aldehyde     .  C9H1B0 

Euodic  aldehyde  .     .  C„HsaO. 


2.   Aldthyks,  C„H.,._,0,  enrr-rqioiidirti/  tu  i.'m  A-jiaiii:  arid:.-. 
Acrylic  aldehyde,  or  Acrolein  .  .  .  CaH,0. 

3.  Aldehydes,  C,,  1 1  :11. .  B0,  earrr.spoitrfiri.fi  to  the  Aromatic  acid.'. 


Hctmjio  aldehyde,  or  Bitter-almond  oil  .  .  C,H60 

Toluie  aldehyde C9HeO 

Cumio  aldehyda C10lf18° 

Syeocerylie  aldehyde CISHjgO. 

4.  Aldehydes,  GJL^wO. 
Cinnamie  aldehyde CsHsO, 

All  these  aldehydes  contain  i.ivo  Moms  of  hydrogen  less  than  the  corre- 
sponding alcohols,  and  one  atom  of  oxygen  less  than  the  corresponding 
acids. 

They  are  produced  :  —  1.  By  oxidation  of  alcohols,  either  by  the  action 
of  atmospheric  oxygen,  or  by  that  of  a  mi xi live  of  diUire  sulphuric  acid  and 
oola.ssiinn  bichromate  or  manganese  dioxide,  or  by  iln;  action  of  chlorine 
on  the  alcohol  diluted  with  wafer,  [lie  chlorine  in  this  ease  deci::::posi:ie; 
the  wai.or,  ami  tints  acting  as  an  oxidizing  agent. 

2.  By  distilling  an  intimate  mixture  of  the  potassium-salt  of  the  oorre- 
sp  on  (ling  acid  with  potasniute  formate  ;   e.  g.  .- 

COCHJOK)      +     COH(OK)     =    "CO(OK)3    -f-     CH3.C0H 
Potassium  Potassium  Potassium  Acetic 

acetate.  formate.  carbonate.  aldehyde. 

COCGIIS(OK)     +     COH(OK)     =    CQ(OK),    +     CJI,.COH 
Potassium  Benzoic 

benzoate.  aldehyde. 

3.  By  the  action  of  nascent  hydrogen  (evolved  by  the  action  of  dry  hy- 
drochloric acid  gas  on  sodium  amalgam)  on  [he  cyanides  of  acid  radicals; 

C7HsOCN         -J-        Ha        =         CNH        -f        C,HflO 
lienzoyl  "  Hydrocyanic  TSon/o.ic 

cyanide.  acid.  aldehyde, 
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Properties.  —  Trie  foSioti'ing  properiio: 
aldehydes : 

1.    They  easily  take  up  a-j.iiiji.ri,  and  :u 


re  converted  ii 

a  converted  in 


ithe 


ITCHpoiKlillg 

vrc-ijiuudilig 


2.  Whoa  fused  willi   potash,  they  a 
acids,  willi  evolution  of  hydrogen:   e.  y. : 

C7JT60         +         KOH         —         C,H6KOs 
Benzoic  Potassium 

aldehyde.  benzoate. 

3.  Nascent  hydrogen,  evolved  by  rfie  action  of  water  ■ 
converts  them  into  r!ie  corresponding  ulooliols;  e.g.,  l.'.,HjO  4-  H,  =  CjH,0, 
If,   however,  tin:    aldehyde   belong    to    a   iioii-sniui'iiied    series,  the   action 
goes   further,  an    additional    quantity  of  hydrogen    being   then    taken   up, 


i  sodium  amalgam, 


erted  i. 


a  saturated  alcohol  b 


I'll/);  and  C,11,0 
Allyl  Ally! 

alcohol.  alcohol. 


C3H.tO 

id'Kdiydf 

Xnsoent  hydrogen  evolved  by  [he  action  of  zinc  on  sulphuric  acid  • 
appear  to  unite  with  aldehydes. 

is  penlaeht' :■■■'■   c  ■■  ivrii  nM;!:  vile-  i:i:n  cliloraidolivdi 
aldehydes  by  substitution  of  Cls  for  0;  thus: 
CH, 
PC15 


pounds  dei'ived  froi 

CH.  CH3 

I             +        PC15        =        PCLO  +         | 
COH  CHCla 
Aldehyde.                                                                Ckloraldeliyde, 
The  compounds  iims  priiduei'd  are  isomeric  -.villi  I  lie  chlorides  of  the  de- 
fines;  s.  g.,    acetic   clilorjldehydo,    L'll'...  ijilul.,,  or  ei.l.Hene   chloride,  with 
etbeno  chloride,  iyi;  .  Cla  (p.  484). 

5.    Chlorine  and  bromine  convert  aldehyde; 


o  chlorides  of  acid  radicals  : 


01. 


1IC1 


+ 


it.    The    itUcttli-meials   dissolve  i 
quant  ity  of  hydrogen : 

2C,H40        +      K2 

Aldehyde. 


H. 


Pol'as' 


ahloiiv'.b'. 

7.  Aldehydes  treated  wiih  hv'hoqmik-  ackl  hiidrr.rhioric  add,  and  write. 
converted  into  an  ammonium-salt,  or  an  amidated  acid,  containing  a 
"litional  atoui  of  carbon,  too  former  reaction  Inking  nlnce  chiefly  i 
aromatic  series,  the  latter  in  the  fatty  series : 


CsH,0 
Aoetic 

a'  !eliyde. 
C,HR0 


f.'Nll 


OH. 


=      CjH^SO, 
Amidopropionic 

acid  (alanine). 


-1-      CNH      +      20H, 
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8.  Aldehydes  unite  wiih  im'diiu,  water  behu:  eUmm:il«'l,  and  form  bases 
derived  from  a  double  molecule  of  aniline,  (ljHiU7>i;^  by  substitution  of  two 
equivalents  of  a  diaiomic  radical  for  faur  atoms  of  hydrogen ;  e.  g.  : 

(CjH40)3   +      2C,H,N      =      20H,      +      C11H!„(C..t!j"siV3 
Acetic  Aniline.  Diethidene- 

aldehyde.  dianiline. 

9.  All  aldehyde*  unite  directly  with  the  add  sulphites  r,f  the  alkali-metals, 
forming  crystalline  compounds,  hy  which  ihoy  may  be  readily  separated 
from  other  bodies  wild  which  t Susy  muy  Ins  mixed.  This  reaction  affords 
a  ready  means  of  purifying  aldehydes,  and  likewise  of  detecting  their 
presence. 

II).  Aldehydes  ftlso  unite  with  aeelie.  e,x.i4:-,  forming  such  compounds  iis 
CjH,O"(CsHa0|j,  and  probably  with  the  oxides  corresponding  to  other 
monobasic  acids. 


Aldehydes  belonging  to  the  Series  CH^O. 

Formic  Aldehyde,  CH.,0  or  H .  COH,  also  called  Melkylic  aldehyde.— This 
compound,  recently  discovered  by  [lufmann."::  is  produced  when  a  current 
of  air  charged  wii.h  vapor  of  methyl  iilcohol  is-  diroeied  upon  an  incandes- 
cent spiral  of  platinum  wire ;  ami  by  suitable  condensing  arrangements,  a 
liquid  may  be  obliiiued  tonsisliiig  of  a  solution  of  the  aldehyde  in  methyl 
alcohol.  This  liquid,  remit  red  slightly  nl.taline  by  ammonia,  and  gently 
warmed  with  silver  nits-ate,  yields  a  beautiful  spoouhii-  deposit  of  silver, 
with  greater  oust  oven  than  ordinary  acetic  aldehydt.  The  same  solution, 
he  ill  eil  with  a  few  drops  of  caustic  potash,  deposits  drops  of  a  brownish 
oil,  having  the  O'lor  of  the  resin  of  acetic  nldehyde. 

Formic  aldehyde  has  not  yet  been  obtained  in  the  pure  state;  but  by 
treating  its  solution  with  hydrogen  snlj'hido,  ami  healing,  the  resulting 
liquid  with  strong  hydcocldorio  acid,  it  solidities,  on  cooling,  to  n  darling 
white  mass  of  foiled  neediest,  consisting  of  iho  con-espu;ulu.ig  .sulphur-cot::- 
pound,  CH8S. 

Acetic  Aldehyde,  CJI.,0  =  CHa  .  COH  =  CHaO  .  H,  generally  designated 
by  the  simple  niime  ui:Mwi!c.-\  —  Tliis  subslijrsee  is  forrotd,  among  other 
products,  when  tins  vapoe  of  ether  i;r  ;i'eas.,l  is  iransmil  ted  through  a  red- 
hot  tube;  also,  by  I  he  notion  of  chlorine  on  weak  alcohol,  and  by  the  other 
general  reactions  above  mentioned.  It  is  best,  prepared  by  the  following 
process:  6  parts  of  oil  of  vitriol  are  mixed  ivilh  A  pans  of  rectified  spirit 
of  wine,  and  4  parts  of  water ;  this  mixture  is  poured  upon  6  parts  of  pow- 
dered manganese  dioxide  contained  in  a  capacious  retort,  in  connection 
with  a  condenser  cooled  by  ice-cold  water :  gentle  heat  is  applied,  and  the 
process  is  iiucrruplcd  when  '.',  parts  uf  liquid  have  passed  over.  The  dis- 
tilled product  is  pat.  into  :i  small  retort,  e.-iib  iis  own  weight  of  calcium 
chloride,  and  redistilled;  and  (his  operation  is  repeated.  The  aldehyde, 
still  retaining  alcohol  and  other  ini purities,  is  mixed  with  twice  its  volume 
Of  ether,  and  saturated  with  dry  siminoniaeal  gas  :  a  crystalline  compound 
of  aldehyde  and  ammonia  then  separates,  which  may  be  washed  with  a 
little  ether,  and  dried  in  the  air.  I'Voto  this  substitute  the  aldehyde  may 
bo  separated  by  distillation  in  a  lvatcr-bnth,  with  sulphuric  aoid  diluted 
with  an  equal  quantity  of  water;  by  careful  reolifioation  from  calcium 
chloride,  at  a  temperature  not-  exceeding  o!)-5'J  C.  (87°  I''.),  it  is  obtained 
pure  and  anhydrous. 

*  Proceedings  of  tlioiloyul  SoLiuty,  xvi.  ISij.  f  Alia-bi.l  nihyiliaioawLas. 
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Aldehyde  is  a  limpid,  colorless  liquid,  of  characteristic  ethereal  odor, 
which,  when  strong,  is  exceedingly  suffocating.  lr-  has  a  density  of  0-790, 
boils  at  22°  C.  {VI"  i'.  1,  and  mixes  in  ill!  propori  ions  willi  water,  alcohol, 
and  ether:  it  is  neutral  to  test-paper,  but  jLesijuii-es  acidify  on  exposuro  to 
air,  from  the  production  of  acetic  avid:  t.i i i ■  1 1> i ■  the  influcnco  of  platinuin- 
black  this  change  is  very  speedy.  When  a  solution  of  this  compound  Is 
heated  with  caustic  potash,  a  remarkable  brown  resin-like  substance  is 
produced,  tie  so-called  nUhiiiiilt-rtv.ia.  (Jemiy  heated  with  silver  oxide,  it 
reduces  the  latter  without  evolution  of  gas,  [he  metal  being  deposited  on 
she  inner  surface  of  the  vessel  as  ::  brill.ntnl  and   uniform  tilm ;    the  liquid 

Aldehyde  can  be  reconverted  into  aleohol  by  treating  its  aqueous  solu- 
tion with  sodium  amalgam,  the  liquid  being  kept  slightly  acid  by  repeated 
additions*  of  hydro  chloric  aoid. 

"When  treated  with  hydrocyanic  acid,  aldehyde  yields  alanine  (p.  61C). 

An  aqueous  solution  of  aldehyde,  seated  with  Isydregen  sulphide,  yields 
an  oily  compound,  it '..11 .0';,,. .  SIIa,  which  is  resolved  by  neidsinto  hydrogen 
sulphide  and  tulpktdikkyde,  0,11^  :  the  latter  crystallines  in  needles  having 
an  alliaceous  odor. 

Other  reactions  of  aldehyde  have  been  lilreaile  mentioned. 

Aldehyde-ammonia-  ur  Anii.wmvm  ui-i^i/iint-:,  CJl.,0  ,  NU3  or  CsU,(NS4)0, 
the  formation  of  which  has  been  already  mcniiieied,  forms  transparent, 
colorless  crystals,  'if  groat  beauty:  it  lias  a  mixed  odor  of  ammonia  and 
turpentine;  it  dissolves  very  cushy  in  water,  with  less  facility  in  alcohol, 
and  with  difficulty  in  ether:  molts  at  about  Tt'V-1  C.  (KiS3  F,).  and  distils 
unchanged  at  100".  Acids  decompose  if.,  with  production  of  an  ainmoniaeal 
salt  and  separation  of  aldehyde.  Hydrogen  sulphide  converts  it  into  a  basic 
compound,  CgHjjNP;.  called  iJtitiidm?.  .Sulphurous  oxide  gas  is  vapidly  ab- 
aorbed  by  a  solution  of  iiHeiivde-aiumouia,  foruiitiir  the  crystalline  com- 
pound C2Ha(NHJS(V  isomeric"  with  taurin  (p.  527).  Aldehyde  alKo  com. 
bines  wil.li  aeslh  tank,  forming  f.bo  coiupouud  l.\J'.l.,Oi'C.,ir30)aO  ;  also  with 
elhyl  oxide,  as  will  presently  lie  further  noticed, 

'I'&lilmeric  SlodiJiuaiUnu  of  Aiikiiinit:.  —  When  pure  aldehyde  is  long  pre- 
served  in  a  closely-slopped  vessel,  it  is  sometimes  found  io  undergo  spon- 
taneous change  into  one,  and  even  two  isomeric  mod ili cations,  differing 
completely  in  properties  iVnm  the  original  compound.  In  a  specimen  kept. 
some  weeks  at  0°,  Ira  us  parent  acicular  crystals  were  observed  to  form  in 
considerable  quantity,  which,  at  a  temperature  little  exceeding  that  of  the 
freezing  point  of  water,  melted  to  a  coloi-h^s  liquid,  miseible  with  water, 
alcohol,  and  ether;  a  few  crystals  remained,  which  sublimed  without 
fusion,  and  were  probably  composed  of  Ihe  second  substance  This  uew 
body,  called  e(oMi7,  •»'■'.  is  identical  in  composition  with  aldehyde,  but  dif- 
fers in  properties  and  in  I  lie  density  of  its  vapor ;  the  latter  has  a  sp.  gr. 
of  4-51 5,  while  that  of  ahtohy.le  is  only  1  ii'A'l,  or  one-third  of  that  number. 
It  refuses  to  combine  wilh  ammonia,  is  no!  rendered  brown  by  potash,  and 
is  but.  little  affected  by  solution  of  silver. 

The  second  modification,  or  mrjuldchn'.k,  is  sometimes  produced  in  pure 
aldehyde  kept  at  the  e omnium  temperature  of  I  lie  air,  even  in  hermetically 
sealed  tubes;  the  conditions  of  lis  formation  are  unknown.  It  forms 
colorless,  transparent,  prismatic  erys;a'is.  which  sublime  wiihoiii  fiisinn  at 
a  temperature  above  lOfi",  ami  ace  soluble  in  alcohol  and  ether,  but  not  in 
water.  They  also  were  found,  by  analysis,  to  have  the  same  eompositiou 
as  aldehyde. 

Acetal.— When  gaseous  hydrochloric,  acid  is  passed  into  a  solution  of 
aldehyde  in  absolute  alcohol,  a  compound  of  aldehyde  and  ethyl  chloride, 
CaH,0 .  CjHjCl,  is   produced,   and    this   compound,    treated   with   sodium 
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ethylato,  forms  a  compound  of  aldehyde  with  ethyl  oxide,  called  acetal : 

C,H40 .  C2IIBC1      +       C5HsONa    —    NaCI    -f     CaH«0 .  (CsHs)sO 

kit  hyl  chloride  Sodium  Acetal. 

of  aldehyde.  ethylate. 

This  compound,  which  is  isomeric  with  diet.hylio  et.henate,  (C,IU"  (OC,lI5)2 
(p.  557],  is  likewise  found  among  the  products  of  (lie  slow  oxidation  of  al- 
cohol under  the  influence  of  platinum- black. 

To  prepare  it  in  this  nnv.  spirit  of  wine  is  poured  into  a  large,  tall, 
glass  jar,  to  the  depth  of  about  :i ri  inch,  mill  :i  shallow  capsule,  containing 
slightly  moisten t'd  platinrtui-bbick,  is  arranged  above  the  surface  of  the 
liquid;  the  jar  is  loosely  covered  by  a  glass  plate,  and  left  during  two  or 
three  weeks  in  a  warm  situation.  At  the  expiration  of  that  time  the  liquid 
is  found  highly  acid:  it  is  lo  bo  neutralized  nilli  potassium  carbonate,  as 
much  calcium  chloride  added  as  the.  liquid  v.  ill  dissolve,  und  the  whole  sub- 
jected to  distillatiiin,  the  first  fourth  only  uojtijr  collected.  Fused  calcium 
chloride  added  to  the-  distilled  product  now  throws  up  a  light  oily  liquid, 
which  is  a  mixture  of  ncctai  with  alcohol,  aldehyde,  ami  acetic  ether.  ISy 
fresh  treatment  wiih  calcium  chioride,  ami  long  exposure  to  gentle  bent  in 
a  retort,  the  aldehyde  is  expelled.  The  acetic  ether  is  destroyed  by  Caus- 
tic potash,  and  (he  alcohol  removed  by  washing  wilh  water,  afler  which 
the  acetal  is  again  digested  with  fused  calcium  chloride  and  redistilled. 

Pure  acetal  is  a  thin,  colorless  liquid,  of  agreeable  ethereal  odor,  of  sp. 
gr.  0-821  at  22-2°  C.  (72°  1\),  and  boiling  ai  140°  t.l  (234°  F.).  It  is  sol- 
uble in  18  parts  of  water,  and  miscihle  in  all  proportions  with  alcohol  and 
ether.  It  is  unchanged  in  the  air ;  bid,  under  the  influence  of  platinum- 
black,  becomes  converted  into  aldehyde,  ami  eventually  into  acetic  acid. 
Nitric  and  chromic  acids  produce  n  similar  eiVect.  Strong  boiling  solution 
of  potash  has  no  action  on  this  substance. 

Cht.ohat,,  CjHCI.Oj. — This  compound,  already  mentioned  as  being 
formed  by  the  prolonged  aclinu  of  chlorine  on  absolute  alcohol  (p.  517), 
maybe  regarded  us.  t'richlorinaied  aldehyde.  To  prepare,  it,  the  current 
of  chlorine  must  be  kept  up  tit  lone;  as  hydvoehlorie  acid  gas  continues  to 
escape,  and  the  product  aj;iia(ed  with  t.lirec  times  sis  volume  of  concen- 
trated sulphuric  acid.  On  genily  warming  this  mixture  in  a  water-bath, 
the  impure  chloral  separaies  as  an  oily  liquid,  which  finals  on  the  surface 
of  the  acid;  it  is  purified  by  tiisl  illation  from  fresh  oil  of  vitriol,  and  after- 
ward from  a  small  quantity  of  quicklime,  which  must  be  kept  completely 
covered  by  the  liquid  until  the  end  of-the  opernliou.  Chloral  has  also  been 
obtained  from  starch,  by  distillation  with  hydrochloric  acid  and  manga- 
nese dioxide. 

Chloral  is  a  thin,  oily,  colorless  liquid,  of  peculiar  ami  penetrating  odor, 
which  excites  tears:  it  has  but  little  taste.  When  dropped  upon  paper  it- 
leaves  a  greasy  stain,  which  is  not.  however,  permanent..  It  has  a  density 
of  1-502,  and  boils  at  94°  C.  I'20\°  ¥.).  Chloral  is  freely  soluble  in  water, 
alcohol,  and  ether ;  it  forms,  with  a  small  quantity  of  water,  a  solid,  crys- 
talline hydrate;  the  solution  is  not  affected  by  silver  nitrate.  Caustic 
baryta  and  lime  decompose  the  vapor  of  chloral  when  headed  in  it,  with 
appearance  of  ignition-,  the  oxide  is  converted  into  chloride,  carbon  is  de- 
posited, and  carbon  monoxide  sol  free.  .Solutions  of  caustic  alkalies  also 
decompose  it.  with  product  ion  of  a  formate  anil  chloroform. 

When  chloral  is  preserved  for  any  length  of  time,  even  in  a  vessel  her- 
metically sealed,  it  undergoes  a  very  remarkable  change  —  being  converted 
into  a  solid,  white,  translucent  substance.  hiw/.n/M  r!:ior,il,  possessing  the 
same  composition  as  the  liquid  itself.  This  solid  product  is  but  very 
slightly  soluble  in  water,  alcohol,  or  ether;  when  exposed  to  heat,  alone, 
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or  in  contact  with  oil  of  vitriol,  it  is  reconverted  into  ordinary  chloral. 
Solution  of  caustic  potash  resolves  It  into  formic  acid  awl  chloroform. 

Bromine  acla  upon  alcohol  in  tlie  sa.mo  iiiumicr  as  chlorine,  and  gives 
rise  to  a  product  very  similar  in  properties  to  the  foregoing,  called  brumal, 
which  contains  C.jrIBr,0.  It  forms  a  ei-y.st  alii /able  hydrate  with  water, 
and  is  decomposed  by  strong  alkaline  solutions  into  formic  acid  and  bromo- 
form. 

The  other  aldehydes  of  the  scries  (',,[[.,,,0  resemble  acetic  aldehyde  in 
most  of  their  reactions,  especially  it;  fui-niiii.e  (.'rystu.lline  compounds  with 
ammonia:  this  character  distinguishes  the  fatty  from  i. he  aromatic  alde- 
hydes, which  react  v.-ilh  ammonia  in  a  iliuorent  way.  Another  character- 
istic reaction  of  the  fa  try  aldehydes  is  tlicir  conversion  into  amidated  acids 
by  the  action  of  hydrocyanic  acid  (p.  b^Vi ;  in  litis  manner  amido-propi- 
ouie  acid,  or  alanine,  <"'.di.NO.,.  is  formed  from  acetic  aldehyde;  amido- 
oaproie  .acid,  or  leucine,  l-'fiFT nS'0„,  from  ralora.t.  Cfl]ririO,lh  ha.  The  fatty 
aldehydes  are  all  converted  into  resinous  compounds  by  t.lic  action  of  caus- 
tic potash. 

All  the  known  aldehyde?  of  the  fatty  series  are  liquid  at  ordinary  tem- 
peratures, and  become  snore  oilv  as  their  molecular  weights  increase. 
Their  builinir  points  a  re  given  in  I  lit:  following  table  : 

72°  F.    (Enanthylic  a]  1  1     1    1  t      E 

Caprylic  "  178°"    352°  « 

Euodic  "  213°"    32S°" 

c  aldehyde  is  the  essential  constituent  of  oil  of  rue.  It  differs  from 
er  compounds  of  the  series  by  not  reacting  in  lite  maimer  above 
.ed  with  aniline. 


Aldehyde  belonging  to  the  Series  C„Hjn_20. 
C(CH,)"II 
Aorylio  Aldehyde,  or  Acrolein,  C.il.O  =    I  .  —This  compound  is 

con 

formed:  — 1.   By  the  oxidation  of  allyl  alcohol,  OjH60.  —  2.   Tiy  the  action 
of  heat  on  the  product,  of  the  union  of  acetone  with  bromine: 

C(CH,)Br,  C(CrU"H 

COfCH,),     +     Br.    =    |  =      2HBr      +      | 

CHsOH  COH 

Acetone.  Acrolein. 

8.   By  the  dehydration  of  glycerin,  "'hen  tint!    substance  is  heated  with 
phosphoric  oxide,  strong  sulphuric  acid,  or  arid  potassium  sulphate  : 
Osll80j  ~  20HS  =  C8H(0. 

It  is  always  produced  in  the  destructive  distillation  of  neutral  fats  con- 
taining glycerin,  and  is  the  cause  of  I  lie  intolerably  pungent  odor  attending 
that-  process. 

Pure  acrolein  is  a  thin,  colorless,  highly  volatile  liotiid,  lighter  than 
water,  and  boiling  at  5:1  2°  C.  (l:!ii°  !■'.),  Hs vapor  is  irritating  beyond 
description.      It  is  sparingly  soluble  in  water,  freely  in  alcohol  and  ether. 

Acrolein,  by  keep::.;?,  iradevgoee  partial  deoompoBltion,  yielding  a  while, 
flocenlcnt,  indifferent  tmdy.  tliftcri/l ;   lite  same  substau.' 
duccil,  b:i.L';e:]ier  wiili  acrylic  u.oid.  hy  exposure  to  the  a 
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alkaiic;.  acrolein  suffers  violent  iioeornpositinn.  prodm' 
a  resinous  body,  ttlifn  exposed  for  some  time  in  the 
with  silver  oxide,  it  oxidizes  with  aviditv,  and  passi 
CaH,Oa. 


Aromatic  Aldehydes,  C^^-fi. 
Benzoic  Aldehyde,  or  Bitter- almond  Oil,  C,H60  =  CBrT, .  COH  =  C,H50 .  H. 
This  compound  is  produced  —  1.  By  the  oxidation  of  amygdalin  with  nitric 
acid.  —  2.  By  digesting  bill  or  almonds  r.  ii  li  water  for  five  or  sis  hours  at 
30°-40°  C.  (8ti°-104°  F.).  The  syuuptitso  present  then  acts  as  a  ferment 
on  the  amygdalin,  Converting  it.  into  glucose,  ben/.oic  aldehyde,  and  hydro- 
cyanic acid  (set  page  uT'd).  lien/.oic  aldoh;  do  is  prepared  by  this  process 
in  large  quantities,  chiefly  for  use  in  perfumery.  It  does  not  pre-exist  in 
the  almonds,  for  the  fat  uil  obtained  from  them  by  pressure  is  absolutely 
free  from  it.  The  crude  oil  lias  a  yellow  color,  and  contains  a  very  con- 
siderable quantity  of  hydrocyanic  acid  :  In  free  it  from  1  his  impurity,  it  is 
agitated  with  dilute  solution  of  ferrous  chloride  miveu  with  slaked  lime  in 
excess,  and  the  whole  is  subjoined  to  disi  illation ;  water  passes  over,  ac- 
companied by  the  ]ni i-i lie il  esscnlial  uil,  which  is  to  be  left,  for  a  short  time 
in  eoutaol  iviih   a  lew  fragoiouis  of  fused  calcium   chloride  to  free  it  from 

3.  Benzoic  aldehyde  is  funned,  together  with  many  other  products,  by 
the  action  of  a  mixture  of  manganese  dioxide  and  sulphuric  acid  on  albu- 
min, fibrin,  casein,  and  gelatin. 

4.  By  the  action  of  mtsoonl    hydrogen  on  chloride  or  cyanide  of  benzoyl; 

C7H60C1  +  H,  =  HC1  +  C,H,0. 
Pure  benzoic  aldehyde  is  a  thin,  colorless  liquid,  of  great-  refractive 
power,  and  peculiar,  very  agreeable  odor  :  its  density  is  1-013,  and  its  boil- 
ing point  ISO"  C.  (;i>">t)n  F.):  it  is  soluble  in  about  i'.O  parts  of  water,  and 
misciblo  in  all  proportions  with  aleohol  and  ether.  Exposed  to  the  air,  it 
greedily  absorbs  oxygen,  and  is  converted,  into  a  mass  of  crystallized  hen- 
zoic  acid.  Heateil  with  soliil  w.o  ,■.«.■"<'.'/;.  i-:rin;:e..  li  gives  off  hydrogen,  atid 
yields  potassium  benzoato.  With  the  uHoilin--  hlsnlphhe*  it  forms  beautiful 
crystalline  compounds.  The  vapor  of  the  oil  is  inflammable,  and  burns 
wiili  a.  bright,  liauie  and  much  smoke.  It  is  very  doubtful  n  bother  pure 
hitter-almond  oil  is  poisonous  ;  but  the  crude  product,  sometimes  used  for 
imparting  an  agreeable  flavor  to  confectionery,  is  wry  dangerous. 

Benzoic  aldehyde,  treated  with  so''iit:-'i  ««<rf (■/<,':■(,  is  converted  into  benzyl 
alcohol,  C,H80.     Willi  pii".':ih»i-i-  it  yield-  benzylene  chloride, 

C,H,C1,: 

C,Hr,0         -|-        PCI,        =         PC120        +         C,H,C1,. 
Ammonia  converts  it.  into  huihohr/izmnMa,  a  white  crystalline  neutral  body, 
which,  when   boiled  with    aqueous    potash,   is   converted    into   an   isomeric 
basic  compound,  called  umttrine: 

3C,H60       +       2NH3      =       (C,H6)"SW5      -f       BOH,. 
Benzoic  Hydrohen- 

aldehyde.  a  amide. 


.All  the  aromatic  aldehydes  act  with  ammonia  in  a  similar  manner,  and  are 
thereby  distinguished  from  the  aldehydes  of  the  fatty  series. 

Toluio  Aldehyde,   C.,11.,0.    is  produced   by  distilling   a  mixture  of  the  cal- 
ciura-salts  of  tolttie  and  formic  acids.     The  oily  distillate  agitated  with  aeid 
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sodium  sulphite,  forms  a  crystalline  compound,  which,  when  distilled  with 
sodium  carbonate,  yield?  the  aldehyde,  us  mi  oil  having  a  peppery  odor, 
and  foiling  at  204°'  0.  (JiPiP  !■'.).  ,,n  exposure  to  the  air,  it  is  gradually 
concerted  into  toluie  acid,  <yi5Os.  Who  a^oholio  potash  it  forms  potassium 
toluate  and  xylyl  alcohol. 

2CBH90  +  KOH  =  C8H,KO,  +  C9H10O. 
Cumie  Aldehyde,  Cmll,.,0,  Exists  together  with  eytuene,  C^Ti,,,  in  the 
essetiiial  oil  of  cumin,  mid  in  that  of  water  hemlock  iCir'J'u  nn:.---.\.  ::n-l 
maybe  obtained  bv  agitating  cither  of"  those  oils  with  acid  sodium  sul- 
phite, which  takes  up  iho  cumie  aldehyde,  l.iut  not  the  cjmene,  and  forms 
a  crystalline  compound,  from  which  the  aldehyde  may  be  separated  by  dis- 
t.Ihmou  with  potash,  (.himic  aldehyde  is  :i  colorless  oi  slightly  yellow 
liquid,  loving  ;t  powerful  odor,  iliuI  is  easily  nvidiied  iu  the  air,  so  that  it 
must  lie  distilled  in  a  current  of  carbonic  acid  gas.  It  is  converted  into 
cumie  acid,  C,0lI,,O„,  by  oxidation,  and  by  alcoholic  potash  into  potassium 
oumate  and  cymyl  alcohol,  G|0H,4O. 

Sycocervlie  aldehyde,  0,-H^O,  b 

nvid;/iiie  -ve-e^eryl  aieohol  with  a 

Cinnamio  Aldehyde,  C9IIaO. — This  compound,  which  is  the  only  known 
memher  of  the  series  of  aldehydes  C1Jll-.,i_1..:.0,  constitutes  the  essential 
part  of  the  volatile  oils  of  cinnamon  awl  cits»ia,  which  are  obtained  from 
the  tiark  of  different  trees  of  die  genus  ViiiiiiiiitoKiuu,  order  Lauraeex  — 
vii.,  oil  of  cinnamon.  (Yum  Ceylon  cinnamon,  and  oil  of  cassia,  from  Chi- 
nese cinnamon.  The  aldehyde  may  be  scp-'ivalcd  [mm  t.hese  oils  by  means 
of  acid  potassium  sulphite.  It  is  a  colorless  oil,  rather  heavier  than  water; 
may  be  distilled  without  alteration  it)  u  liicuiiiti,  or  with  de-ae*rated  water: 
but  absorbs  oxygen  quickly  on  exposure  to  the  ail',  and  passes  into  cin- 
namie  aeid.  When  fused  with  potash,  it  forms  potassium  cinnamate,  and 
gives  off  hydrogen: 

C„He0        +         KOH        =        C8H,K02        +        H2, 
Ammonia  gas  converts  it  into  liydrocinnamide  : 

3C„H80         +        2NH3       =         (C,H8)'yT,    -f        30H5. 
No  aldehydes  are  known   belonging  to  the  series   intermediate  between 
C,Hn_dO,  and  CnH*t-aO- 

There  is  indeed  ji  well-known  subsiancc  — viz.,  common  camphor,  Or 
laurel  camphor,  having  I  he  composition  (]„,[ r|i;0,  which  is  that  of  the  alde- 
hyde of  eamphol,  C^II^O  (p.  frit!) ;  but  its  properties  are  not  those  of  an 
aldehyde,  inasmuch  as  it  does  not.  unite  with  alkaline  bisulphites  or  with 
aniline,  and  when  fused  with  potash,  'lees  net.  [rive  nil'  hydrogen  and  form 
the  potassium-sail  of  the  corresponding  acid,  but  unites  directly  with  the 
alkali,  forming  potassium  eamphelalo,  C1.!H].,KOj.  It  may,  however,  be 
conveniently  described  in  this  place. 

Camphor  is  obtained  lit-  distilling  with  water  the  wood  of  the  enmphor- 
tree  (Laurvs  Ctmtphora).  When  pure  it  forms  a  solid,  white,  crystalline 
and  translucent  mass,  tough,  and  dime  nil-  (o  powder,  and  having  a  power- 
ful and  well-known  odor.  It  melts  when  gently  heated,  and  boils,  distil- 
ling unchanged  id  it  high  temperature.  It  sublimes  slowly  at  the  tempera- 
ture of  the  air,  and  alien  forms  beanlil'itl  crystals  on  the  sides  of  buttles 
or  jars  containing  it  exposed  to  I  lie  light.  Camphor  is  very  sparingly 
soluble  in  water,  but-  readily  soluble  in  alcohol,  ether,  and  strong  acetic 
acid.  Small  pieces  of  it  thrown  upon  water  revolve  and  move  about  on 
the  surface,  with  more  or  less  velocity  in  proporiion  to  their  smallness. 

By  the  action  of  nitric  acid  aided  by  heat,  camphov  is  gradually  oxi- 
dized and  dissolved,  with  pi  mi  not  ion  of  utniq-huii';  ttviU,  I'hjIIjjOj  (p.  1)61). 
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Common  cam  pi  to  r  exerts  a  dextro-rotatory  action  on  polari/.ed  light  [a]  = 
-|-  47-4°;  "but  by  distilling  [lie  osienlinl  nil  nf"  tcvcrfcw  (Fyrethrwn  pailhe- 
niumj,  and  collecting  apart  the  portion  which  passes  over  between  200° 
and  220°  C.  (392°-428°  F.),  an  oil  is  obtained,  which,  on  cooling,  deposits 
a  crystalline  substance  resembling  common  cjainyiUoj-  in  every  respect, 
except  that  its  action  on  polarized  light  is  exactly  equal  and  opposite:  [a] 
=  ■ — 47-4°.  The  essential  oils  of  many  bihia.te  plants,  as  rosemary,  mar- 
joram, InviMi'liT,  ami  Hitjrti.  often  deposit  :i  substance  having  the  cfitrijuifi- 
1iun  and  till  (in:  properties  of  common  camphor,  excepting  that  it  is  inac- 
tive to  polarized  light. 


Aldehydes  derived  from  Diatomic  Alcohols. 
Diatomic  alcohols  can  yield  Ijv  oxidation  two  classes  of  aldehydes,  ac- 
cordingly as  the  substitution  of  0  for  Intakes  place  once  or  twice :  the 
products  thus  formed  may  he  disiiusriiishcd  as  Jirsl  and  second  aldehyde*. 
Fropene  glycol,  C3HsO„,  for  example,  miglil  yield  the  two  aldehydes, 
C„H60,  and  C31I,02.  Only  a  few  of  (hese  compounds  have,  however,  been 
obtained. 

Of  aldehydes  derived  from  the  glycol?,  C],ll.fl,-i.j,  only  one  is  known, 
.namely  gli/vxtd,  C..I1:;Q.„  which  is  the  second  aldehyde  of  ordinary  glycol, 
C,ll(1Oa.  This  compound  is  obtained,  together  with  glyoxylio  acid  and 
other  products,  by  the  action  of  nitric  acid  upon  alcohol,  it  may  be  sepa- 
rated by  addition  of  a  strong  solution  of  acid  sodium  sulphite,  wilh  which 
it  forms  a  crystalline  compound  :  this  compound,  treated  wilh  barium  chlo- 
ride, yields  tile  correspond  in;:  barium  compound  ;  and  from  this  (he  gly- 
oxal  may  be  separated  by  dilute  sulphuric  acid.  On  evaporating  the 
liquid,  it  is  obtained  us  a  transparent,  amorphous,  deliquescent  mass,  very 
soluble  in  water,  alcohol,  and  ether.  With  an  amtv,oiiiacal  solution  of  sil- 
ver nitrate,  it  forms  a  beautiful  silver  speculum.  By  a  small  quantity  of 
nitric  add  it  is  converted  into  ;■!>  uxyiio  ai:id,  C,ll/J4 ;  by  a  larger  quantity, 
inlo  oxalic  acid,  ().Jll.,04.  Fi-.nd  cans' is  u //■:■.■/<', .-  and  nJlaitns  earths  convert  it 
into  a  salt  of  glycollie  acid;  e  g.,  CsII,0.,- K011^0JI,KOj.  A  syrupy  so- 
lution of  glyoxal,  heated  with  a  strong  aqitcou;  s. '.ltitinri  of  ammonia,  yields 
two  bases,  //ii/aial-ine  au'i  ,-y ■','/<■  <•  -*:'■■«■■.  according  >o  the  equations: 

2C„H,0,     -j-     2NH3     =     CjHjNj       +      CHjOj     +      20IIS 

Glyoxal.  Glyoxalino.         Formic  acid. 

3CjHsO.     -f      4NHB    =        CeHeN,     +     6011, 

Glyoxal.  Gly  cosine. 

Both  these  bases  arc  crystalline:  the  glyoxaline  is  by  far  the  more  abun- 
dant of  the  two. 

Of  aldehydes  derivable  from  diatomic  alcohols  luduii-i-iiig  to  other  series, 
three  only  are  known;  vii.,  salicylic  aldehyde,  C.lle0,,  anisic  aldehyde, 
CsH90,,  and  t'urfurol,  CsH,02. 

Salicylic  Aldehyde,  or  Salicylol,  C7HeOa  =  C,H60.COH;  also  called 
wlicylou!  acid,  and  nitride  of  sutkitl.  —  'this  compound  is  produced  by  oxi- 
dising the  corresponding  alcohol,  saligertin.  C.,flsO„,  with  potassium  chro- 
niafe  and  dilute  sulphuric  acid.  As  saliein  (p.  Chlj  is  a  jtlocosstlo  of  sali- 
genin,  and  populin  has  the  composition  of  bonzoyl-salicin,  salicylol  may 
likewise  be  formed  from  these  bodies  by  the  action  of  oxidising  agents; 
it  may  be  conveniently  prepared  b.j  treating  saliein  or  the  concentrated  ox- 
tract  of  willow. bark  with  chromic  acid.  One  pact  of  saliein  is  dissolved 
in  10  parts  of  water,  and  ntUed  in  a  retort  with  1  part  of  powdered  potas- 
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siitm  bichromate  and  2 -J  parts  of  oil  of  vitriol  dilnlod  with  10  parts  of 
Water;  gentle  heat,  is  npplie.il,  and  after  the  cossatbin  of  (ho  effervescence 
first  produced,  the  mixture  is  distilled.  Tim  yeliow  oily  product  is  sepa- 
rated from  the  water,  and  purified  by  rectitiration  from  calcium  chloride. 
Sulievlol  csisi.fi  ready  I'dj-ihuiI  in  the  flowers  of  meadow-sweet  (8j>inm  id- 
maria),  and  may  be  obr/iiuml.  together  with  n  terpone,  by  distilling  the  flowers 
with  water.  On  noulraliziu!.;  (in!  distillate  v,-itli  potash,  boiling  io  expel  I  lie 
hydrocarbon,  slightly  supersaturating  f Sic  residue  with  phosphoric  acid, 
and  distilling,  salieylol  passes  oyer,  and  may  bo  purified  by  agitating  the 
distillate  with  ether,  treating  (lie  decanled  t- r } 1 1 ■  i ■■:■.: s I  solution  with  potash, 
supersaturating  v.il.h  phusphiua:;  acid,  and  redistilling. 

Salieylol  is  a  thin,  colorless,  fragrant  oil,  acquiring  a  rod  tint  by  expos- 
ure to  the  air.  It  has  a  specific-  gravity  of  1-173,  solidifies  at — 20°  C. 
(— VS.),  boils  at  ]<!U-;y>C.  iSSJ°  !■'.)",  and  "boms  when  .set  on  fire,  with  a 
bright  smoky  flame.  "Wafer  dissolves  a  perceptible  quantity  of  salieylol, 
acquiring  its  fragrant  odor,  and  the  property  (likewise  exhibited  by  sali- 
cylic acid)  of  producing  a  deep  violet  color  with  ferric  tall*.  Alcohol  and 
ether  dissolve  it  in  all  proportions. 

Salieylol  is  oxidized  to  salicylic  acid  by  boiling  with  ettpric  oxide  in  al- 
kaline solution,  pari  hilly  ill  so  by  j ssii.m  bichromate  and  sulphuric,  acid  ; 

it  likewise  reduces  silver  oxide.  When  hen.t.ed  with  potassium  hydrate,  it 
is  converted  into  poiassiuio  sulieylaie,  with  evolution  of  hydrogen; 

CT1I603      -I-      KOH      =       C,TL,K0,      +      Hr 
By  nascent  hydrogen  it   is  eenverted   into   sa'.ijicuin,  (.'..llsO.,;  by  ammonia, 
into  hydrosalicylamide : 

3C-KeO,      +      2HH,       =       30H5       4        C8,H18OsN, 
Salieylol.  Hydrosalieyl- 

Salicylol  decomposes  nlki.line  en  rho  mites,  end  dissolves  in  caustic  alka- 
lies, forming  yellow  lo-ysialli/iibhi  sail*:  the  sodium-salt,  for  example,  hay- 
ing the  composition  CrIf-SaOs.  This  salt  and  the  corresponding  potassium 
and  ammonium-contpoum.ls,  are  siduble  m  water,  and  by  treating  their  so- 
lutions with  salts  of  buvinti:,  copper,  leail,  siive.r.  Ac,  insoluble  metallic 
derivatives  of  satin  lot  arc  precipitated.  These  compounds  are  commonly 
called  sal&yliUs,  salieylol  itsolt'  bents  called  salioyhms  acid;  but  it  is  bet- 
ter to  designtiie  them  as  eoduim  salieylol,  copper  :r-l.  &c.,  inasmuch  as 
the  metal  contained  in  them  does  not  appear  to  occupy  the  same  place  as 
in  the  salt  of  an  ordinary  add,  hut  ntther  to  take,  the  place  of  the  alco- 
holic hydrogen  in  (lie  molecule  of  salicvlo!,  t'JI.O  .  t'Oli,  so  that  sodium 
salieylol  consists  of  CjILNaO  .  COIL  This  salt,  treated  with  methyl-iodide, 
yields  sodium  iodide  ami  mri.hijlsulicidol,  t  ■JI.JiMLiO  .  OOH,  a  compound 
exhibiting  properties  exactly  analogous  ro  those  of  salievlol  itself.  .Ethyl- 
salieylol,  CSH4(C,TIS)0  .COIL  is  obtained  in  a  similar  manner.*  Ammonia 
acts  upon  these  compounds  in  the  same  manner  as  on  salieylol,  converting 
them  intomethvl-hydrosulicytaniidc,  C.,,li,  .'C  !!..;<  I...N!.,.  and  ethyl-hydrosali- 

cylitmide.  i:.d,Il.nf(',Hs)0!1Nr  

Salieylol  is  strongly  attiiclie.il  by  •■'hlorin-  and  hmmim,  forming  substi- 
tution-products, namely,  ehlorosalieylol,  lLH601O,,  and  bromo-salicylot, 
C,H515rOj,  both  of  which  are  crystalline  bodies  possessing  acid  properties. 
Iodine  dissolves  in  it.  but  dees  not  form  ;i  .sttbsl.il  ui  i  mm -product.  Moderately 
strong  nitric  add  converts  ii.  into  nitro-salieylel,  C.I-IsfNOsiOa,  which  is  also 
crystalline,  and  lorms  crystnlliza.ble  salts.  Chlerosnlioylbl  is  acted  upon 
by  ammonia  in  the  same  m aimer  a-  salieylol.  forming  ckiorohydrosaiieyla- 
mide,  or  chlorosamide,  €„H,;C!aOjN5. 

*  Ferldii,  Chem.  Sot  Journal  [3],  v.  418. 
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Methyl-salicylol  and   ethyl-aalicylol  are   also   attacked  by  chlorine  and 

bromine,  forming  substitution-derivatives  similar  t.o  those  of  stilicylol  it- 
self, e.g.,  ethyl-bro aalioyloL  CTHt(CH3)BrOr 

Salicylol  and  nil  its  snhstitiLi.ion-iieLLvni  i  vc.-  above  mentioned,  form  crys- 
lallinc  com pounds  wli.Ii  tin.'  acid  sulphiies  of  the  a.limli-nietals. 

Salicylol  unites  with  ,tmi<:  azifk  or  iii/.y/i/rin'-.:*  Conning  the  crystalline 
compound  C^H,./^  _  C,H60;  ■  (iy-I30)sO.  Acetic  oxide  likewise  forms 
similar  compounds  with  methyl-  and   ethyl -salieylol. 

Sodium-salioylol.  treated  with  acetic  oxide,  forms  sodium  acetate  and 
itceio-saliajlol.-\ 

CeH(NaO  .  COH  +  (CaH30),0  =  NaOC2E 
Sodium-salicylol.        Acelic  Sodiur 

This  compound  lias  the  same  composition  as  eonmarie  acid,  CsII803.  an  acid 
produced  by  the  hydration  of  ootimarm,  the  odoriferous  principle  of  the 
Tonka,  bean  ;  but.  to  obtain  it  "by  the  read-ion  above,  m onioned,  certain  pre- 
cautions arc  necessary.  The  acetic  oxide  must  lie  added  to  powdered  an- 
hydrous sodium-salicylol  suspemiud  in  [nice  dry  ether,  I  lie  reagents  being 
employed  in  equivalent  quantities  :  ami  after  the  whole  lias  stood  for  twen- 
ty-four hours,  lh<;  ethereal  [ifjiiid  must  lie  liltered  off  from  the  sodium  ace- 
tate, fhan  eva.por.ated.  and  the  m  j  -i  a lline  oaie  which  separatee  on  cooling, 
purified  by  pressure  between  bibulous  napov,  ami  crystallization  from  alco- 
hol. Acetosnlicylol  i'ms  prepared  molts  at  ",'°  (.!,  ('.•¥."  I1'.),  boils  at  about 
253°  C.  (487°  P.),  and  distils  without  decomposition.  It  is  an  aldehyde, 
like  sal  iovlol  itself,  and  -forms  detinii  e  coinponruls  with  alkaline  bisulphites. 
It  is  decomposed  by  alcoholic  pnla-sh,  with  formation  of  potassium  acetate 
and  potassium -salieylol : 

OaH^GjHjOJO .  COH  +  2K0H  =  C0H4KO ,  COH  -j-  C.H.KO,  -f  0HS. 
Acctosa.Hcylol  likewise  iiuiies  directly  with  acetic  oxide. 

If  the  product  of  the  action  of  aeeiic  oxiile  on  salieylol,  instead  of  being 
treated  in  tiie  maiitiiT  above  described,  'no  poured  into  water  after  a  few 
minutes' boiling,  an  oily  liquid  sinks  t.o  ihe  bottom,  and  sodium-acetate  re- 
mains in  solution  ;  and  on  distilling  thin  oil,  and  col  loci  in;;  apart  tliat  which 
passes  over  after  the  temperature  lias  risen  to  2!)fF  0.  |aS4uP.),  a  crystalline 
substance  is  obtained,  hi-.  \  in  a;  the  composition  of  aocf.osnilcylo!  minus  one  mole- 
cule of  water:  this  so  ii  si  it.  i  toe  is  iilenl  ieal  in  evei  y  respect  with  natural  covma- 
ria,  C„H6Os.  The  dehydration  of  too  aeotosal iovlol  appears  to  be  due  t.o  the 
action  of  the  sodium-acetate,  perli,ips  to  the  formiili.oi  of  an  anhydroace- 
tate  or  biacetatc  of  sodium,  2l.'.,l-lsS;it>., .  I  -.,  i  1  ,.-t_>.5.  analogous  to  potassium 
anhydrosulphatc  (p.  207),  which  "appears  to  exert  a  more  powerful  dehy- 
drating action  than  acetic  oxide  itself. 

Coumarin  thus  obtained  bus  lost  tin;  properties  of  an  aldehyde,  no  longer 
uniting  with  alkaline  bisulphites;  it  differs  also  from  acetosnlicylol  in  noi 
being  split  up  into  noetic  acid  and  saUeylol  by  the  action  of  strong  potash, 
but  simply  taking  up  tin  aioin  of  water  ami  being  converted  into  coumaric 

Coumarin,  as  already  observed,  is  the  odoriferous  principle  of  the  Tonka 
beau.  It  may  be  often  seen,  forming  minute,  colorless  crystals  under  the 
skin  of  tha  seed,  ami  between  the  cotyledons.  It.  is  best  extracted  by  ma- 
cerating the  sliced  beans  in  hoi.  alcohol,  and,  nf'er  straining  through  cloth, 
distilling  off  the  greater  part  of  the  spirit.  The  syrupy  residue  deposits, 
on  standing,  crystals  of  ci  '  '  ' 

a  fal  oil  which  abounds  ii 

'■  drivi,  I'lj-ii.  if.  .Tom-iisl  raj  v.  5SU. 
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So  obtained,  coumftrin  forms  slender,  briiliaat,  colorless  needles,  fusible  at 
about  67°  C.  (157°  ]'.),  hoilin;;  between  :!'.I<.P  ami  2!.!lc  C.  (5S5°  J?.).  and  dis- 
tilling without  decomposition  at-  a  higher  temperature.  It  bits  a  fragrant 
odor  and  burning  taste;  is  vrr;  siight.ly  soluble  in  cold  water,  more  soluble 
in  hot  water,  and  in  rslcoliuL  ii  is  unallcci.cd  by  dilnle  acids  or  alkalies,  which 
merely  dissolve  it.  Uo ttiiijr  nitric  acid  converts  it  into  picric  acid,  and  a 
hot.  concentrated  solution  of  poiash  converts  it  into  eninnaric  acid,  C,HfiOj, 
and  eventually  into  salicylic  acid.  Coumariu  oxisr?  in  several  other  plants, 
as  in  Melilotus  officinalis,  .  Ispitk/u  odorn-a,  ami  AojiMxanihum  odorahtm. 

By  acting  on  sodium  saiieylol  iviih  butyric  nnd  valeric  oxides,  Perkin 
lias  obtained  hotnoloifnes  of  eouma.viu,  \  ]■/...  butyric  commit-in,  C^HijOj,  and 
valeric  coumariu,  C,jH,sOa. 

Anisic   Altlehytlo,  0„HBO.,.    ulso    called    Aniso-l  mid    Ifiidride   of  Anisyl,  i 


C,„HlsO     +     0„    =    CBH902    +     CsH,0<    +     OH,, 
Anise  oil.  Anisic  Osalic 

aldehyde.  acid. 

It  is  a  yellowish  liquid,  linvinc;  an  aromatic  odor  ami  a  burning  taste,  nearly 
insoluble  in  water,  but.  soluble  ii)  till  t > i ■ . i- : . : . i ■ : i ■: . i i ~  in  a.lcohol  and  ether.  It 
is  converted  by  oxidation  into  anisic  acid,  <'SM.,03;  by  nascent  hydrogen 
into  anisic  alcohol,  t.'J I ,„(>.„  and  forms  crystalline  cnminjnnds  with  all; aline 
bisulphites.       Ammonia   converts   '"  '         ■.■•■■. 

akr.k-i.'ii;  -potash  it  is  decomposed  ir 
yi.'iditifi  poia;,-ii;m  auisul.e  and  anisic  alcohol: 

2C8rr802       +        KOH        =        C6H,KOs       +        CgH^O 
aldehyde.  anisate.  alcohol. 

Oil  of  anise  is  a  solution  of  a  sal  id  sub.si.n  nee  called  annai-c.impiior,  having 
the  composition  C|0!lL.,O,  in  a.  fluid  oil  which  appears  to  have  the  composi- 
tion of  oil  of  turpentine.  The  anise-camphor  is  so  abundant  as  to  cause 
the  whole  to  solidify  at  10°  C.  (511°  I)'-)-  Uy  pressure  between  folds  of  bibu- 
lous paper,  and  crys  I  alii  nation  front  alcohol,  the  camphor  may  be  obtained 
pure.  It  forms  colorless  pearly  plates,  more  fragrant  than  the  crude  oil, 
which  melt  when  gently  heated,  and  distil  at  a  liijili  temperature.  This 
substance  is  atla.ckod  one) ^etically  by  chlorine,  bromine,  and  nitric  acid: 
it.  combines  with  hydrochloric  acid,  but  is  unaffected  by  solution  of  caustic 
potash.  "With  bromine  (he  solid  essence  yields  a  while,  inodorous,  crys- 
tallUable  compound,  bnnitaitkt'.l.  containing  i'^HJir.').  The  action  of  chlo- 
rine is  more  complex",  several  successive  compounds  being  produced.  With 
sulphuric  acid  two  products  are  obtained  —  :i  emu  pound  acid  analogous  to 
ethylsulphurie  acid,  and  a  white,  solid,  neutral  substance,  mrisoilt,  isomeric, 
with  the  fluid  essence. 

The  products  of  the  action  of  nitric  acid  vary  with  the  strength  of  the 
aoid  employed:  the  most  important  arc,  anisic  utikhydt ;  anisic  acid;  nitra- 
ittiti  acid,  a  yellowish-white,  crystalline,  sparine:!;'  soluble  powder;  and 
nilraniside,  a  resinous  body  produced  by  fuming  nitric  acid. 

Fmfurol,  CsHHOj. — When  sulphuric  acid  diluted  with  an  equal  bulk  of 
water  is  carefully  mixed  with  twice  its  weight  of  wheat-bran,  and  the  ad- 
hesive pasty  mass  obiained  is  exposed  in  :t  proper  vessel  to  the  action  of  a 
current  of  steam,  which  is  afterward  condensed  by  a  worm  or  refrigerator, 
it  liquid  is  obtained  which  holds  furfural  itt  solution.  By  redistillation 
several  times  repeated,  the  first  half  of  the  liquid  only  being  collected,  the 
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foifiirol  can  be  extracted  from  the  water,  and  then  by  distillation  alone 
obtained  in  a  state  of  purity.  The  production  of  i'livl'iirol  is  very  greatly 
increased,  and  the  ope  rati ■.■  1 1  much  facilitated,  by  previously  depriving  the 
"bran  of  all  starch.  eiliitin,  mul  suioble  mailer,  by  sleeping  it  in  cold  dilute 
solution  of  caustic  polash,  mid  washing  and  drying  by  gentle  heat  or  in 
tie  sun.  Maceration  in  cold  water  lor  some  lime  answers  the  same  pur- 
pose, owing  to  the  lactic  Moid  formed  in  that  case,  i'uifiirol  has  a  pale 
yellow  color,  and  a  fragrant  odor  like  that  of  oil  of  cassia:  its  specific 
gravity  is  M65,  and  it  boils  a(  1  U2"  C.  (Hi"  I1'.),  distilling  unchanged.  It 
dissolves  in  ail  projiorlions  in  alcohol  and  to  a  very  considerable  eitent  in 
water,  and  is  readily  destroyed  by  strong  acids  and  caustic  alkalies,  espe- 
cially when  aided  by  heat.  The  specific  gravity  of  ils  vapor  is  S'498. 
Furfurol  may  be  converged  into  silver  py  r.jL.ueii'.e  by  Ircating  its  aqueous 
solution  with  silver  oxide  : 

2C6H40,     -f    3Ag50     a     2C6IIaAgO,    +    2Ag,     -f-     OH,. 

In  contact  with  solution  of  ammonia,  furfurol  is  converted  in  a  few 
hours  into  furfur  twutk,  C16l  1,  ,03^„.  a-  ycllowisli-v.diite,  crystalline,  insoluble 
substance,  which  is  decomposed  slowly  by  water,  and  instantly  by  an  acid, 
'.nto  ammonia  and  furfurol.  It  may  be  crystallized  iVom  alcohol,  however, 
n  which  it  dissolves  without  change.  When  boiled  with  dilute  potash,  it 
S  converted  into  the  isomeric  compound  fur/uri-ae,*  which  is  a  base  1'orm- 
iijr  de:'.:ule  sails  with  acids. 

FirnusoL.  —  By  trealinj-  several  variHies  id'  fueus  w  :;  h  subiimy!::  aei'l  in 
cxaclly  the  same  manner  as  in  tlie  proparalioii  of  furfurol.  l)r.  Sieulniuse 
obtained  a  series  of  substances,  which  he  designates  by  the  terms  fueueol, 
fucusamide,  and  fucusirie.  They  have  exactly  the  same  composition  as  the 
corresponding  terms  in  the  furfurol  series,  and  ulsu  most  of  their  proper- 
lies,  but  differ  in  some  details. 


They  may  be  regarded   as  compounds  of  alcohol-radicals  with    acid  radi- 
cals  acetone,   for   example,   as  moi.hyl-ueeiy! ;   or  as  compounds  of  car- 

bonyl,  CO",  with  two  univalent  akuhol-vadieals,  which  may  be  either  tho 

00\CH,  UIC2HS 

Acctihc  or  methyl-  Methvi-propyl. 

acetyl. 

The  only  bodies  of  this  ela.ss  that  have  been  carefully  studied  are  those 
which  correspond  to  the  aldehvdos  <;„il;„0,  or  to  the   fatty  aeids  C„H2n02. 

The  names,  formulie,  and  boiling  points  of  the  best  known  ketones  of 
this  series  are  given  in  the  following  table : 


Name. 

,_„. 

Bom^P^, 

Acetone,  or  Methyl-acetyl      . 

Ethyhmetyl J 

|    risopropyl-acetyl 

|   I  Propjl-Hoetyl { 

i    IPiopione,  or  Ktbyl-propy1     . 

I  %  i  liiiiyi-iratyryl 

y'Z  il-ii.butyl-ncelyl 

■-  g   (.lliOyrait',  ■.[■  I'rojryl-lmt.vr.vl 

OOfOHjVCH,) 

Cij:*;biB.nuiiscn3i         • 

,:■■  Ci.CH.irCalU                 f 
] 

,-i'l  J!  :  li""6j     f 

COiCsHftCjfl,,) 

coiciMCiiftyu; 

5fi°     C.     158°  P. 

120°     •'      24&o  - 
133°     "      880"  " 

Tlie  keloims  of  iliis  group,  ci)i:t:Lininji;  two  t;.[siiviiluiits  of  the  si 
hoi- radical,  are  produced  : 

.  1.  By  tlie  action  of  carbon  monoxide  on  sodium  cthide  and  i 
logues : 

CO     +     2NaC„Hai+J    =    Naa     -f     CO{CnH„+1).r 


CO 

Carbon 


>";l. 


2.  By  the  action  of  zinc-methyl,  and  its  homologues,  on  the  acid  chlorides, 
C.H^-iOCl;  e.g.: 

Zn(CHs)        +       eC0CII,Cl    =     ZnCl,    +     2CO(CH„)a 

Zinc  nierfiide.  Acetic  Acetone. 

3.  By  the  oxidation  of  t-liu  secondary  alcohols;  thus: 


By  the  dry  distillation  of  tlie  calcinm-sait.s  of  the  fatty  acids 

°"{8iK:i   ■■■■   «*-°. 


C:,Vio 


■f         CO(CIIa)j 

,  \  L- 1."  I  I'ilU. 


The  ketones  formed  in   Hiis  manner  from    tlit:  successive  members  of  the 
fatly  acid  series  differ  from  one  anotner  by  twice  CH^;  thus : 

Acetic  acid     .      .      .      C.HjO,,  yields  Aeetono  .      .      .      CaH„0. 
Propionic  acid       .      .   CjHjO.j,       "        Propione  .      .      .  CsH1(10. 
Butyric  acid        .      .      C4HB03,       "        Bntyrone     .      .      C,lf„0. 
Valerie  acid     .     .     .  C6Hlth05,     "       Valerone  .     .     .  C,H180. 
The  intervals  arc  filled  up  liy  kucinii-s   containing  different  alcohol-radi- 
cals;  thus  ethyl-aeelyl,   04lL5O,  ov  02HS .  COtJlla,  w   intermediate  between 
acetone  and  propione. 

The  ketones  con  turn  nig  tv.-o  dUi'ove:i:   iiiriiini!  -vndinals  may  be  obtained 
liy  '.lie  second  of  r.lie  ]jro(n!«»«s  aiuivn  i;:vmi  ;   e.  g, : 

2C0CH3C1     +     Zn(Cslls)a     =     ZnCl,     +     2CO(CHa>(C,H6) 
Acetic  Zino  ethyl.  Ethyl  acetyl. 

chloride. 
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Or  by  distilling  a  mi xtnre  of  the  calcium-suits  of  two  >i liferent  fatty  acids  ; 
thus : 

Cn(COC4H8)2    +     Qa(COCff,),    =    2COsCa     +     2CO(CH,)(C,H0) 
Valev.it  e.  Acetate.  Butyl -acetyl. 

The  formation  of  aldehydes  by  (listiSiiug  a  mixture  of  a.  formate  with  the 
salt  of  another  fully  acid  ip.  GH4),  is  :i  particular  case  of  iJiiw  last  reaction. 

Another  mode  of  producing  l Ijomo  compounds  has  been  given  by  Frank- 
land  and  Duppa,*  depending  on  i.lie  consecutive  action  of  sodium  and  the 
iodides-  of  the  alcohol  radicals  t'?[.K!in_1,  oa  acetic  ether ;  but  we  must  be 
omicut  wilh  referring  toil. 

Every  ketone  is  isomeric  with  an  a.hlehvde  belunjrimr  to  the  same  series; 
thus  acetone,  CHV  COCII3,  is  isomeric  with  nroidonio  ahlehyde,  C2H,.  COH; 
but.yrono,  C.,H„  .'COI"all,,  wiili  tenant.liyiie  aldehyde,  rflJl13  .  COll,  ccc. 
r'ortuie  acetone.  11  .  Cltll,  is  identical  with  formic  aldehyde. 

Ketones  resemble  aldehydes  in  forming  crystalline  compounds  with  al- 
kaline bisulphites,  from  v.  hi  eh  the  keiotie  may  be  liberal  cd  by  (list  ill  at  ion 
with  mi  alkali.  They  differ  from  I  lie  aldehydes  :  1 .  In  mil.  be-in  j»  converted 
by  oxidation  into  1.1  m  cotTcspimding  acid.-.  —  --,  In  being  converted  by  nas- 
cent hydrogen  kilo  secondary  alcoiio'.s,  whereas  the  aldehydes  are  con- 
vcrt.cd  into  primary  alcohols.  —  I).    In  not  combining  with  aniline. 

The  only  ketone  that  lias  been  studied  in  detail  is  u(ftr>!i?.  C dih.O.  "M' 
ketone  of  acetic  acid.  This  body  is  iirepared,  as  already  observed,  by  the 
destructive  distillai  ion  of  a  eel  ate?,  the  calcium  or  the  lead  salt  being  the 
most  convenient,  for  the  purpose.  The  crude  distillate  is  saturated  with 
potassium  carbonate,  ami  aflcrivanls  rectified  in  a  water-bath  from  calcium 
chloride.  Acetone  may  also  he  prepared  by  passing  the  vapor  of  strong 
acetic  acid  through  an  iron  tube  healed  to  null  redness,  the  acid  being  re- 
solved into  aeeioue,  carbon  dioxide,  carbon  monoxide,  and  carbureiteil  hy- 
drogen. 

Acetone  is  also  produced  in  the  desmicTivc  distillation  of  citric  acid,  and 
maybe  procured  from  sugar,  starch,  and  gum.  by  distillation  with  eight 
lioies  1  heir  weight  of  pondered  quicklime.  The  acetone  is,  in  this  case. 
accompanied  by  nropiouc,  which  is  an  oily  liquid,  separable  from  the  ace- 
tone !iy  water,  in  which  it.  is  insoluble. 

Pure  acetone  is  a  colorless  limpid  liquid,  of  peculiar  odor:  it  has  a 
density  of  0-792,  and  boils  at.  f.fi-5"  C.  (ll!2°  !■'.);  the  density  of  its  vapor 
(referred  to  air)  is  2'fK>2.  Acetone  is  very  inflammable,  and  burns  with 
a  bright  flame:  it  is  miscible  in  all  proportions  with  water,   alcohol,  and 

Nascent  Jiytlmyen  converts  ii  into  Isopropyl  a'.-nhol  ;'p.  !;■',]):  hot  at  the 
same  time  a  portion  of  the  acetone  doubles  its  molecule,  and  likewise  takes 
up  hydrogen,  being  :hercbv  con  vent-.  I  in'o  a.  cv\stn!!ino  substance,  jrinu- 
cone,  Ceiru0j   -  20aHf.O  -|    If,,  which  is  perhaps  a  diatomic  alcohol. 

Acetone  lecaied  wit h   hiiiirni'.ijiinie  add,  y~'—       ■■  '    '  ■■  '■' 

converted  into  acetonic  acid,  C4If803, 
acid: 

C4H,0     +     CNH     +     20HS     +     HC1    =    NH,C1    +    CJIB03. 
When  acetone  ishea-ed  to  LOO"  with  runnier,!:!,  the  two  unite,  with  (dim 
Hon  of  water,  forming  a   basic  cnmpouie.l,  uteXuhhie,  related  to   ace  ton 
the  same  manner  as  amarine  (p.  COdj  lo  benzoic  aldeliyde  ; 

3CSH„0       -f       2NH,      =      N,(C,H,)",      +       30H8. 
Acetone.  Ac.ctonine. 


>  gbeui,  Soc.  Journal  [2],  v.  103. 
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Acetone  distilled  with  fi.mir,.-/  sulph'o-'c  nclil,  or  oilier  powerful  dehydrat- 
ing agents,  is  converted  into  m-sih/lviw..  t.yi,,  ■--.  :S(.'3llBt)  —  OH,  (p.  499). 
riiDrpimrus  pertlaeh-'iriik  convorts  nceionc  in'.u  tin;  compound,  C3HSC1,,  iso- 
meric with  propone  chloride: 

C,H80         +         PClt        =        PCL.0         +        0,H,C1, 

This  chloride  differs  in  tnjilina-  pohil  IVinn  propeiio  cMoride,  hut  resem- 
bles the  latter  in  iis  reaction  ■.villi  alcoholic  potash,  which  converts  it  into 
chloropropene,  0,115I.'S,  identical  with  dial  obtained  from  propene. 

IIijtliwMriTK  ncid  likewise  converts  neeloiie  into  a  body  composed  of 
CgHjCl,  but  isomeric,  not  identical,  with  the  prceedinir.  This  compound, 
culled  maityl  ddvri'lt,  is  converted  liv  alcoholic  pctusji  into  nusityi  oxide, 
(C3H6)aO: 

2C„H6CI     +     2KOH     =     2KC1     -f      OH,     +      (C,Hf),0  j 


ketone.;  two  only  are  known,  viz.,  benzene   and  mothy!- 
oenzoyi. 

Bemone  or  Bcnsapiiniw,  P|3H-..,0.  or  <"',II.  .  fOf'JI.,  the  ketone  of  benzoic 
acid,  is  produced  by  heating  polonium  hcii/intio  :  it  is  a  crystalline  body 
melting  at  4G=  C.  {115°  I'.),  "boiiinjr  at.  lil.r'C.  (599°  F.),  and  distilling  with- 
out dcuumposition.  Warm  funiins  nitric  ncid  converts  it.  into  dinitroben- 
zonc,  Cl3H8(NO,),0. 

Methyl-bemoyl,  CHa .  COCBHs,  is  formed  by  distilling  a  mixture   of  c 
cinni  acetate  and  benzoate. 
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ORGANIC  COMPOUNDS  CONTAINING  NITROGEN. 


CYANOGEN  COMPOUNDS. 
We  have  already  mentioned,  (p.  237)  that  the  name  cyanogen  is  applied 
to  the  univalent  radical  CN.  derived  from  the  saturated  molecule  Civ  i  „  , 
by  abstraction  of  hydrogen.  Cyanogen  is  a  cidorous  acid  or  negative  rad- 
ical, analogous  to  chlorine,  bromine,  and  i inline  :  iis  compounds  with  metals 
and  other  positive  radicals  are  on  lied  cyanides: 

Hydrogen  cyanide,  or  Hydroeyanic  acid    .  .      C   N'"H 

l'niassiutn  cyanide CL*N"'K 

Ethyl  cyanide ON"'C;H5 

l!:irium  cvanide (C>*N'"\2Iia" 

Athene  cyanide (f>N'"'U tyi 1\" 

Proponyl  cyanide (C'*N''")11(C8H1j"' 

Cyanogen,  in  its  capacity  of  a  quasi-elcmcnt,  is  oft.™  represented  by  the 
symbol  Cy. 

C=N 
Cyanogen  in  the  free  state,  i\N.,.  or    j  ,  may  bo  obtained  by  decom- 

■  C=N 
posing  cer lain  metallic  Cyanides.  Pulverised  atid  well  dried  mercuric  ey- 
aliide,  ((!N  (Jig",  heated  jn  a  una!',  retort  of"  hard  edass,  undergoes  decom- 
position, like  the  oxide  under  similar  circumstances,  yielding  metallic  mer- 
cury, a  small  quantity  of  a  brown  substance.,  of  which  mention  will  again 
be  made,  and  cyattoaeii  itself,  a  colorless,  permanent  gas,  which  must 
be  collected  over  mercury.  Ir.  has  a  pungent,  and  very  peculiar  odor, 
remotely  resembling  tit  at  of  peach -kern  els.  or  hydrocyanic  acid ;  exposed 
while  at  the  tempeialtir.'  of  '■'!'-  C.  {d0°  !■'.}  to  a  pressure  of  3-B  atmospheres, 
it  condenses  to  a  thin,  colorless.  Irausjutreril  liquid.  Cyanogen  is  inflam- 
mable :  it  burns  with  a  beautiful  purple  or  peaeh-blossom-colored  flame, 
generating  carbon  dioxide,  and  liberating  nitrogen.  The  specific  gravity 
of  this  gas  is  1-800.  lis  eoniposiliou  may  be  demonstrated  by  mixing  it 
with  twiaa  its  measure  of  pure  oxygen,  and  tiring  '  '"■  mixture  in  the  eudi- 
ometer ;  carbun  dioxide  i-  fort:.ed  equal  in  volume  to  the  oxygen  employed, 
and  a  volume  of  nitrogen  equal  to  tint!  of  (he  cyanogen  is  set  free. .  Water 
dissolves  i  or!)  times  its  volume  of  cyanogen  pis,  and  alcohol  a  much 
larger  quantity  :  the  solution  rapidly  decomposes,  yielding  ammonium -ox- 
alate,   (CjN2-p.40H5  =  C^NI^ijO^),    a  brown  insoluble  matter,  and  other 

Vabacyanoqen.  —  This  is  the  brown  or  blackish  substance  above  re- 
ferred to,  which  is  always  formed  in  small  quantity  when  cyanogen  is 
prepared  hy  heating  mercuric  oynnide,  and  probably,  also,  by  the  decom- 
position of  solutions  of  cyanogen  and  of  hydrocyanic  acid.      It  is  insoluble 

tains,  according  to  Johni 
as  cyanogen. 
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Hydrogen  Cyanide;  Hydrocyanic  or  Prussia  Acid,  IlCy.— Tills  very  im- 
portant compound,  so  very  remarkable  for  its  poisonous  p  ret  per  lies,  was 
discovered  as  early  as  '.'i~-  by  Jicbeclo.  It.  may  bit  formulated  as  azometkanc, 
C!'  I  jl  ;  that  is  to  say,  methane  or  marsh-gas  having  three  of  its  hydro- 
gen-,! torn  a  replaced  by  nitrogen,  or  as  mrihavil  vitrih;  {CH)///N,  that  is, 
ammonia  in  which  the  three  atoms  of  hydrogen  are  replaced  by  the  triva- 
lont  radical  methenyl. 

Hydrocyanic  acid  may  be  prepared  in  a  stale  of  purity,  and  anhydrous, 
by  the  following  process-.  A  lung  g::iss  tube,  tided  with  'Iry  mercuric  cyan- 
ide, is  connected  by  one  extremity  with  an  arrangement,  fur  furnishing  dry 
sulphuretted  hydrogen  gas,  while  a  narrow  lube  attached  (u  the  olher  end 
h  made  to  pass  into  a  nan'iiw-nec);ed  phial  plunged  into  a  freezing  mix- 
ture. Gentle  heal  is  applied  to  the  tube,  the  contents  of  which  suffer  de- 
composition in  conl  net.  with  the  gas,  men; uric  sulphide  and  hydrogen  cyan- 
ide being  produced  :  the  latter  is  condensed  in  (lie  receiver  to  the  liquid 
form.  A  little  of  Hie  mercuric  cyanide  should  be  left  undecomposed,  to 
avoid  contamination  of  the  product  with  sulphuretted  hydrogen.  The  pure 
acid  is  a  thin,  colorless,  ar.d  exceedingly  volatile  li'piid.  which  has  a  den- 
sity of  0-7058  at  :■-•"  C.  (-.1.5"  I?.),  boils  at  l>tVl°  C.  {73°  F.),  and  solidities, 
when  cooled,  to  — 18°  C.  (—04°  F,);  its  odor  is  very  powerful  and  most 
characteristic,  much  resembling  that  of  peach -blos.se tits,  or  bitter- almond 
oil  |  it  has  a  very  feeble  aciil  reaction,  and  mixes  with  water  and  alcohol 
in  all  proportions.  In  the  anhydrous  state  this  substance  constitutes  one 
of  the  moat  formidable  poisons  known,  and  oven  ■■■,  lien  largely  diluted  with 
water,  ils  cffcols  upon  the  animal  system  are  exceedingly  energetic:  it  is 
employed,  however,  in  medicine,  in  very  small  doses.  The  inhalation  of 
the  vapor  should  be  carefully  avoided  in  all  experiments  in  which  hydro- 
cyanic acid  is  concerned,  as  it.  produces  headache,  giddiness,  and  other 
disagreeable  symptoms:    ammonia  and  chlorine  are  the  best  antt dotes. 

The  acid  in  its  pure  form  can  scarcely  be  preserved  ;  even  when  enclosed 
in  a  carefully  stopped  bottle,  it  is  observed  after  a  very  short  time  to 
darken,  and  eventually  to  deposit,  a  black  substance  containing  carbon, 
nitrogen,  and.  ecrhnii-  hydrogen  :  ammonia  is  formed  at  the  same  time,  and 
many  other  products.  Light  favors  this  decomposition.  Even  in  a  dilute 
condition  it  is  apt  to  decompose,  ueeomtng  brown  and  turbid,  but  not  al- 
ways with  the  same  facility,  some  samples  resisting  change  for  a  great 
length  of  time,  and  then  suddenly  solidifying  to  a  brown,  pasty  mass  in  a 
few  weeks. 

When  hydrocyanic-  acid  is  mixed  h  it  I:  con  cent-ruled  mineral  acids,  hydro- 
chloric acid,  for  example,  the  whole  solidities  to  a  crystalline  paste  of  sal- 
ammoniac  and  formic  acid: 

CNH         -f-        2H,0        =        NH,        +         CHsOs. 
On  the  other  hand,  when  dry  ammonium   formate  is  heated  to  200c,  it  is 
almost  entirely  converted  into  hydrocyanic  acid  and  water. 

Aqueous  solution  of  hydrocyanic  acid  may  be  prepared  by  various  means. 
The  most  economical,  ami  by  far  tiie  best,  where  considerable  quantities 
are  wanted,  is  to  decompose  yellow  potassium  foi  roeyauide  at  boiling  heat 
with  dilute  sulphuric  acid.  For  example,  ot.Ht  grains  of  the  powdered  fer- 
roeyanide  may  be  dissolved  in  four  or  five  ounces  of  warm  water,  and  in- 
troduced  into  a  capacious  flask  or  globe,  connected  by  a  perforated  cork 
and  wide  bent  tube  with  a  l.ioiiig's  condenser  well  supplied  with  cold  wa- 
ter ;  300  grains  of  oil  of  vitriol  are  diluted  with  three  or  four  times  as 
much  water  and  added  to  the  contents  of  the  fin  si: ;  and  the  distillation  is 
carried  on  till  about  half  the  Ihpiid  lias  distilled  over,  after  which  the  pro- 
cess may  he  interrupted.  The  residue  in  the  retort  is  a  white  or  yellow 
69* 
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■,  consisting  of  potassm-ferrous   ferrooyanido  (see  p.  707),  mixed  witli 

"' sulphate: 

2K,Pe"Cy,    +     8SOjHa    =    6HCy     +     KJ«"fPYe     -t-    3SO,Ks 
Potassium  Hydrogen       Hydrogen  i'otassio-  Potassium 

ferroeyaoide.         sulphate.        cyanide.  ferrous  sulphate. 

ferrocyanide. 
When  hydrocyanic  sei.l  is  wanted  fur  the  purposes  of  pharmacy,  it  is 
best  to  prepare  a  strong  solution  in  t::t'  manner  above  described,  and  then, 
having  ascertained  its  exact  strength,  to  dilute  it  with  pure  water  to  the 
standard  of  the  Pha-rmaeoprcia,  viz..  2  prr  cent,  of  real  acid.  This  exami- 
nation is  best  made  l>y  preoipi  lining  with  cx-cess  of  silver  nitrate  a  known 
weight  hi i'  the  acid  to  I.hj  t i-Iei.l,  oollcctimi;  the  iusotu'.i'.e  siKci'  cyanide  i.pon 
a  small  filler  previously  weighed,  washing,  drying,  and  lastly  reweighing 
the  whole.  From  the  weight  of  tin.'  cyanide  tlmt  of  the  hydrocyanic  acid 
can  be  easily  calculated,  a  molecule  of  the  one  [t.'N  .\ -= —  1  ;14)  corresponding 
to  a  molecule  of  the  other  ii'M!-  27} ;  or  the  weight  of  the  silver  cyanide 
may  ho  divided  by  6,  which  will  give  a.  close  approximation  to  the  truth. 

Another  very  good  method  for  determining  the  nmuuu!  of  hydrocyanic 
acid  in  a  liquid  Ins  horn  suggested  by  l.isliig.  It.  is  based  upon  the  pro- 
perty possessed  by  potassium  cyanide  of  dissolving  a  quantity  of  silver 
cyanide  sufficient  to  produce  with  it  a  diml-.li>  cyanide  com  timing  equivalent 
quantities  of  silver  cyanide  and  potassium  cyanide  (KOy  .  AgCy).  ilenee 
a  solution  of  hydrocyanic  acid,  winch  is  supersaturated  with  potash,  and 
mixed  with  a  few  drops  of  solution  oi'  common  salt,  will  not  yield  a  perma- 
nent precipitate  with  silver  nitrate  before  the  whole  of  the  hydrocyanic 
acid  is  converted  into  the  above  double  salt.  11  uc  know  the  amount  of 
silver  in  a  given  volume  of  the  nitrate  solution,  it-  is  easy  to  calculate  the 
quantity  of  hydrocyanic  acid:  tor  this  quantity  will  stand  to  the  amount 
of  silver  in  the  nitrate  consumed,  ;is  2  molecules  of  hydrocyanic  acid  to  1 
atom  of  silver,  i.  e.  : 

108  :  54  =  silver  consumed  :  x. 
It  is  a  common  remark,  (hat  the  hydrocyanic  acid  made  from  potassium 
ferroeyanide  keeps  boiler  than  that  made  by  other  means.  The  cause  of 
this  is  ascribed  to  (lie  presence  of  a  trace  of  mineral  acid.  Everitt  found 
that  a  few  drops  of  hydrochloric  acid,  added  to  a  large  bulk  of  the  pure 
dilute  acid,  preserved  it  from  decomposition,  while  another  portion,  not  so 
treated,  became  completely  spoiled. 

Avery  convenient  process  for  the  extemporaneous  preparation  of  an 
acid  of  definite  strength,  is  (o  decompose  n  known  quantity  of  potassium 
cyanide  with  solution  of  tarta.ric  acid  :  100  grains  oi"  crystallized  tartaric 
acid  in  powder,  14  grams  of  potas-dum  cyanide,  and  i  measured  ounces  of 
distilled  water,  shaken  up  in  a  phial  for  a  few  seconds,  and  then  left  at 
rest,  in  order  that  the  precipitate  may  subside,  will  yield  an  acid  of  very 
nearly  the  required  strength.  A  little  alcohol  may  he  added  to  complete 
the  separation  of  the  cream  of  tartar  :  no  till  ration  or  other  treatment  need 
be  employed. 

The  production  of  by  dru  cyanic  acid  from  bit  lee  almonds  has  boon  already 
mentioned  in  connection  wilh  the  history  of  this  volatile  oil.  Bitter  al- 
monds, the  kernels  of  plum-  and  p. .'aclns.  the  seeds  tit'  I  ho  apple,  the  leaves 
of  the  cherry-) an rel,  and  various  other  pacts  of  plants  belonging  to  the 
great  natural  order  I!i)s,ic<«r.  yield  on  distillation  wilh  water  a  sweot.-smcil- 
ing  liquid  containing  hydrocyanic  acid.  This  is  probably  due  in  all  cases 
to  the  decom  position  of  a  my  alalia  under  tlio  in  Hue  nee  of  emulsin  or  synap- 
tase  present  in  the  organic  slntcltire  (p.  i>7<l).  Hydrocyanic  acid  exists 
ready  formed  to  a  considerable  extent,  in  the  juice  of  the  hitter  cassava. 
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The  presence  of  hydrocyanic  acid  is  detected  wbh  i-hc  utmost  case :  its 
remarkable  odor  and  liigli  (loaa-co  of  volatility  almost  sufficiently  charac- 
terise it.  Witl)  solution  of  silver  nil  rate  il  gives  :i.  dense  curdy  white  pre- 
cipitate, miicli  resembling  i!:o  eh'.orido,  but  differing  from  that  substance 
in  net  blackening  so  readily  by  lighl.  In  being  soluble  in  boiling  nitric  acid, 
and  in  suffering  complete  decomposition  when  boated  in  the  dry  state,  me- 
tallic silver  being  loft :  i.lie  chloride  under  (lie  same  ci  i-ounisl.anees  merely 
fuses,  but  undergoes  no  chemical  change.  Tlio  production  of  Prussian 
blue  by  "Scheele's  lest  "  is  nu  excellent  ami  mosl  decisive  experiment-,  which 
may  be  made  with  a  very  small  quantily  of  the  .acid.  The  liquid  to  be  ex- 
amined 13  mixed  with  :l  few  drops  of  solution  of  ferrous  sulphate  and  an 
excess  of  caustic  poiash,  and  I  bo  whole  exposed  to  the  air  for  10  or  15  min- 
utes, with  agitation,  whereby  the  fun-mis  suit  is  partly  converted  into  ferrio 
salt:  hydrochloric  ae'd  is  then  added  in  excess,  which  dissolves  the  iron 
oxide,  and,  if  hydrocyanic  acid  Vie  present,  loaves  Prussian  blue  as  an 
insoluble  powder.  The  reliction  will  be  explained  in  connection  with  the 
i'on'oey.inidcs  (p.  707). 

Another  very  deli  col  i-  icsl  for  hydrocyanic  acid  will  bo  niont.iotied  in  con- 
nection with  snip  ho  cyanic  acid. 

Metallic  Cyanides.  —  The  most  important  of  the  metallic  cyanides  arc  (he- 
following;  they  bear  the  most,  perfect  analogy  to  the  haloid  salts. 

Potassium  Cyanide,  CMK  or  KCy.  --  Potassium  honied  in  cyanogen  gas, 
takes  tire  and  burns  in  a  very  beautiful  manner,  yielding  potassium  cy- 
anide: the  same  substance  is  produced  when  potassium  is  heated  in  the  va- 
por of  hydrocyanic  acid,  hydrogen  being  liberated.  When  pure  nitrogen 
gas  is  transmitted  through  n  white-hut  lube  eon rai nine:  a  mixture  of  potas- 
sium carbonate  and  charcoal,  a  small  quantity  of  potassium  cyanide  is 
formed,  which  settles  on  the  cooler  portions  of  The  tube  us  a  while  amor- 
phous powder  :  carbon  monoxide  is  at  the  same  lime  evolved,""  If  a/.oi  ized 
organic  matter  of  any  kind,  capable  of  i'urnh-hing  ammonia  by  destructive 
distillation,  as  horn-shavings,  pai-iugs  of  hides.  &c,  be  heated  to  redness 
with  potassium  carbonate  in  a  close  vessel,  a  very  abundant  production  of 
potassium  cyanide  results,  which  cannot,  however,  be  advantageously  ex- 
tracted by  direct  means,  but  in  practice  is  always  convened  into  ferrooy- 
auide,  which  is  a  much  inure  si  able  substance,  a  ml  crysiallizes  better. 

There  are  several  method-  by  which  iioias-iuiii  cyanide  may  be  prepared 
for  use.  It  may  he  made  by  passing  the  va  [-.or  of  hydrocyanic  acid  into  a 
cold  alcoholic  solution  of  potash  :  the  salt  is  then  deposited  in  the  crystal- 
line form,  and  may  be  separa.l  i;d  from  I  he  liijuid.  pressed,  and  dried.  Po- 
tassium forvocyaiiido,  beared  to  whiteness  in  a  nearly  close  vessel,  evolves 
nitrogen  ami  oilier  gases,  and  leaves  a  mi. ■turn  of  carbon,  iron  carbide,  mil 
potassium  cyanide,  which  laiter  salt  is  nor.  decomposed  unless  the  temper- 
ature is  excessively  high.  Mr.  Donovan  recommends  the  use  in  this  pro- 
cess of  a  wrought.- iron  mcveui-y-boliic,  which  is  to  be  half -filled  with  the 
ferrocyanide,  and  arranged  in  a  good  air-furnace  capable  of  giving  the 
requisite  degree,  of  heat;  a  bent,  iron  tube  is  lilted  to  the  mouth  of  the 
bottle  and  made  to  dip  half  an  inch  into  a  vessel  of  water:  this  serves  to 
give  exit  to  the  gas.  The  bottle  is  goully  healed  a.l-  first,  but  the  tem- 
perature is  ultimately  raised  to  whiteness.  When  no  more  gas  issues,  the 
tube  is  stopped  with  a  cork,  and,  when  the  whole  is  quite  cold,  the  bottle 
is  cut,  asunder  in  the  middle  by  means  of  a  chisel  ami  sledge-hammer,  and 
the  pure  white  fused  sail-  carefully  separated   from  the  black  spongy  mass 
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below,  and  preserved  in  a  well-stopped  bottle :  (lie  Illicit  substance  con- 
tains much  cyanide,  which  may  be  extracted  by  a  little  cold  water.  It 
would  be  bettor,  perhaps,  in  The  iore.going  process,  to  deprive  thepotassium 
ferrucyaiiide  of  its  wiir.iT  of  crystallization  before   introducing  it  into  the 

Lie-big  lias  published  :i  very  easy  and  oxeelieiil  process  for  making  potas- 
sium cyanide,  which  does  not,  however,  yield  it  pure,  but  mixed  with 
potassium  cyanate.  For  most  of  the  applications  of  potassium  cyanide, 
electro-plating  and  gilding,  for  example,  for  which  .1  considerable  quan- 
tity is  now  required,  this  impurity  is  of  no  consequence,  flight,  purls  of 
potassium  foriocyanide  are  rendered  anhydrous  by  gentle  heat,  and  inti- 
mately mixed  Willi  3  pans  of  dry  potassium  carbonate  :  this  mixture  is 
thrown  into  a  red-hot  earthen  crucible  and  lio.pt.  in  fusion,  with  occasional 
stirring,  until  gas  cease*  to  be  evolved,  and  (he  fluid  portion  of  the  mass 
becomes  colorless.  The  crucible  is  left,  at  rest,  for  a.  moment,  and  then  the 
clear  salt  decanted  from  the  heavy  black  sediment,  at  the  bottom,  which  is 
principally  metallic  iron  in  a  stale  of  minute  division.  The  reaction  is 
represented  by  the  equation: 

K4Fe"Cyc     +      COjK,    =     5KCy     -f-     CyEO  -f     Fe  +     CO,. 
Fcrrocyauiile.      Carbonate.       Cyanide.         Cyanate. 
The  product  may  be  advanrjigoously  used,  instead   of  potassium  ferroey- 
anide,  in  the  preparation  of  hydrocyanic,  acid,  by  distillation  with  diluted 
nil  of  vitriol. 

I'oli  —  iiim  cyanide  forms  colorless,  cubic  or  octoliodral  crystals,  deli- 
e,'jecccm  iti  the  air,  and  exceedingly  soluble  in  -water ;  it  dissolves  in  boil- 
ing aUoliol,  but  separates  iii  great,  measure  on  cooling.  It  is  readily 
fusible,  and  undergoes  no  change  at  a  moderate  red  or  even  white  heat, 
nhi'ii  excluded  from  air:  otherwise,  oxjgeu  is  absorbed  and  the  cyanide 
l.reo:...--'  cyanate.  Its  solution  always  lias  an  alkaline  reaction,  and  when 
exposed  in  the  ail-  evhales  the  odor  of  hydrocyanic  acid:  it  is  decomposed 
liv  [be  feeblest  acids,  even  I  lie  carbonic  acid  of  l-lie  atmosphere,  and  when 
boiled  in  a  retort  is  slow  iy  convert  oil  into  potassium  formate,  with  separa- 
tion of  ammonia.  This  salt  is  anhydrous:  it  is  said  to  be  as  poisonous  as 
hydrocyanic  acid  itself. 

Potassium  cyaniiio  bus  been  tie  rived  from  a  curious  and  unexpected 
Source.  In  .some  of  the  iron  f'arua.ces  in  Scotland,  whore  raw  coal  is  used 
for  fuel  with  the  hot.  blast,  a  saline. -looking  substance  is  occasionally  ob- 
served to  issue  in  it  fused  state  from  ihe  tuyere-holes  of  the  furnace,  and 
concrete  on  the  outside.  This  pi.aived,  on  examination  by  Dr.  Clark,  to  be 
principally  potassium  cyanide. 

Souium  Cvakidk,  NaCy,  is  a  very  soluble  sail,  corresponding  closely 
wirii  the  forogoina,  a  ml  obtained  by  similar  means. 

Ammonium  Cyakiiih,  Kit, Cy. — ■This  is  a  colorless,  crysta.iii/ablc,  and 
very  volatile  substance.,  prepared  by  disrilling  a  mixture  of  potassium 
cyanide  and  sal-ammoniac  ;  or  by  mingling  rho  \a.por  of  anhydrous  hydro- 
cyanic acid  with  ammoniacal  gn.s  ;  or,  lastly,  according  to  the  observa- 
tions of  M.  Langlois,  by  passing  ammonia  over  red-hot-  charcoal.  It  is 
very  soluble  in  water,  subject  to  spontaneous  decomposition,  and  is  slightly 
poisonous.    '■ 

Mercuric  Ciasiiik,  jCS},Hg'-',  or  Ug'-'Cy... — One  of  the  most  remark- 
able properties  of  cyanogen  is  its  powerful  attraction  for  certain  of  the 
less  oxidable  metals,  as  silver,  and  more  particularly  for  mercury  and  pal- 
ladium. Dilute  hydrocyanic  acid  dissolves  finely  -powdered  mercuric 
oxide  with  the  utmost  ease :  the  liquid  loses  all  odor,  and  yields  on  evapo- 
ration crystals  i>\'  mercuric  cyanide.  Potassium  cyanide  is  in  like  manner 
doc  am  posed  by  mercuric  o.vide.  potassium   hyilra.tc  boiu:;  produced,      Mer- 
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curie  cyanide  is  jienes'iilly  prepared  from  cutiitioti  potassium  ferrocy- 
anide ;  2  parts  of  the  -alt  are  dissolved  in  IS  purls  of  hut  water,  and  3 
parts  of  dry  mercuric  sulphate  are  lidded ;  the  whole:  is  boiled  for  fifteen 
minutes,  and  filtered  ln.it.  from  the  iron  oxide,  smith  separates.  The  solu- 
tion, on  cooling,  deposits  ihe  mercuric  cyanide  in  crystals.  Mercuric 
cyanide  forms  white,  translucent  prisms,  much  j-fwt-mbli njr  those  of  corro- 
sive sublimate :  it  is  soluble  in  S  parts  nf  cold  water,  and  in  a  much  smaller 
quantity  at  a  higher  temperature,  n:id  also  in  alcohol.  Tlic  solution  has  a 
disagreeable  metallic  taste,  is  very  poisonous,  and  is  net  precipitated  by 
alkalies.     Mercuric  cyanide  is  used  in  the  laboratory  as  a  soureo  of  cyan- 

Silvbr   Cyanide,    AgCy,    has   been    already   described,  —  Zinc   cyanide, 

ZnCyj,  is  a  white  insoluble  powder,  prepared  by  mis  iiig  zinc  acetate  with 
hydrocyanie  acid,  — ColtiH  riianidi:,  '.'"('Vj,  is  obtained  by  similar  means: 
it  is  dirty-white,  and  insoluble. —  I'tdUniium  c;/a/i>di;  I'd(!yr  forms  a  yel- 
lowish-white precipitate  when  ihe  chloride  oi"  ihai.  metal  is  mixed  with  a 
soluble  cyanide,  including  that  of  mercury.  —  Auric  eyanide,  AuCyB,  is 
yellowish- white  and  insoluble,  but  freely  dissolved  by  solution  of  potas- 
sium cyanide. 

Ikon  Cyanides. — These  compounds  are  scarcely  known  in  the  separate 
state,  ou  account  of  their  great  tendency  (o  form  double  salts.  On  adding 
potassium  eyanide  to  a  ferrous  suit,  a  yellinyi»!i-red  f' Occident  precipitate 
is  formed,  consisting  chiefly  of  ferrous  cyanide,  I'ol.'y,,  but  always  con- 
taining a  certain  fpiaotily  of  potassium  eyiiiii.de,  ami  dissolved  as  ferrocy- 
anide  by  excess  of  that  salt.  Ferric  cyanide,  Vn.J'-y,-.,  is  known  only  in 
solution.  Pelouze  obtained  an  insoluble  green  compound  containing 
Fc3CyB,  or  FaCy2.  Vafiy^,  by  passing  chlorine  gas  into  a  boiling  solution 
of  potassium  ftsrro cyanide. 

The  iron  cyanides  unite  with  other  metallic  cyanides,  forming  two  very 
important  groups  of  compounds,  called  jen-vc'i'tiK'ks  and  fa-rivytmities,  Ihe 
composition  of  which  m:iy  be  illustrated  by  the  respective  potassium-sails: 


It  will  be  seen  from  those  fonnuho,  that  the  ferro-  and  fervicyanides 
differ  from  one  another  only  by  one  atom  of  univalent  metal,  and,  accord- 
ingly, it  is  found  that  the  former  ociy  be  converted  into  the  latter,  by  the 
action  of  oxidizing  juiota.I-ahsti-actin»)  ac'ous,  and  the  latter  into  the  for- 
mer by  the  action  of  reducing  (lueial-iuidiug)  agents.  Thus  potassium 
forrocyanide  is  easily  converted  into  the  ferricyanidc  by  the  action  of  chlo- 
rine, and  many  double  ferrocyunides  may  be  formed  from  ferricyanides  by 
the  action  of  alkalies  in  presence  of  a  reducing  agent;  thus  potassium 
ferrioyanide,  K3FV"t>6,  is  easily  converted  into  ammonio-lripotassic  fer- 
roeyanide,  (KH,jKjl,'e"C_vfi,  by  the  action  of  ammonia  in  presence  of  glu- 

*  Strictly  aljenkiiiR,  lis.;  li.nioiti  of  potiiwOim  IV  j-vi.-viir,:,l(-  sliotilil  !n>  f>T;Cy.Pe'",e\-„  fscc 
1  I    (liiit  of  tins  fc-i-rci- 
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Fenuciiojuiks, 
Potassium  Feehih^-aktih;,  K,l\','Cy(i,  or  4KCy  .  Fe"0y2,  commonly 
called  yellow  pmssiule.  of ' jiolush.  -■■■  This  iniport.'im.  suit  is  formed : —  ].  By 
digesting  precipitated  ferrous  cyanide  in  aqueous  solution  of  potassium 
cyanide.  —  2.  By  digesting  IV: j-i  ous  hydrate  with  potassium  cyanide,  potash 
being  formed  sir.  the  same  time: 

BKCy     +     Fe"HsO,    =    2KHO    +     K,Fe"Cy6, 
3.  Ferrous  cyanide  with  aqueous  potash; 

3F"Cys    +     4KHO    =    2Fe"Ha02     +     K^'Cy,. 
i.   Aqueous  potassium  cyiiuide  v.'ith  metallic  iron  :   if  (lie  air  lie  excluded, 
hydrogen  i-s  evolved; 

BKCy     +     Fe     +     20H,    =-.    K4Fe"Cy6    -f     2KHO     +     Ha; 
but  if  the  air  has  access  to  Ibo  liquid,  oxvgcn  is  absorbed,  and  no  hydrogen 
is  evolved: 

BKCy     +     Fe     +     OH,    +     0     =     K4Fe"Cyfl     +     2KHO. 

5.  Ferrous  sulphide  v.itli  a;;tti'ot;s  potassium  cyanide: 

6KCy    +     Fc"S     =     KSS     4-     K4Fe"Cys. 

6.  Any  soluble  ferrous  salt  with  potassium  cyanide  ;   e.  g. ; 

6KCy  +  SO.Fe"  =  S04Ks  +  K4Fe"Cyr 
Potassium  ferrooyanide  is  manufactured  im  1 1 1  ■_■  large  fit-ale  by  the  follow- 
ing process  :  • — Dry  refuse  animal  m  at  lev  of  au\  iiiml  is  fused  at  a  red  heat 
with  impure  pot.a.ssium  curbouat.o  and  iron  filings,  in  a  large  iron  vessel, 
from  which  the  air  should  he  excluded  as  uiiu.-ii  a!*  possible;  potussium 
cyanide  is  generated  in  large  quantity.  The  moiled  mass  is  afterwards 
treated  with  hoi  water,  which  dissolves  our  the  cyanide  and  other  salts,  the 
cyanide  being  quickly  convened  by  the  oxide  or  sulphide*  of  iron  into 
fcrro cyanide.  The  filtered  solution  is  evaporulod,  and  the  first-formed 
crystals  are  purified  by  re-solution.  If  a  sufficient,  quantity  of  iron  be  not 
present,  great  loss  is  incurved  by  the  decomposition  of  the  cyanide  into  po- 
tassium carbonate  and  ammonia. 

A  new  process  for  the  preparation  of  potassium  ferrocyanide  has  lately 
been  proposed  by  M.  Gelis.  It  consists  in  converting  oavbon  bisulphide 
into  ammonium  sulphocarbonate  bv  agitating  it  with  ammonium  sulphide: 
CSS  4-  (NH4)5S  —  (NIVi.CK,,  and  heating  the  product-  thus  obtained  with 
potassium  sulphide,  whereby  potassium  sulpbc-eyaniiie  (p  71T)  is  formed, 
with  evolution  of  ammonium  sulphide  and  hydrogen  sulphide : 

2(NH,)SCS,    +     K2S    =    2CNSK    -f     2(NH,)HS     +     3H2S. 
The  potassium  sulphocyanat.e    is  dried,  (nixed  wiili    finely   divided  metallic 
iron,  and  heated  for  a  short  time    in   a   closed  iron  vessel  to  dull  redness, 
whereby  the  mixture  is   conyovtcd   into  potassium  Co  no  cyanide,  potassium 
sulphide,  ami  iron  sulphide: 

6CN8K    +    Fe6    =     K1Fo"Cy6     4-   5Fe"S     4-     K,S. 
By  treatment  with  water,  the   sulphide  and  ferrocynnide  of  potassium  are 
dissolved,  and  on  evaporation  (lie  feiroeyanide   is  ol'taincd  in  crystals.     It 
remains   to   be  seen  whether   this   ingenious   process   is   capable  of  being 
carried  out  upon  a  large  scale. 
*  The  sulphnr  is  derive]  i'luiu  [he  iiiIul'liI  Miqdaifi'  a;'  ihc  itt-iIo  [n-ail-asiics aad  the  animal 
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Potassium  fori'ooyriv.lc  forms  '-i  rL'e,  iron  spar  em,  yellow  crystals,  K4Fe" 
Cys.3  Aq.,  derived  from  itn  oelohodrou  with  :i  sepia-re  base:  they  cleave 
wiLh  facility  in  a  directing  parallel  to  the  base  of  the  oetohedron,  and  are 
tough  and  difficult  to  powder.  They  dissolve  in  '1  parts  of  cold  and  2  parts 
of  boiling  water,  am]  are  insoluble  in  alcohol.  They  ait:  permanent  in  the 
air,  and  hare  a  mild  saline  taste.  Tlie  suit  lias  iiu  poisonous  properties, 
and,  in  small  doses  at  leant,  is  merely  purgative.  Exposed  to  a  gentle  heat, 
it  loses  3  molecules  of  water,  and  becomes  anhydrous :  at  a  high  tempera- 
ture it  yields  potassium  cyanide,  iron  carbide,  and  various  gaseous  pro- 
ducts; if  air  be  admitted,  the  cyanide  becomes  cyannte. 

Potassium  ferrooyimido  is  it  chemical  reagent,  of  groat  value  :  when  mixed 
in  solution  with  ncuira)  ur  slightly  aeid  sails  of  (lie  heavy  metals,  it  gives 
rise  to  precipitates  which  very  frotjueiitly  present  highly  characteristic 
colors.  In  most  of  iboso  compounds  the  potassium  is  simply  displaced 
by  the  new  metal :  the  beautiful  brown  ferrooyauide  of  cop  per  contains. 
for  example,  Cu"Fo''Cv,.  or  2Cu''Cv. .  Fc'-'cVa.  and  that  of  lead,  Pb", 
Fe"Cyc. 

With  fiii-rouB  s'rl'i,  potassium  i'.:rroi:var-  iije  L;iv.'S  a  precipitate  which  '1 
perfectly  white,  if  rbe  air  he  excluded  and  i  lie  solution  is  quite  free  from 
ferric  salt,  but  quickly  turns  blue  ou  exposure  to  the  air.  It  consists  of 
polassio-ferrous  ferroeuuniih,  K.,Fe/'.("v0.  or  potassium  ferrocyauide  Laving 
half  the  potassium  rfj]>'iaccd  by  iron.  The  same  salt,  is  produced  in  the 
preparation  of  hydrocyanic  acid  by  distilling  potassium  ferrocyauide  with 
dilute  sulphuric  aeid  (p.  701). 

When  a  soluble  forroeyauide  is  added  to  the  solution  of  s/onb  salt,  a 
deep  blue  precipitaie  is  formed,  consisting  of  P, ■:■:,-  n-rmci/imicle,  Fe.Cy]B,  or 
Fe"/,r'e"sCyi3,  or  4Fe/,'(,y,  .  HFe/'Cy,,  which'  in  combination  with  18  mole- 
cules of  water  const  iiules  ordinary  Prussian  blue.  This  beautiful  pigment 
is  best  prepared  by  adding  potassium  fV.rvoeyanidc  to  ferric  nitrate  or 
chloride; 

3K4Fe"Cy„    +     2Fe'"sCl8     =     12KCI    +     FeTCy13. 
It  is  also  formed  by  precipitating  a  mixture  of  ferrous  and  ferric  salts  with 
potassium  cyanide; 

18KCy     +     3Fe"Cls     +     2Fe'"5Cl„    =     I8KC1     +     Fe,CyIB, 
This  reaction  explains  Scliecle's   test,   for  prussic   aeid  (p.  703).      Prussian 
blue  is  also  formed  by  ilie  acliou  of  air,  chlorine -waller,  and  other  oxidising 
agents,  on  potassio  tcrmus  iorrucynnido ;   probably  thus: 

6KaFe"sCyB     +     03    =    FevCy1B     +     3K4Fe"Cys    +     Fc,Oa. 

It  is  chiefly  by  this  last  react  bin  that.  Prussian  blue  is  prepared  on  the 
large  scale,  potassium  I'erroeyunidc  Wing  first  prooipitaled  by  ferrous  sul- 
phate, and  the  resulting  ivliile  ur  li-ia  blue  preci  pirate  either  left  to  oxidize 
by  contaet  with  the  air,  or  subjected  to  the  noiion  of  nitric  acid,  chlorine, 
hypochlorites,  chromie  acid.  i.e.  Tlie  product,  however,  is  not  pure  ferric 
forrocyanide :  for  it  is  certain  that  another  and  simpler  reaction  takes 
place  at  the  same  time,  by  which  the  poiassio-ferrous  ferrocyanide,  (KaFc") 
Fe"Cy6,  is  converted,  by  abstraction  of  an  a  Unci  of  potassium,  into  poias- 
Bo-ftrroH!!  ferriniimuli:  { \\V<i'/)V<:"/C,yc,.  which  also  possesses  a  fine  deep- 
blue  color.  Commercial  Prussian  bloc  is,  therefore,  generally  a  mixture 
of  this  compound  with  ferric  ferrocyauide,  I,'<!/-"JF«/'3('j,is>  the  one  or  the 
Other  predominating  according  to  the  manner  in  which  the  process  is  con- 
duotod. 

Prussian  blue  in  the  moist.  s::ite  forms  a  bu'.'.;y  precipitate,  which  shrinks 
to  a  comparatively  small  compass  when  well  washed  and  dried  by  a  gentle 
heat.      In  the  dry  stale  it  is  hard  and  brittle,  much  resembling  in  appear- 
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fttlCB  fhe  best  indigo  ■    the  freshly  fractured  surfaces  have  a  beautiful  cop- 

Eor-red  lustre,  similar  f.u  1 1 1 si t  produced  by  rubbing  indigo  with  a  hard 
ody.  Prussian  blue  is  quite  insoluble  in  wn.tcr  and  dilute  acids,  with  the 
exception  of  oxalic  acid,  in  si  solution  of  which  it  dissolves,  forming  a  deep- 
blue  liquid,  which  in  sometimes  used  as  ink:  concentrated  oil  of  vitriol 
oonverts  it  into  si  white,  pasty  muss,  which  a  gain  becomes  blue  oil  addition 
of  water.  Alkalies  destroy  the  color  instantly:  I  Hoy  dissolve  out  a  ferro- 
cjanide,  and  leave  ferric  oxide.  Boiled  with  waits)'  and  mercuric  oxide,  it 
yields  a  cyanide  of  the  metal,  and  feme  oxide,  llesitod  in  the  air,  Prus- 
sian hlue  burns  like  tinder,  leaving  a  residue  of  ferric  oxide.  Exposed  to 
a  high  temperature  in  a  close  vessel,  it  gives  oil'  water,  ammonium  cyanide, 
and  ammonium  carbonate,  and  i eaves  carbide  of  iron.  It  forms  a  very 
beautiful  pigment,  both  as  oil  and  water  color,  but  lias  little  permanency. 

Common  or  basic  Prussian  blue  is  an  inferior  sirfiele  prepared  by  pre- 
cipitating a  mixture  of  ferrous  sulphate  and  alum  with  potassium  lorrocy- 
anide,  and  exposing  ihe  precipitate  to  Hie  air.  It  cotuains  alumina,  which 
impairs  the  color,  but  adds  to  the  weight. 

Soluble  Prussian  blue  is  obtained  by  adding  ferric  chloride  to  an  excess 
of  potassium  fcrrocyanidc  ;  it.  is  insoluble  in  the  saline  liquor,  hut  soluble 
in  pure  water.  It  hsis  a.  deep  blue  color,  and  probably  consists  of  poiassio- 
f or  ro  1 1  s  f e  rri  cy  a  ti  ide . 

Hydrogen  Fkriiocyaiside  or  HydruI'kkkoi  Tamils  Acid,  H,Fe"Cy6,  dis- 
covered by  Mr.  Porrelt,  is  prepared  by  decomposing  1'evrocyanide  of  lead 
or  copper  suspended  in  water  by  a  stream  uf  sulphuretted  hydrogen  gas. 
The  filtered  solution  cvsiporaled  hi  a  vsicuum  over  oil  of  vitriol,  yields  the 
acid  in  the  solid  form.  If  the  aqueous  solution  be  agitated  with  ether, 
nearly  the  whole  of  tiic  acid  .separates  in  colorless,  crystalline  lamina! ;  it 
may  even  be  made  in  large  qnantily  by  adding  hydrochloric  acid  ton  strong 
solution  of  potassium  fcrrooysinido  in  waier  free  from  air,  and  shaking  the 
whole  with  ether.  The  crystals  may  lm  dissolved  in  alcohol,  and  the  acid 
again  thrown  down  by  other.  Ilydrofcrrocyanic  acid  differs  completely 
from  hydrocyanic  acid  :  lis  solution  in  water  has  a  powerfully  acid  taste 
and  reaction,  and  decomposes  alkaline  carbonates  with  effervescence:  it 
dees  not.  dissolve  mercuric  oxide  in  I  lie  cub  I,  but  when  beat  is  applied,  un- 
dergoes decomposition,  forming  mercuric  cyanide  sind  ferrous  cvatiide: 
H4Fe"Cy„  -f  2If (r"0  =  i!Ilg"t'y2  FC'Cy,  -,-  2011,;  but  the  ferrous  cy- 
anide is  immediate  ty  oxidized  by  Ibe  excels  of  mei'euric  oxide,  with  sepa- 
ration of  metallic  mercury.  In  the  dry  state  the  sic  id  is  very  permanent, 
but  when  long  exposed  to  the  air  in  contact  with  water,  it  is  entirely  con- 
verted into  Prussian  blue. 

Sodium  ferrocyaiiitte,  _\avFo"Cyii  .  VI  Aq.,  crystallizes  in  yellow  four- 
sided  prisms,  which  are  efflorescent  in  Ihe  air  and  very  soluble, 

Ammonium  ferrociimudr,  (Nll|i"'l'e/'CyG  .  3  Aq.,  is  isomorphous  with  po- 
tassium ferrocyanide :  il  is  easy  soluble,  and  is  decomposed  by  ebullition. 
Barium  ferrocyanide,  .Ila'/!V'e"Oye,  prepared  by  boiling  potassium  ferroey- 
anido  with  a  large  excess'of  barium  chloride,  or  Prussian  blue  with  baryta- 
water,  forms  minute  yellow,  anhydrous  crystsils.  wdiich  bsive  hut  a  small  de- 
gree of  solubility  even  in  boiling  water.  The  corresponding  compounds 
of  Mroitimm,  eakium.,  and  magnesium  are  more  freely  soluble.  The  ferro- 
eyanides  of  silver,  lend,  z'uu:,  mun<jan::se,  a.ud  l,i:.mv.'.k  sire  white  and  insoluble  ; 
those  of  nickel  anil  oibidi  m-e  pale-green  and  insoluble;  and,  lastly,  'hat  of 
copper  has  a  beautiful  reddish-brown  tint. 

There  are  also  several  double  ferro cyanides.  IVhen,  for  example,  con- 
centrated solutions  of  eakium  chloride  sind  fmrassiuiu  ferrocyanidc  are 
mixed,  a  sparingly  solubie  ervsuiiiiue  yireeipiTiite  fsi'.'.s,  containing  K-Ca" 
Fe"Cys. 


FEKRICYANIDES. 


Fcrrici/tiliit'-is. 
These  salts  are  formed.  as  already  observed,  by  abstraction  of  metal  from 
the  f'crroeyanidos ;    at  other  words,  by  t lso  ai.-iion  of  o\idimig  agents. 

Potassium  Feebici-amhi-:.  I\,I,'c/''Cy0.  often  i.'al.od  :■/«'  prasxiatc  of  potash, 
is  prepared  by  slo-.'.-ly  pM-^ijiy;  chlorine,  with  agitation,  into  a  somewhat 
dilute  and  cold  sol  in  ion  or'  ijuinssium  ferrocyaniae,  until  the  liquid  acquires 
a  deep  reddish -green  color,  ami  eo:;sos  in  precipitate  ;:.  ferric  salt.  The 
solution  is  evaporated  until  a  skin  begins  to  form  upon  the  surface,  then 
filtered,  and  left  to  cool;  and  the  fall  is  purilicd  by  re-ci-yslallization.  It 
forms  regit  I  iiv,  prisma  i  in,  nr  sometimes  tubular  crystals,  of  ji  be.iinliiul  vuby- 
reil  tint,  permanent  in  the  air,  and  soluble  in  -I  pails  of  cold  water:  the 
solution  has  a  dark-greenish  color.  The  crystals  burn  when  introduced 
into  the  flame  of  a  candle,  ami  emit  sparks.  Tim  salt  is  decomposed  by  ex- 
cess of  chlorine,  and  by  deoxidizing  agent*,  us  sulphuretted  hydrogen. 

Hydrogen  ferrici/a'dtle  is  obtained  in  ihe  form  of  a  reddish-brown  acid 
liquid,  by  decomposing  lcid  i'.'t-vieyani-.ie  wii  h  sulphuric  acid  :  it  is  very 
unstable,  and  is  resolved,  by  boiling,  into  liydraied  ferric  cyanide,  an  in- 
soluble dark-green  powder  coniaiu:-ig  I'o  ,i  y,.  .  :',  Aq..  nnd  hydrocyanie  acid. 
The  ferri cyanides  of  fni'/ium,  ammonium,  and  of  the  alkaline  earths,  are  sol- 
uble; those  of  most- of  the  other  metals  are  insoluble.  Potassium  ferri- 
eyanide,  added  to  a  ferric  sail,  n  ecu  si  iw  s  no  pfeeip.it  ate,  but  merely  a  dark- 
ening of  the  reddish-brown  color  of  the  solution:    with  fcrrmte  salts,  on  the 

Fe,Cy,j .  x  Aq,,  or  V\i"iV:!/".pyvi .  '.  Aq.,  which,  when  dry,  has  a  brighter 
tint  than  Prussian  blue:  it  is  known  under  ihe  name  of  Turnbull's  blue. 
Hence,  potassium  ferrieyanido  ii  as  delicate  a  test  for  ferrous  salts  as  the 
yellow  fcrrucyunide  is  for  ferric  salts. 

CottAi/riCVANiDES. — This  name  is  applied  to  a  series  of  compounds  analo- 
gous to  the  preceding,  cunt ai nine;  cobalt  j.u  p'.aee  of  iron ;  a  hydrogen-acid 
has  been  obtained,  and  a  number  of  salts,  which  much  resemble  the  ferri- 
eyanides.  Several  oilier  metais  of  the  same  isomorpbous  family  are  found 
capable  of  replacing  hvu  in  these  compounds. 

NiTHOT'iuissi  tins. —The  action  of  nitric  aeid  u])ou  f'errocyanides  and  fer- 
ricyanides  gives  rise  to  the  formation  of  a  very  interesting  series  of  new 
salts,  which  were  discovered  by  Dr.  Playfair.  The  general  formula  of 
these  sails  appeal's  to  be  MjAOjI-VCy.,,  wliieh  exhibits  a  close  relation 
ivitSi  those  of  the  ferro-  ami  foi'incyanides. 

Tho  formation  of  the  nitroprussides  appears  to  consist  in  the  reduction 
of  the  nitric  acid  to  (lie  slate  of  nitrogen  dioxide  or  nitrosyl,  NO,  which 
replaces  1  molecule  of  metallic  cyanide,  M("y,  in  a  molecule  of  ferricyanidc, 
H,Fe"/Cy5.  The  formation  of  these  salts  is  attended  by  the  production 
el"  si  variety  ijf  secondary  products,  such  as  cvauogon.  ox  ami 'le.  1 1  yd  recv  attic 
aoid,  nitrogen,  carbonic  acid,  &c.  One  of  the  finest  compounds  of  this 
series  is  the  nitropi'itsside  of  podium,  N:i./XO)Fo.'/Cy, .  £  Aq.,  which  is  readily 
obtained  by  treating  £  pans  of  the  powdered  ferro  :;va  aide  with  5  parts  of 
common  nitric  acid  previously  diluted  with  its  own  volume  of  water.  The 
solution,  after  the  evolution  of  gas  has  ceased,  is  digested  on  the  water-hath, 
until  ferrous  salts  no  1  eager  yield  a  bine,  but  a  shit o- colored  precipitate. 
Tho  liquid  is  now  ailuwed  to  cool,  when  much  polas-lnni  nilrale.  a.m.]  occa- 
sionally osamide,  is  deposited  :  it  is  filtered  and  neutralized  with  sodium 
carbonate,  which  yields  a  green  or  brown  precipitate,  and  a  ruby-colored 
filtrate.  This,  on  evaporation,  gives  it  errs  talli/at  ion  of  the  nitrates  of  po- 
tassium and  sodium,  together  with  ihe  nitrtqirusside.      The  crystals  of  the 
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latter  arc  selected  and  purified  by  crystallization  ; 
of  a  splendid  ruby  enlor.  The  soluble  niiropruss 
tifnl  violet  tint  wiili  soluble  sulphides.  This  react 
Play  fair  as  the  most,  delicate  test,  lor  alkaline  sulph 


ALCOHOLIC  CYAMin.S  01!   HYUllilCVAXIO  l.TIIERS. 

These  compounds  play  an  imjmrtant  part  in  organic  chemistry:  we  have 
already  had  occasion  t.o  notion  tliuin  several  t  ijnes  in  si  tea  king  of  the  con- 
version of  alcohols  into  acids  containing  a  greater  iiumbor  of  cavbon-atoms. 
The  cyanides  of  univalent  alcohol-radicals  may  also  ho  regarded  as  com- 
pounds of  nitrogen  with  trivalcnt  radicals :  hence  they  are  often  called 
nitrilcs;  thus : 

Hydrogen  cyanide     H   .  CN        =        (C  H  )'"N     Methenyl  nitrile. 
mV.'.-.,1  cvumde      C  11.,.  CN        =        (C2H.t)'"N      Kthonvl  nitrile. 
Ethyl  cyanide         CaHs .  CIS'        =        (VaU'.)'"N     Prupenyl  nitrile. 
Propyl  cyanide      C3II, .  CN       =       (Cyi,)'"N     Quartenyl  nitrile. 
Phenyl  cyanide      C8H6.  CN      =      {C,H6)'"N     Beuzunitrile. 
These  alcoholic  cyanides  are  produced: 

1.  By  distilling  a  mixture  of  potassium  cyanide  and   the   potassium-salt 
of  ethyl  sulphuric  or  a  similar  acid: 

CNK        +         SO,(CsH6)K        =        S04K,        +  CN .  C4irs 
Potassium                  Potassium                    Potassium  Ethyl 

cyanide.  ethyl -sulphate.  sulphate.  cyanide. 

2.  By  the   dehydrating  action  of  phosphoric  oxide  on 
salts  of    iho    corresponding    acids    containing    the    radicals  ('.  11 
CnH^.jOj   thus: 

C,H,0,.NH4         —  20Hj         =         C,H,N 


The  hodies  obtained  by  these  two  proocsscs  are  oily  liquids,  exhibiting 
the  same  properties  whether  prepared  Ijj  the  first  or  the  second  method, 
excepting  that  those  uhraincd  by  the  latter  luivo  an  aromatic  fragrant  odor, 
whereas  those  prepared  hy  the  former  have  a  pungent,  and  repulsive  odor, 
due  to  the  presence  of  certain  isomeric  compounds,  to  he  noticed  farther 
on.  Methyl  ct/uvid,-.,  Kthfiiyl-nitnle,  or  An-iomirilr.  boils  at.  77"  C.  (170°  P.); 
Ethyl  cyanide,  or  J'ropfiu/l-nUrik.  at.  Hi"  C.  (IMP  I''.);  Butyl  cyanide,  or 
Valeronitrile,  at  125°-i;>H°  C.  i£.r,70-  2!i2"  P.;  ;  Amyl  cyanide,  or  Capronitrile, 
at  146°  C.  {29u°  P.);  Phenyl  n/nnir!,-,  or  J'.nuMiiriU,  a.t  100 -6°  C.  (375°  F-). 

All  those  cyanides,  when  heated  willi  fuming  sulphuric  acid  or  sulphu- 
ric oxide,  undergo  (he  deoompo-iiion  already  mentioned  (p.  682),  yielding 
sulpho-acids.  By  heating  with  caustic  potash  or  soda,  they  are  resolved 
into  amnion ia  and  the  oorrosjHuidiiig  falty  or  aromatic  acid,  just  as  hydro- 
cyanic acid  similarly  treated  is  resolved   into  ammonia  and  formic  acid; 

CNII         -4-  211,0        =         Nil,,         +  CH,02 

Hydrogen  Formic 

cyanide,  ' 
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a  obtained  by  disl  illing*  pota. 


£Br    +     C,H,(ON)r 

iii   converted  by  alcoholic  poliisii 

CSH4(CN)S    +    4HS0     =    2NH3    4-     CjrL,Ot 
Isocyancdes.  — On  examining  tlio  equations  just  j; i v 1 1 1  for  the  decompo- 
sition of  the  alcoholic  cyanide*  under   i J10  iuiluoncc  i'i'  alkalies,  it  is  easy 
to  see  that  the  reunion  ±ll L u: i  1 1  Ik;  sniq:o-cd  lu  liiko  place  in  a,  different  way, 
each  cyanide  ov  nitrile  yielding,  not   aiiiirioiiin  iiml  uti  acid  containing  the 
'  .....   -j  it.gdf^  [jut  an  alcoholic   ammonia,   or 

CN.  CaHs        +        2H20        =        NHSC2HS        +        CHaO, 
Ethyl  "  Ethyl-  Formic 

cyanide.  amine.  acid. 

In  tho  one  case  the  alcohol-radical  remains  united  with  the  carbon,  pro- 
ducing a  homologue  of  formic  acid,  to^i-1  h^r  with  ammonia;  in  the  other 
it  remains  united  with  the  nitrogen,  producing  ;i  hotuologue  of  ammonia, 
together  with  formic  acid, 

A  class  of  cyanide,-;  oxhibiriup;  the  second  ef  these  reactions  lias  lately 
been  discovered  by  Dr.  Hofmann.*  They  are  obtained  by  distilling  a 
mixture  of  an  alcoholic  ammonia-base  and  chloroform  v.iih  alcoholic  potash  ; 
for  example: 

CaH,N        +        CHC13        =         3HCI        +         C,HSN 
Aniline.  Chloro-  Phenyl- 

form.  isocyanide. 

The  potash  serves  to  neutralize  t.he  hydrochloric  acid  produced,  which 
would  otherwise  quickly  decompose  the  j-ocyanide.  1'hcnyl  isocyanide, 
when  freed  from  ccess  hi"  aniline  by  oxalic  ilcid.  then  dried  with  caustic 
potash  and  rectified,  is  an  oily  liquid,  preen  by  transmitted,  blue  by  re- 
flected light,  am!   bavin;;  an  inndcrably  pungent  and   suffocating  odor.      It 
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nide  willi  the  ethyl  sulphate,  uppoars   r.o  bo  due  to  the   presence  of  small 
quantities  oi'  these  isocyanides. 

Tlie  difference  of  cuti-titution  between  elm  norma)  cyanides  und  tlie  iso- 
cyanides may  be  rL-pi'o.^iiiLcLi  by  tin:  following  foriLuhe."-  taking  the  methyl 
compounds  for  example: 


civ  r-v-' 
t(.'H3 


*  ten, 

Cyanide.  Isocyauhte. 

In  the  isocyanide  the  carbon  be1,  on  gin  jr  to  the  alcohol-radical  is  united  di- 
rectly with  the  nitrogen;  in  the  kocyankic.  only  through  tlie  medium  of 
(lie  carbon  f n-1'..iijiLiitc  ;i)  the  cyanogen. 

This  difference  of  st  mot  urt  may  perhaps  account  for  the  difference  in  the 
''     iS  of  the  cyan  hies  me  I  isyoyani  los  luiucr  The  klbienee  of  hydrating 


Methyl  cyanide. 
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Cyanic-  and  Cyaiiurio  Acids. 

These  are  two  remarkable  polymeric  bodies,  related  in  !i  very  close  and 
intimate  manner,  and  presenting  phenomena  of  great  interest.  Cyanic 
acid  is  formed  as  a  potassium-salt,  in  conjunction  with  potassium  cyanide, 
when  cyanogen  gas  is  I  i-ausuiitted  over  heated  hydrate  or  carbonate  of  po- 
tassium, or  passed  Into  a  solution  of  the  alkaline  base,  the  reaction  resem- 
bling that  by  which  pom -si  urn  ojiku'aicui.d  [liiinssi  n  m  chloride  arc  generated 
when  chlorine  is  passed  into  a  solution  of  potash,  (p.  180.)  Potassium 
cyanate  is,  moreover,  formed  when  the  cyanide  is  exposed  to  :i  high  tem- 
perature with  access  of  air :  unlike  the  chlorate,  it  bears  a  full  red  heat 
without  decomposition. 

Cyanic  Acid,  CNIIO,  is  procured  by  heating  to  dull  redness  in  a  hard 
glass  retort  counseled  with  a  receiver  cooled  by  ice,  oynnurie  aeid  deprived 
of  ils  water  of  crystallization.  The  eyanurie  aeid  is  resolved,  without  any 
other  product,  into  cyanic  aeid.  which  condenses  i-i  Hie  receiver  to  a  limpid, 
colorless  liquid,  of  exceedingly  pungent  and  penetrating  odor,  like  that  of 
the  strongest,  acetic  aeid:  It  even  blisters  the  skin.  When  mixed  with 
water,  it  decomposes  almost  iminedijiely,  giving  vise  to  ammonium  bicar- 
bonate : 

CNHO         +        OH,        =         COs        -f         KH3. 

This  ia  the  reason  v.diy  the  acid  cannot  be  separated  from  a  cyanate  by 
a  stronger  acid.  A  trace  of  cyanic  nciil,  however,  always  escapes  decom- 
position, and  communicates  to  the  carbon  dioxide  evolved  a  pungent,  smell 
similar  to  that  of  sulphurous  acid.  The  cyanales  maybe  easily  distin- 
guished by  this  smell,  and  by  the  simultaneous  formation  of  an  ammonia- 
salt,  which  remains  behind. 

Pure  cyanic  acid    cannm    be  preserved:   shortly  after  its  preparation  it 

changes  spontaneously,  with  sudden  rkvaibm  of  leuiporafure,  into  a  solid, 

White,  opaque,  amorphous  substance,  called  ,:i/it::<,'Udc.      This  curious  body 

■   ."•■■',■■'■.■',  I  ..;'■.  ■.■:n1.ei  ;■,  1'.  -^11- 
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has  the  same  composition  as  cyanic  jtcid  :  it.  in  insoluble  in  water,  alcohol, 
ether,  and  dilute  twirls:  ir.  dissolves  in  strong  oil  of  vitriol  by  the  aid  of 
heat,  with  evolution  of  carbon  dioxide  and  production  of  ammonia;  boiled 
with  solution  of  caustic  alkali,  it  dissolves,  ammonia  being  disenga.ged,  'ml 
a  mixture  of  cyanate  and  oyanurati!  of  I  lie  base  generated.  By  dry  distil- 
lation it  is  again  converted  into  cyanic  acid. 

Potassium  Oyamte,  CNKO.  — The  best  method  of  preparing  this  salt  is, 
according  to  Liebig,  to  oxidize  potassium  cyanide  ivjfh  litharge.  The 
cyanide,  already  containing  a  portion  of  cyatou.e.  described  at  page  704, 
is  re-melted  in  an  curt  hen  crucible,  and  finely  powdered  lead  o*idc  added 
by  small  portions:  the  oxide  is  justaulane.u.isly  reduced,  and  the  metal,  at 
first  in  a  state  of  mi  nolo  division,  ultimately  collects  to  a  fu.se  d  globule  at 
the  bottom  of  the  crucible.  The  salt  is  poured  out,  and,  when  cold,  pow- 
dered and  boiled  will)  alcohol ;  the  hot  filtered  solution  deposits  crystals 
of  potassium  cyanate  on  cooling.  The  groat  douxidi/ing  power  exerted  by 
potassium  cyanide  at  a  higii  temperature  promises  to  render  it  a  valuable 
agent  in  many  of  the  liner  mctailurgio  operations. 

Another  method  o:'  preparing  the  cya.uatc  is  to  mix  dried  and  finely-pow- 
dered potassium  I'ervooyaiiido  -ivit.lt  lm.ll  its  v.-eight.  id'  equally  dry  manganese 
dioxide;  heat  this  mixture  in  a  shallow  iron  Indie,  with  free  exposure  to 
air  and  frequent  stirring,  until  the  tinder-like  combustion  is  at  an  end ; 
and  boil  the  residue  ir.   alcohol,  which  extracts  the  puta-siuai  cyanate. 

This  salt  crystallizes  from  alcohol  i)i  thin,  colorless,  transparent  plates, 
which  suffer  no  change  in  dry  air,  but  on  exposure  to  moisture  are  gradu- 
ally converted,  without  much  alteration  of  appearance,  into  potassium  bi- 
carbonate, ammonia  being  at  the  same  time  given  oil'.  Water  dissolves  po- 
tassium cyanate  in  large  quantity  :  (lie  solution  is  slowly  decomposed  in 
the  cold,  and  rapidly  at.  a  boiling  heat,  into  potassium  bicarbonate  and  am- 
monia. When  a  concentrated  solution  is  mixed  with  a  small  quantity  of 
dilute  mineral  acid,  a.  precipitate  fulls,  consisting  of  acid  potassium  eyanu- 
rate.  Potassium  cyanate  is  reduced  to  cyanide  ;iy  ianiiion  with  charcoal 
in  a  covered  crucible.  Mixed  with  solutions  of  lead  and  silver,  it  gives 
rise  to  white  insoluble  cyanides  of  those  metals. 

Ammonium  inifsnate  :  TTre.a.  --When  the  vapor  of  cyanic  acid  is  mixed  with 
excess  of  ammoiiiacal  gas.  a  winks,  eryslnlliue.  solid  ,-ubsiancc  is  produced, 
which  has  all  the  characters  of  a  true,  although  nor  neutral  ammonium 
cyanate.  It  dissolves  in  water,  and  if  mixed  with  tin  acid,  evolves  carbon 
dioxide:  with  an  alkali,  il  yields  ammonia.  If  the  solution  be  healed,  or 
if  the  crystals  be  merely  ex  postal  for  a  certain  time  to  the  air,  a  portion  of 
ammonia  is  dissipated,  und  I  he  prooerl  ies  of  the  com  pound  are  completely 
changed.  It  may  now  he  mixed  with  acids  without  the  leas.i  sign  or  de- 
composition, and  does  not  evolve  the  smallest  trace  of  ammonia  when 
treat-lid  with  eolil  caustic  alkali,  'the  result,  of  this  curious  miuamornhosis 
of  the  cyanate  is  urt'i,  a  product  of  the  animal  body,  the  chief  and  charac- 
teristic constituent  of  urine.  This  Iranstoriuation,  the  discovery  of  which 
is  due  to  Wo  hie  r,  is  especially  ia  teres  t  iug  as  the  firsr.  instance  of  the  arti- 
ficial formation  of  a  product  of  the  living  organism.  The  properties  of 
urea,  and  the  most  advantageous  methods  of  -preparing  it,  will  be  found 
described  a  few  pages  hence. 

Ctanuric  Acid,  0,^11 3Or  -  —  The  subsranee  called  whim,  of  which  fur- 
ther mention  will  bo  m'.-iae.  'is  dissolved  by  gentle  heal,  iu  concentrated  sul- 
phuric acid,  the  solution  mixed  with  it'i  or  till  parts  of  water,  and  the  whole 
maintained  at  a  temperature  approaching  the  boiling  point,  until  a  speci- 
men of  the  liquid,  oil  being  iried  by  ammonia,  no  longer  gives  a  white  pre- 
cipitate :   several  days  are  required  to  ollcct  litis  change.      The  liquid,  con- 
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centrated  by  evaporation,  deposits  on  cooling  cyanuric  acid,  which  ia 
purified  by  re -crystallization.  Another,  and  perhaps  .simpler  method,  ia  to 
heat  dry  and  pure  urea  in  a  fld.sk  or  retort :  ills'  substance  melts,  boils,  gives 
off  ammonia  in  largo  quantity,  and  at  length  bttun:us  converted  into  a 
dirty- white,  solid,  amorplious  muss,  which  is  impure  cyanuric  acid.  This 
ia  dissolved  by  the  aid  of  beat  in  strong  oil  of  vitriol,  and  nitric  acid 
added  by  small  portions  (ill  the  liuuid  becomes  nearly  colorless:  it  is  then 
mixed  with  water,  and  In  ft  to  coo),  iv  hero  upon  I  In.:  cyan  uric  acid  separates. 
The  urea  may  likewise  bo  decomposed  very  conveniently  by  gently  heating 
it  in  a  tube,  while  dry  chlorine  or  hydrochloric  acid  gas  passes  over  it.  A 
mixture  of  cyanuvic  ncid  n.iui  ml-animociuo  results,  «  liich  is  separated  by 
dissolving  [lie  latter  in  water. 

Cyanuric  acid  forms  colorless  efii  crescent  crystals,  seldom  of  large  size, 
derived  from  an  oblique  rhombic  prism.  It  is  very  little  soluble  in  cold 
water,  and  requires  21  parrs  for  solui.iou  at.  a  boiling  litmt:  it  reddens  lit- 
mus feebly,  has  no  odor,  and  but  little  taste.  The  acid  is  tribasio:  the 
crystals  contain  C3N;1H.jO..  2  ;\q.,  and  arc  easily  deprived  of  their  water  of 
crystallization.  In  [>oiui  of  stability,  cyamirio  acid  oilers  a  most  remark- 
able contrast  to  its  isomer,  cyanic  acid  ;  it.  dissolves,  as  above  indicated,  in 
hot  oil  of  vitriol,  and  even  in  strong  nitric  acid,  without,  decomposition, 
and,  in  fact,  crystallises  from  the  latter  in  the  anhydrous  State.  Long- 
continued  boiling  ii  itb  these  powerful  agents  resolves  it  into  ammonia  and 
carbonic  acid. 

The  connexion  between  cyanic  acid,  urea,  anil  cyanuric  acid,  may  be 
tints  recapitulated: 

A  tn  mo  il  in  tit  cyauitic  is  converted  by  heal,  into  urea. 

Urea  is  decomposed  by  the  sat;;e  means  into  ojamine  acid  and  ammonia. 

Cyanuric  acid  ia  changed  by  a  very  high   temperature   Into   cyanic   acid, 

One   molecule   of   cyanuric   a.eid    ^lining   into   ;l   molecules   of  cyanic 

Ethvi.  Cyanate  akd  Gi'anubate.  —  When  a  dry  mixture  of  potassium 
cyanate  and  et.livls-nlpli.it .■  is  distilled,  a  proiiucl  is  obtained  which  consists 
of  a  mixture  of  the  above  ethers.  They  are  separated  without  dlniculiy. 
the  cyanate  boiling  at  <>(P  G.  (140c  J'1.'!,  while  the  bodice;  point  of  the  cyan- 
urate  is  much  higher —  namely,  W  C.  |WKC  I.'.}.  Ethyl  cyanate,  CKO  , 
CjH^,  is  a  mobile  liquid,  the  vapor  of  which  excites  a  How  of  tears.  Its 
formation  is  represented  by  the  equation, 

CNOK  +  S01(C1,II5)K  =  SO,Ks  +  CNO .  C,Hj. 
Ethyl  eyanurate  contains  C3N30,.  (CJI6)3:  it  arises  in  this  reaction  from 
the  coalescence  of  l.l  molecules  of  elhyi  cyanate.  It  may  be  likewise  ob- 
tained by  distilling  a  mixture  of  potassium  ctliytsulphaie  and  eyanurate. 
Ethyl  eyanurate  is  a  crystalline  mass,  slightly  soluble  in  water,  readily 
soluble  in  alcohol  ami  et'ber.  melting  at  bo"  0.  jib's0  I''.).  By  substituting 
for  potassium  ethylsulpliuto.  salts  of  methyl-  and  a.niyl-sulphurie  acid,  the 
corresponding  moihyl-  and  a.uiy'-compotinds  maybe  obtained. 

The  study  of  the  'cyanic  ami  cyanuric  el  hers,  which  were  discovered  by 
Wurtz,  has  led  to  very  important  results,  which  will  be  fully  described  in 
the  section  on  the  Organic  Bases. 

For.inTNIC  Acm.  —  This  remarkable  compound,  which  is  polymeric  both 
with  cyanic  and  cyanuric  acids,  originates  in  the  peculiat'  action  exercised 
by  nitrous  acid  upon  alcohol  in  presence  of  a  salt  of  silver  or  mercury. 
The  acid  itself,  or  hydrogen  fiiluiiua.l.c,  litis  not  been  obtained. 

Silver  fulminate  is  prepared  by  dissolving -10  or  -So  grains  of  silver,  which 
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need  not  lie  pure,  in  about  J  oz.  by  measure  of  nitric  acid  of  sp.  gr.  1-37, 
by  the  aid  of  a  little  heat.  To  the  highly  acid  solution,  while  still  hot,  2 
measured  ounces  of  alcohol  are  added,  and  heat  is  applied  until  reaction 
eommoaces.  The  nitric  acid  oxidises  part,  of  the  alcohol  ro  aldehyde  and 
oxalic  acid,  becoming  itself  reduced  to  nitrous  acid,  which,  iu  turn,  acts 
upon  the  alcohol  in  such  a  manner  as  to  form  nitrous  ether,  fulminic  acid, 
and  water,  1  molecule  of  nitrous  ether  anil  1  molecule  cf  nitrous  acid 
containing  the  elements  of  1  molecule  of  fulminic  acid  and  2  molecules  of 

HOfiM.     -j-     N02H 

EthyL  nitrite.         Nitrous 

The  silver  fnlminale  slowly  sup.i  vales  from  the  hot  liquid  in  tlie  form  of 
small,  brilliant,  while,  crystalline  plaits,  which  may  be  washed  with  alittle 
oold  water,  distributed  upon  separate  pieces  of  niter-paper  in  portions  not 
exceeding  a  grain  or  (wo  each,  ami  left  to  dry  in  a  warm  place,  When 
dry,  the  paper's  are  folded  up  and  preserved  in  a  bos.  The  only  perfectly 
safe  method  of  keeping  i.Ue  salt,  is  l.iy  immersing  it  in  water.  Silver  fulmi- 
nate is  soluble  in  Hi;  pans  of  boiling  waier,  bul  the  greater  part  crystalliv.es 
out  on  cooling:  it  is  one  of  Hie  most  dangerous  substances  known,  ex- 
ploding with  fearful  violence  when  strongly  heated,  or  wdien  rubbed  or 
struck  with  a  hai-d  body,  or  when  touched  with  concentrated  sulphuric 
acid:  the  metal  is  veil  need,  and  a  large  volume  of  gaseous  mutter  suddenly 
liberated.  Strange  to  say,  it.  may,  when  very  cautiously  mixed  with  cop- 
per oxide,  be  burned  in  a  tube  with  us  mucii  facility  its  any  other  organic 
substance.      Its  composition  thus  determined   is  expressed   by  the  formula 

WW* 

Fulminic  acid  is  bibasie:  when  silver  fulminate  is  digested  with  caustic 
potash,  one-half  of  the  silver  is  precipitated  as  oxide,  and  a  diner  potassium 
fulminate,  C,Xi!()i!A.!;K,  is  produced,  width  resembles  tlie  neutral  silver-salt, 
and  detonates  by  a  blow.  Corresponding  compounds  containing  sodium  or 
ammonium  exist;  but  a  pure  fulminate  of  an  alkali-metal  has  never  been 
formed.  If  silver  fulminate  he  digested  with  water  and  copper,  or  zinc, 
the  silver  is  entirely  displaced,  and  a  fulminate  of  I  be  oilier  metal  produced. 
'sad  with  baryta-water  gives  rise  to  a  precipitate  of  ■/.' 
■}-)„irie  pdiaiiUu,  (C,N5Os),/n,/lia",  remains  * 
:,  CjNjOjlIg",  is  prepared  by  a  process  very  s 
by  which  Ibe  silver-suit  is  obtained  :  one  part  of  mercury  if 
12  parts  of  nitric  acid,  and  the  solution  mixed  with  an  equal  quantity  of 
alcohol;  gentle  heat  is  applied,  and  if  (he  reaciiou  becomes  too  violent,  it 
may  be  moderated  by  tlie  addilion  from  time  to  t [inc.  of  more  spirit:  much 
carbonic  acid,  nitrogen,  anil  red  vapors  are  disengaged,  together  with  a 
large  quantity  of  nitrous  ether  and  aldehyde:  these  are  sometimes  con- 
densed and  collected  Cor  sale,  bul  are  said  io  contain  hydrocyanic  acid. 
The  mercuric  fulminate  separates  from  hot.  liquid,  and  after  cooling  may 
be  purified  from  an  ailmixi  are  of  reduced  metal  by  so)  it;  ion  in  boiling  wa- 
ter and  re -crystal  ligation.  It.  much  resembles  the  silver  salt  in  appear- 
ance, properties,  and  degree  of  so:ubiliTy.  It  explodes  violently  by  friction 
or  percussion,  but,  unlike  the  silver  com  pan  ml,  merely  burns  with  a  sud- 
den and  almost  noiseless  (lash  when  kindled  in  I  he  open  air.  It  is  manu- 
factured on  a  large  scale  fur  tlie  purpose  of  charging  pircitmitm-caps  ;  sul- 
phur and  potassium  chlorate,  or  move  frequently  nitre,  are  added,  and  the 
powder,  pressed  into  the  cap,  is  secured  by  a  drop  of  varnish. 

The  relation  of  com  position  bet-ween  the  three  isomers  e  acids  are  beauti- 
fully seen  by  comparing  their  silver  sabs :  l.he  first  acid  is  monobasic,  the 
second  hibasic,  and  the  third  teibasic: 
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Silver  cyan  ate CNOAg. 

Silver  fulminate ty^OjAg,. 

Silver  cyanurate  ....     C3Ns03Aga, 

Until  lately,  beyond  that,  of  identity  of  composition,  no  relation  was 
known  to  exist  bet  e.-een  fulminie  acid  anJ  its  isomers.  Dr.  Gladstone  hits, 
however,  shown  Unit.,  when  a  sohii.iou  of  copper  fulminate  is  mixed  with 
exoess  of  ammonia,  liltercd,  treated  with  sulphuretted  hydrogen  in  excess, 
and  again  filtered  from  tlm  insoluble  copper  suljilj iilts,  the  liquid  obtained 
is  a  mixed  solution  of  urea  and  ammonium  sulpliocyanate. 

Another  view  regarding  the  constitution  of  fulminie  acid  was  proposed 
by  Gerhardt.  The  fulminates  ueiy  be.  considered  as  methyl  cyanide  (aceto- 
nitrite),  in  which  one  atom  of  hydrogen  it  replaced  by  K0a  and  2  atoms  of 
hydrogen  by  mercury  or  silver: 

CNCHHH Methv]  cyanide. 

CM0:.\O..)Ag,  .         .         .         Silver  fulminate. 

CNC(NOs)lIg"         .  .  .  Mercuric  fulminate. 

This  view  lias  received  some  siifiport.  by  the  interesting  observation, 
lately  made  by  Kehulc,  ihuf  the  action  of  chlorine  upon  mercuric  fulminate 
gives  rise  to  the  formation  of  ohloropierin,  t;UI3NO.,  ;  p.  G3!i),  a  substance 
originally  obtained  by  iSuuihonse,  which  may  lie  viewed  as  chloroform,  the 
hydrogen  of  which  is  replaced  by  N"02.  The  connection  of  fulmhiie  aoid 
with  the  methyl  series  is  thus  established. 

FulminukIC  Acid.  (?aK,l)30;i. — This  acid,  isomeric  with  cyanuric  acid, 
was  discovered  simultaneously  by  l.iehig  and  by  Sebischkoff.  It  is  ob- 
tained by  the  action  of  a  soluble  i_-lili.n-ii.it'  upon  mercuric  fulminate.  On 
boiling  mercuric  fulminiiie  with  an  aqueous  sol  in  ion  of  potassium  chloride, 
tire  mercury-sali  gradually  dissolves,  and  (lie  clear  .solution,  after  some 
time,  becomes  turbid,  in  consequence  of  a  .sec.ara.tiou  of  mercuric  oxide: 
it  then  contains  paia-sium  faluiiu urate : 


3C  N.02Hg"  -  8KC1  —  Oil's.  -=  4.KC1  —  211gCl,  -j-  Dg"0  -j-  2C,Na0,Il  Ka 
Mercuric  Potassium 

fulminate.  fulmiuurate. 

If,  instead  of  potassium  chloride,  sodium  or  ammonium  chloride  bo  em- 
ployed, the  corresponding  sodium  and  iiinmiiniiini  compounds  are  obtained. 
The  fulminuraf.es  crystalline  with  greal-  I'aciliiy  :   they  are  not  explosive. 

Fulniinuric  acid  has  l.hc  same  composition  as  cyanuric  acid,  but  it  is 
monobasic,  whereas  c  vanillic  acid  is  tribasic. 

Cyanogen  Chlorides. — Chlorine  forms  with  cyanogen,  or  its  elements, 
two  compounds,  which  are  polymeric,  and  correspond  io  cyanic  and  cyan- 
uric  acids.  Gaseous  n/irrtna'ii-  <:!.h,i-itl-:,  (J.vt'.'l,  is  formed  by  passing  chlorine 
gas  into  anhydrous  hydrocyanic  acid,  or  by  passing  chlorine  over  moist 
mercuric  cyanide  contained  in  a  tube  sheltered  t'V".n  the  light.  It  is  a  per- 
manent and  colorless  gas  at,  the  temperature  of  the  air,  of  insupportable 
pungency,  and  soluble  to  a  vrrv  considerable  extern  in  water,  alcohol,  and 
ether.  At  — 18°  ...  (0°  F.)  it  congeals  to  a  mass  of  colorless  crystals,  which 
at,  — 15°C.  (5°  F.)  melt,  to  a  liquid  whose  boiling  point  is  —11  6°  C.  (13° 
_\).  At  the  temp era.l ure  of  the  air  it  is  condensed  to  (lie  liquid  form  under 
a  pressure  of  four  atmospheres,  and  when  long  preserved  in  this  condition 
in  hermetically  sealed  lubes  gradually  pussc-  into  I  lie  solid  modi fi en f ion. 

On  passing  gaseous  cyanogen  chloride  inta  a  solution  of  ammonia  in 
anhydrous  ether,  ammonium  chloride  is  deposited,  ami  the  ether  contains 
cyanamidc,  CN,H2,  in  solution,  from  which  it  separates  on  evaporation  in 
the  crystalline  form,  (\-a.iain.de  is  easily  soluble  in  water,  alcohol,  and 
ether ;  it  melts  at  40°  C.  (104°  F.j. 
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Solid  cyanogen  dd-oride,  ('..N^.'lj.  m  fj-J-l,.  is  generated  when  anhydrous 
hydrocyanic  acid  is  put  imo  n  vessel  ill'  oiiknaite  gas,  and  the  whole  expoaed 
to  the  sun :  hydrochloric  acid  is  formed  ;tt  tin;  sji.uk!  time.  It  forma  long 
colorless  needles,  which  exhale  ;i  pov.erihl  ami  offensive  odor,  compared  by 
some  to  that  of  the  excrement  of  mice  ;  it  melts  at  14IP  C.  (284°  F.),  and 
sublimes  unchanged  at  a  higher  temperature.  When  heated  in  contact 
with  water,  it  ia  decomposed  into  cyjuiurio  ;nnl  hydrochloric  acids.  It  dis- 
solves in  alcohol  and  ether  ivit-hour.  decomposition. 

Cyanogen  Bkomihe  and  Iouihk  correspond  to  l.he  first  of  the  preceding 
componnda,  and  are  prepared  by  distilling  bromine  or  iodine  with  mareurio 
cyanide.      They  are  colorless,  voljLtilt,  solid   substances,  of  powerful  odor. 

Cyanogen  Suli'iube,  C.2~S.fi.  or  C.\\H,  recently  obtained  by  Linnemann 
by  the  action  of  oyanojion  iodide  upon  silver  sulphecyanale,  crystallizes 
in  transparent,  volatile,  rhombic  plates,  having  mi  odor  similar  to  that  of 
cyanogen  iodide.  It  melts  at  ill.)0,  but  documposes  rapidly  at  a  higher  tem- 
perature ;  dissolves  in  ether,  alcohol,  mid  water,  mid  .separates  from  hot 
concentrated  solutions,  on  cooling,  in  iLe  crystalline  form. 

Sulphocyanic  Aeid,  CN1IS,  —  This  acid  is  the  sulphur  analogue  of  cyanic 
acid,  and,  like  the  latter,  is  monobasic,  I  he  sulphocyunalos  of  monad  metals 
being  represented  by  the  formula  CNSM. 

Potassium  sulpkonitmalr,  CKSK.  —  To  prepare  this  salt,  yellow  potassium 
ferrocyauide,  deprived  of  its  water  of  crysuilliMtiou,  is  intimately  mixed 
with  half  its  weight,  of  sulphur,  find  the  whole  healed  to  tranquil  fusion  in 
an  iron  pot,  and  kept  fev  s.omo  time  in  thut  cendilion.  When  cold,  the 
melted  mass  is  hoilcd  with  water,  which  dissolves  out  a  mixture  of  potas- 
sium sulpho  cyan  ate  and  iron  snlphocyanato,  lea.ving  little  behind  but  the 
excess  of  sulphur.  This  solution,  which  becomes  red  en  exposure  to  the 
air,  from  oxidation  of  the  iron,  is  mixed  with  potassium  carbonate,  by 
which  the  iron  is  precipitated,  and  pmassiuni  subsdn.lcd:  an  excess  of 
Ihc  carbonate  must  be.  as  far  as  possible,  avoided.  The  filtered  liquid  is 
concentrated,  by  evaporation  over  an  open  tiro,  to  n  small  bulk,  and  left  to 
cool  and  crystalline.  The  crystals  are  drained,  puriiiod  by  re-solution,  if 
necessary,  or  dried  by  enclosing  i  hem.  -oread  on  lilt  er-pa  per,  over  a  sur- 
face of  oil  of  vitrinl  covered  with  a  bell-jar. 

The  reaction  between  the  sulphur  and  the  potassium  ferrocyunide  is 
represented  by  tin;  equation: 

K,Pe"C6Ns        -j-         S„        =        4CNSK        +         (CNS),Fb" 

Another,  and  even  better  process,  consists  in  gradually  heating  to  low 
redness  in  a  covered  vessel  a  mi  vn.re  of  Id  pa  rts  of  dried  potassium  fer- 
rooyanide, 32  ef  sulphur,  and  17  of  pure  potassium  carbonate.  The  mass 
is  exhausted  with  water,  the  aqueous  solution  is  evaporated  to  dryness, 
and  the  residue  is  exhausted  with  alcohol.  The  alcoholic  liquid  deposits 
splendid  crystals  on  cooling  or  evaporation. 

Potassium  sulphoeyanitle  crystal ii^es  ill  long,  slender,  colorless  prisms, 
or  plates,  which  are  anhydrous :  it.  has  a  hi  tun.'  saline  taste,  and  is  desti- 
tute of  poisonous  properties:  it  is  very  soluble  in  water  and  alcohol,  and 
deliquesces  when  evposed  to  a  moist  a.tmospherc.  When  heated,  it  melts 
to  a  colorless  liquid,  at  a.  temperature  far  below  thai  of  ignition. 

When  chlorine  is  passed  into  a  strong  solution  of  potassium  sulphocya- 
nate,  a  large  quantity  of  a.  bulky,  deep  yellow,  insoluble  substance,  re- 
sembling some  varieties  of  lead  chromare,  is  produced,  together  with  potas- 
sium chloride  ;  the  liquid  sometimes  assumes  a  deep- red  tint,  and  emits  a 
pungent  vapor,  probably  cyanogen  chloride.  The  yellow  matter  may  be 
collected  on  a  filter,  well  washed  with  boiling  water,  and  dried:  it  retains 
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its  brilliancy  of  tint.  It  was  r'oiiiioily  callea  svipliirvinnam,  from  its  sup- 
posed identity  wit.ii  the  i-a<liu;i-l  nf  the  sulphoeyauales;  if  is,  however,  inva- 
riably found  to  contain  hydrogen,  anil  is  represented  by  the  formula 
C,N3HSj.  Tile  yellow  snh~t;i.iic(t,  now  generally  called  pcrmtlpliocyanogen,  is 
quite  insoluble  in  water,  alcohol,  and  other:  it  dissolves  in  concentrated 
sulphuric  acid,  from  which  it  is  precipitated  by  dilution.  Caustic  potash 
also  dissolves  it,  with  dec-'mi  position  ■  acids  throw  down  from  this  solution 
a,  pale-yellow,  insoluble  body,  having  acid  pi'o[)erties.  When  heated  in 
the  dry  state,  it  evolves  suluhiir  ami  oa  rbor.  bisulphide,  and  leaves  a  pale, 
straw-yellow  substance,  called  hy  drome  Hone,  (^NJlj,  (he  decomposition 
being  represented  by  the  equation : 

SC3N3HS3        =        8CSi         +         ss        +         CgNpHj. 

/I'/droiiai  Su!p/iwi/iiii--jli\  or  .//'.■■/.■■.i.<:,// ..,■', ,■:.■:..;.■:;.)■,■  .1  -ii!.  CNSII,  is  obtained  by 
decomposing  load  sulphocyunate,  suspended  in  water,  with  sulphuretted 
hydrogen.  The  filtered  soldi  ion  is  colorless,  very  aeid,  and  not  poisonous; 
it  is  easily  decomposed,  in  a  very  complex  manner,  by  ebullition,  and  by 
exposure  to  the  air.  By  neul  raSi/in<i:  the  liquid  with  ammonia,  and  evapo- 
rating very  gently  i  :>  dryness.  m,i ;.-•■;■  im,'.  ■•:n!,ih:M-./'.i.'ii.ai:..  CNSXHj,  is  obtained 
as  ft  deliquescent,  saline  mass.  The  salt  may  he  conveniently  prepared  by 
digesting  bydrocyanie  aeid  with  yellow  ammonium  sulphide  (containing 
excess  of  sulphuri,  ami  boiling  "off  the  excess  of  the  latter:  2CKII  + 
(NH4),8  +  Sa  =  II ,S  -|-  !KCH(NHJ.  The  su'phooya  nates  of  sodium,  barium, 
strmv.ium,  calcium,  ■nmn '/■:.' ■"■•:'■,  and  in.::,  are  colorless  and  very  soluble:  those 
of  lead  and  silver  are  white  and  Insoluble.  A  soluble  sulphocyanate  mixed 
with  a  ferric  salt  gives  no  precipitate,  but  causes  the  liquid  to  assume  a 
deep  blood-red  tint:  hence  (he  use  of  potassium  sulpliocyanate  as  a  test 
for  iron  in  the  state  of  ferric  salt.  The  red  color  produced  by  sulphocya- 
nates  in  ferric  solutions  is  exactly  like  that  caused  under  similar  circum- 
stances by  meconio  aeid.  The  two  substances  may,  however,  be  readily 
distinguished  by  the  addition  of  a  solution  of  pnid  chloride,  which  de- 
stroys the  Color  prinlnceil  by  su!phooynm:1cs.  The  ferric  meconate  may 
also  be  distinguished  from  Ihe  sulphoeyanide,  as  Kvorkt.  has  shown,  by  an 
addition  of  corrosive  sublimate,  which  bleaches  the  sulpliocyanate,  but 
has  little  effect  upon  the  niecoua.ie.  This  is  a.  jioini  of  considerable  prac- 
tical importance,  as  in  medico-legal  inquiries,  in -which  evidence"  of  the 
presence  of  opium  is  sought  for  in  complex  oi-ganio  mixtures,  the  detec- 
tion of  meeouic  acid  is  usually  tbo  object  of'  the  chemist:  and  since  traces 
of  alkaline  sulphoeyanide  are  to  be  found  in  the  saliva,  it  becomes  very 
desirable  to  remove  that  source  of  error  and  ambiguity. 

The  great  facility  with  which  hydrocyanic  aeid  may  be  converted  into 
ammonium  sulphocvanale  ena.bles  us  In  ascertain  its  presence  by  the  iron 
test  just  described.  The  cyanide  to  lie  examined  is  mixed  in  a  watch-glass 
with  some  hydrochloric  acid,  and  colored  v.itb  another  watch-glass,  to 
which  a  few  drops  of  j  cllow  ammonium  sulphide  adhere.  On  heating  the 
mixture,  hydrocyanic  aeid  is  disengaged,  which  combines  with  the  am- 
monium sulphide,  and  produces  ammonium  sulpliocyanate  :  this,  after  ex- 
pulsion of  the  excess  of  sulphide,  yields  I  lie  red  color  with  solution  of  ferric 
chloride. 

SffliPHOOTANio  Etiiees.  —  These  ethers  exhibil  isomeric  modifications, 
probably  analogous  to  those  of  the  alcoholic  cyanides  and  isocyanides  (p. 
711).  The  normal  snliilioeyana'es  of  methyl  and  its  homologues  were  dis- 
covered by  Cahours;  ;-  and  quite,  recently  Jlofmaiin  has  obtained  the  corre- 
sponding isosulphoeyanales.'|-     The  same  chemist  some  years  ago  obtained 
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phenyl  isosnlpbocyanate.*    Allyl  isosulpbocyatiaf.e  has  long  been  known  as 
a  natural  product. 

Normal  Ethyl   Svlphccyanate,   C  |  gC  H  ,  is  obtained  by  saturating  a  con- 
cent rated  sol n I  ion  of  potassium  sulphoeyaitare  wil  li  ethyl  chloride  : 


C,H6CI        =         KOI       -f        c  { SC  H  ■ 


also  by  distilling  a.  mixture  of  calcium  cthvlsiilplmie  and  potassium  sulpho- 
evanate.  1 1,  is  ii  mobile,  t.:  1.1  !i>  flees,  st  t-.:  1 1  -L  ■.-  refracting  lioitid.  having  a  some- 
what pungent  odor,  like  that  of  incrcapfatr  11  boils  at  l-.!GcC.  (296° F.)  With 
ammonia  it  does  not  combine  directly,  bit  I  yields  products  of  decomposition. 
The  methyl  and  ninyl  sulph  noyau  ic  ether-  resemble  the  eiliy!  compound, 
and  are  obtained  bv  similar  prucessos.  'I'iie  methyl  ether  boils  at  about 
132°  C.  (270°  F.) ;  the  amyl  other  at  197°  C.  (387°  F.). 

Ethyl  Tso'.itlpliocyi.iiidte.  ^  -:  ',  ',.'  ,  is  prod  need  by  distilling  diethyl-sul- 
phooar'jamiue  villi  uiiosphorio  oxide,  v.-hicli  abstraets  othylamine  : 

».{|X).      -     »{§f'       =       »{ffi" 

Diethyl-sulpbo-  Ethylaminc.  Ethyl  isosul- 

carbamide.  pbocyanate. 

This  other  differs  essentially  in  all  its  properties  from  ethyl  sulpbocyan- 
atc.  It  boils  at  134°  C.  (278°  F),  and  has  a  powerfully  irritating  odor, 
like  that  of  mustard-oil,  and  quire  d  ill  even  r.  from  that  of  normal  ethyl-sul- 
phocyanate.  It  unites  directly  vvith  ammonia  in  aleoliolie  solution,  forming 
clhy'stilpliocarbamide.  JV,(<.'S;'-'l.<yi5:ll;i,  mid  terms  similar  compounds  with 
methylamine  and  ethylamine.  The  pungent,  odor  and  the  direct,  combina- 
tion with  ammonia  and  amines,  are  characteristic  of  all  the  ethers  of  this 

Pkeny.  . 

sulphocarbamide,  BUCS)''(C,H()H,, 

sulphocyanatc,    Ni'CS/'i  ''h,!!-'1.    in    like    innniier   from    rlinaphtb.ylsu.lpuo- 

carbamide.      The  former  boils  at  £>t.i°  U.  (428°  F.). 

Allyl  IsosalphocyamtU,  K  '.  ;.  \J  .  —  This  is  the  intensely  pungent  volatile 
oil  obtained  by  distilling  the  seed?  of  black  mustard  with  water.  It  does 
net  exist  ready  formed  in  the  seeds,  but  is  produced  by  the  decomposition 
of  inyronio  acid  under  the  influence  of  my  rosin,  an  albuminous  substance 
analogous  to  the  synapt.aso  of  bitter  ahuonds  (see  p.  679).  The  same 
compound,  or  perhaps  its  isomer,  normal  cthylsulphoeyanate,  is  produced 
by  the  action  of  potassium  sulphoeyanal.e  or  silver  sulphoeyana te,  en  aiivl 
iodide  or  ally!  oxide.  Oil  of  mustard  is  a  transparent,  colorless,  strongly 
refracting  oil,  possessing  in  the  highest  degree  the  sharp  penetrating  odor 
of  blaek  mustard.  The  smallest  miantity  of  the  vapor  exeites  (ears,  and  is 
apt  to  produce  inflammation  of  I  he  eves.  It  has  a  burning  taste,  and  rapidly 
blisters  the  skin,  .lis  specific  gravity  is  1  -00!)  at  15°.  It  boils  at  1-1K-"  0. 
(298°  F.).  It  is  sparingly  soluble  in  water,  easily  soluble  in  alcohol  and 
ether;  dissolves  sulphur  and  phosphorus  when  heated,  and  deposits  them 
in  the  crystalline  slate,  on  cooling.  It  is  viuleiitly  us  idi/ed  by  nitric  and 
by  nitro muriatic  acids.  Healed  in  a  .sealed  tube,  iviih  potassium  monosul- 
phido,  it  yields  polassium  -uluhucyanaic  and  <n;:,'i-'/.'  v;  ■',". hide  (volatile  oil  of 
garlic,  p.  545) : 

2NCS(C3H6)        +        KSS        =        2CNSK        +         (0,Hs)aS. 
*  Proceedings  of  the  Koyal  Society,  I*.  SJ*,  WT> 
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It  likewise  yields  garlic  oil  when  decomposed  by  potassium.  Heated  f.o 
120°  in  a  scaled  tisijc  with  pulverized  soda-lime,  ii  yields  sodium  sulphc- 
cyanafo  and  albjl  osiih,  the  oxidized  constituent,  o f  garlic  oil: 

2NCS(C,HS)         4.       NasO        =        2CNSNa      +         (C3H5),0. 

Ao,ueous  potash,  sod  11,  baryta,  and  the  oxides  of  load,  silver,  and  mercury, 

in  presence  of  water,  convert  oil  of  mustard  into  slutijmUne,  C,1I1SN20,  with 

formation  of  metallic  sulphide  and  carbonate;  thus: 

2NCS(CSH6)    +    3PhO    +    OH,    =    2PbS    +    CO,Pb    +    Ofi^lfi. 

Sinnpoline  is  a  basic  substance,  which  crystallizes  it*  colorless  plates, 
soluble  in  water  and  alcohol,  and  having  a  distinct-  alkaline  reaction. 

Oil  of  mustard   unites   reudilv  with    ammonia,  forming  lldostn amine,  f'4lf5 

ncs) 

NS  .  KH-,  or   alhil-u'l^i'.ir-iyl.iiiy..,!,;    _Y, ;  C-!lr.  which   is    also  a  basic   com- 

l  H, 
pound,  forming  ooboooss  ii-isimI  10  cry-uals,  :iavirg  :i  bitter  taste  and  solu- 
blo  in.  water.  The  solution  does  not  affect  test-paper.  Thiosinamine  melts 
when  heated,  but.  cannot  be  sublimed.  Acid?  combine  with  it,  but.  do  not 
form  crystallizablo  salts:  (he  double  salt-  of  the  hydrochloride  with  pla- 
tinic  and  mercuric  clilevide  are  I  In;  most  definite. 

Thiosinamine  is  dci-omposcii  by  jru'iallic  oxides,  as  lead  oxide  or  mercuric 
oxide,  with  product  inn  of  :i  metallic-  sulphide  ami  si,i,nnitie,  C,HaNa,  a  basic 
compound  which  cryslalli/.os  very  slowly  from  a  concentrated  aqueous  so- 
lution in  ln'iii!i;iil,  colorless  crystals  containing  writer.      It  has  a  poworfully 

liittcr  t.asfe,  is  strnngiy  alkaline  10  test-paper,  atid   decomposes  ai oninui 

salts  at  the  boiling  heat.  Its  oxalate  is  erystnllizable.  The.  formation  of 
sin  limine  from  ihiosiimmine  by  1  he  action  of  mercuric  oxide  is  represented 
by  the  equation  C4Us\.fi    |    HgO  =  IlgS  +  OCT,  +  C,F,Na. 

Seleniocyanates. — -A  series  of  salts  con  raining  selenium,  and  correspond- 
ing in  composition  and  properties  with  the  sulphoeyaiiates,  have  been  dis- 
covered and  examined  by  Mr.  Crookes.* 

Melam. — This  name  is  given  by  Liebig  to  a  buff-colored,  insoluble, 
am  of]>  ho  us  substance,  obtained  by  fin:  distillation  of  ammonium  sulpbocy- 
anat.o  a.t  a  high  temperature.  It  may  lie  prepared  in  large  rui  a  n  r.i  r.y  by  in- 
timately mixing  1  part  of  perfectly  dry  puiassiain  sidjdineyanaie  with  2 
parts  of  powdered  sal-aininntiae,  ami  heating  the  mixture  for  some  time  in 

a  retort  or  flask:   ca.rbon  bisulphide.  uionium  suljdiide,  and  sulphuretted 

hydrogen,  arc  disengaged  and  volatilized,  while  a  mixture  of  melam,  potas- 
shini  chloride,  and  sui-ammoniao  remains:  tiie  two  fatter  substances  are 
removed  by  washing  with  hot  water.  Melum  contains  C6ll,,Nn:  it  dissolves 
in  concentrated  sulphuric  acid,  and  gives,  by  dilution  with  water  and  long 
boiling,  eyanurie  acid.  The  same  substance  is  produced,  with  disengage- 
ment of  ammonia,  when  melam  is  fused  with  potassium  hydrate.  When 
strongly  heated,  melam  is  resolved  into  mellouc  and  ammonia. 

If  melam  be  boiled  for  a  long  time  in  a  moderately  strong  solution  of 
caustic  potash,  until  the  whole  has  dissolved,  and  t.lie  liquid  be  then  con- 
centrated, a-  ervs:;illin.f  subslaiieo  separai''s  011  cooling,  which  is  culled 
melti-i/iiiis.  liy  re-cryst.alliialiou  it  is  obtained  in  colorless  crystals,  having 
the  figure  of  an  octoiioiii'nn  with  rhombic  base:  it  is  but  slightly  soluble  in 
cold  water,  fusible  by  heal.  Melamine  is  also  Conned  on  heating  cyana- 
mide  to  150°  t.l.  (:ity2h  !■'.),  arid  even  on  evaporating  an  aqueous  solution  ot' 
that- substance.  It  contains  ('.JI.-.Vj.  and  acts  as  a-  base,  combining  with 
acids  to  form  crystal  lizablc  compoomls.  A  second  basic  sufcsfance,  culled, 
!►  Journal  cf  the  ChcltJlf.nl  Society,  iv.  12, 
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ammeline,  very  similar  in  properties  to  molamine,  is  found  in  the  alkaline 
mother-liquor  from  v.-lilcb  the  mchunino  has  hi-j . i^i-iit c.h.1  :  it  is  thrown  down  on 

rnv.itriiliz!:ig  tin:  liipiid  '.villi  acetic  acid.  Tin1  preeipiialo,  dissolved  iu  di- 
lute nitric  acid,  yields  crystals  of  aiuinciinc  nilraie,  from  which  the  puro 
ammeline  may  bo  separated  by  ammonia.  It  furms  a  brilliant  white  pow- 
der composed  of  minute  needk's,  insoluble  in  water  and  alcohol,  and  con- 
li.ir.s  C.Ai-S.I).  Wlieu  ammelino  is  dissolved  in  concentrated  sulphuric 
acid,  mid  ilie  solution  mixed  with  a  lartrc  quantity  of  walor,  of,  bettor, 
spirit  of  wine,  a  wliite.  iosobiblo  powder  talis,  whicu  is  called  ammelide,  and 
i*  found  io  contain  C'(.ngN903. 

By  the  action  of  acids  or  alkalies,  mo' limine  n:ay  be  converted  into  amme- 
line, ammelide,  and,  lastly,  into  cyanuric  acid,  water  being  assimilated 
and  ammonia  evolved : 

CsHeN„        +         ILO        =        GjHsN,0        +        NHS 
Melamme.  "  Ammeline, 

2C,HBNsO    -f         HaO        =        C6HnN,03       +        NHa 

Ammeline.  Ammelide. 

C6H„N?Oj    -f      3HaO        _       2C3li5Na03       +       3NHa, 

Ammelide.  Cyanuric  acid. 

Mellone  and  its  Compounds.  —  The  formation  of  mellone  as  a  residuary 

product  of  the  action  of  hear,  on  nersuhilioey  uneven,  and  upon  melara,  has 
been  already  mentioned.  This  sub-lance,  which  docs  net  appear  to  have 
been  obtained  in  a  state  of  purity,  possesses  the  properties  of  an  organic 
radical.  At  a  high  temperature  it  coin bines  directly  with  potassium,  pro- 
ducing a  well-defined  saline  compound,  ti-ipiidiissic  iitcHoiride,  CjHaKj,  and 
the  same  salt  is  produced  in  the  aot.itm  of  mellone  "upon  potassium  bromide 
and  iodide,  bromine  and  iodine  being  liberated.  A  bolter  method  of  pro- 
paring  it  consists  in  fusing  crude  mellone  with  potassium  siilpliocyanate. 
It  may  also  be  produced  by  fusing  tin;  fcrrocyamde  v.'ilh  half  its  weight  uf 
sulphur.  The  fused  mass  obtaioed  by  tit  her'  process  is  dissolved  in  boiling 
water,  from  which  the  tri-pot.assie  mollourde  crystallizes  on  cooling,  and 
may  be  purified  by  repented  crystallisation.  Acetic  acid  converts  this  salt 
into  dipotassic  melionide.,  (.',.11  lsK,ll,  ulilcb  is  also  soluble.  Hydrochloric 
acid  produces  the  monnpotiinsic  sab,  t  ',\r.Knv.  w'iicli  is  insoluble.  These 
three  salts  stand  to  each  oilier  in  i.bo  same  relation  as  the  several  salts  of 
phosphoric  and  cyanuric  acids.  Tripotassic  luelluuidi:  produces  with  solu- 
ble silver -salts  a  white  precipitate,  U^uAjij  ;  with  lead-salts  and  mercury- 
salts,  precipitates  containing  rcspci;l'ively  (.!,sNa.l'b.t,  find  C|SN2sHgj,  The 
latter  dissolved  in  hydrocyanic  acid,  and  tromod  wi't.li  sulphuretted  hydro- 
gen, yields  hydromollonic  acid,  03N];!!l3.  II  is  known  only  in  solution, 
which  has  an  acid  taste :   on  evaporation  it  is  decomposed. 


UREA.  — URIC  ACID  AND  ITS  PRODUCTS. 

These  bodies  are  closely  connected  witb  llu;  i-viiiioaam-compountls,  and 
may  be  most  conveniently  discussed  in  ibo  present  place. 

Urea,  CN2H40.  —  Urea  maybe  extracted  from  its  natural  source,  the 
urine,  or  it  may  be  prepared  by  artificial  means.  I'resh  urine  is  concen- 
trated in  a  water-bsi  li,  until  reduced  to  an  eit;hl  li  or  a  tenth  of  its  original 
volume,  and  filtered  through  cloth  from  Ilie  insolub;e  deposit?  of  urates 
and  phosphates.  The  liquid  is  mixed  with  about  an  equal  quantity  of  a 
strong  solution  of  oxalic  acid  in  hoi  waier,  mid  (lie  whole  vigorously  asn- 
61 
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tated  and  left  to  cool.  A  very  copious  fawn-colored  crystalline  precipitate 
of  urea  oxalate  is  obtained,  which  may  Ijl:  placed  upon  a  cloth  filter,  slightly 
washed  witli  co':il  water,  iitnl  pressed.  Tliis  in  to  be  dissolved  it)  boiling 
water,  and  powdered  chalk  added  iittr.1  effervescence  ceases,  and  the  liquid 
becomes  neutral,  The  solution  of  urea  is  filtered  from  the  insoluble  cal- 
cium oxalate,  wanned  with  a  little  ar.imai  charcoal,  anain  tittered,  and  con- 
centrated by  evaporation,  avoiding  el.nu'.iiioii,  until,  crystals  form  on  cool- 
ing: these  are  purified  by  a  repetition  of  the  last,  part  of  the  process. 
Urea  may  be  extracted  in  great  abuetiance  from  the  urine  of  horses  and 
cattle  duly  concentrated,  and  from  which  the  hippo  rlc  a  old  has  been  sepa- 
rated by  addition  of  hydrochloric-  acid  ;  oxalic  ;:cid  then  throws  down  the 
oxalate  in  such  quanlily  as  to  render  t.lic  its  ole  semi-solid.  Another  pro- 
cess consists  in  prcciuitnl  ing  i  lie  evsporsted  mi  tie  v.  il  h  concentrated  nitric 
acid,  when  urea  niiv.ite  in  precipitated,  which  is  purified  by  re- crystalliza- 
tion with  animal  cbarcoal,  and,  lastly,  decomposed  by  barium  carbonate, 
whereby  a  mixture  of  barium  nitrate  and  urea  is  formed,  which  is  to  be 
evaporated  to  dryness  t:n  ibc  vaier-halh,  and  exhausted  with  hot  alcohol; 
the  urea  then  crystallizes  on  cooling. 

Urea  is  produced  arl  itleia.ily  by  herding  a  solution  of  ammonium  cya- 
nate. The  following  medio:!  of  proceeding  yields  il,  in  any  quantity  that 
con  be  desired.  Potassium  cyanate,  prepared  hy  Liehig's  process  (p.  713), 
is  diss. lived  in  a  small  quantity  of  Hitter,  and  a  quantity  of  dry  neutral 
ammonium  sulphate,  equal  in  weighl  to  il:e  eyauslc,  is  added.  The  whole 
is  evaporated  to  dryness  in  a  ivater-liatli,  and  the  dry  residue  boiled  with 
strong  alcohol,  which  dissolves  out  the  urea,  leaving  the  potassium  sul- 
phate and  the  excess  of  ammonium  sulphate  untouched.  The  filtered  solu- 
tion, concentrated  by  distilling  oil'  a  portion  of  the  spirit,  deposits  the 
urea  in  beautiful  crystals  of  considerable  size. 

Urea  forms  transparent,  colorless,  four-sided  prisms,  which  are  anhy- 
drous, soluble  in  an  equal  weight  of  cold  water,  and  in  a  much  smaller 
quantity  at  a  high  tempevainre.  It  is  a'.so  readily  dissolved  by  alcohol. 
It  is  inodorous,  has  a  cooling  saline  taste,  and  is  permanent  in  the  air, 
unless  the  latter  he  very  damp.  When  heated  it  melts,  and  at  a  higher 
teiiiperaluee  decomposes,  with   evolutio: 


e  ;   oyanuric  a 


r  heat  without 


„_.     Tho  solution  of  urea  is  neutral  to  test-paper: 

posed  in  the  cold  hy  alkalies  or  by  calcium  hydrate,  tint  at  a  boiling  heat 
emits  ammonia,  and  forms  w  metallic  eat  bonate.  The  same  change  hap- 
pens by  fusion  wii  11  the  alkaline  by  el  rales,  and  when  urea  is  heated  with 
water,  in  a  sealed  tube,  to  a  temperature  above  100° : 

COH,Ns  -f  IIsO  =  CO,  +  2Nff5. 
Urea  contains,  in  fact.,  the  elements  of  ammonium  carbonate  minus  the  ele- 
ments of  water:  tXy.NU^  —  2II.O.  and  has  accordingly  been  supposed 
to  he  idem  lea  I  with  carbamide.  l!eoct;t  experiments  have,  shown,  however, 
that  it  is  isomeric,  not  identical  villi  that  compound,  inasmuch  as,  when 
heated  with  a  largo  escess  of  potassium  permanganate  in  presenae  of  much 
free  alkali,  it  gives  off  all  its  nitrogen  in  the  tree  state  as  gas,  whereas 
when  amides  and  auoiiornum-saltn  are  t-V.us  treated,  the  whole  of  the  nitro- 
gen is  oxidized  to  nitric  acid.*  The  difference  of  const  it.ntion  between  the 
three  isomeric  compounds — -ammonium  cyanate,  urea,  and  carbamide — ■ 
may  perhaps  be  represented  by  the  following  foi'inuuBi 

r(NII)"  fNH, 


C  {<JN1 


Ammonium  cyanate.  Urea.  C 
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A  solution  of  pure  urea  show?;  r:o  tendency  to  change  by  keeping,  and  is 
not  decomposed  by  boiling ;  in  the  urine,  on  the  oilier  band,  where  it  U 
associated  with  putrefiable  organic  matter,  a?  mucus,  r.lie  case  is  different. 
In  putrid  urine  no  uvea  can  Ik;  fiiniul,  but.  enough  ammonium  carbonate  to 
cause  brisk  effervescence  with  an  acid:  ami  if  mine,  in  a  recent  stale, 
be  long  boiled,   it  gives    off  ammonia    ami  carbonic   acid   from   the   Same 

Urea  is  instantly  d'aiorcnoso'l  by  ■nim-it.i  ae.iil  inio  carbon  dioxide,  nitro- 
gen, and  water :  COH^N,  +  2K02H  =  C02  +  2NS  +  3H20;  this  decompo- 
sition explains  the  v.<<:  of  urea  in  preparing  nitric  ether  (p.  526).  When 
chlorine  gas  is  passed  over  moiled  i:r«,  hydrochloric  acid  and  nitrogen  are 
evolved,  and  there  remains  a  mixture  0'.'  sal-ammoniac  and  cyanurio  acid: 

6COH4N,  +   3C1,  =s   2CsH3N-309   -|-   4NH4Cl   +   2HC1    +   N,j 


COHjN,    -f     SC1HO     =    3HC1     +     COs     +     2HsO     +     Nr 

Urea  acta  as  a  base :  wii.li  niirlr.  crfd  ii  fui-ms  :\  sparingly  soluble  com- 
pound, which  orystnilhes,  when  pure,  in  small,  indisiitiet..  colorless  plates, 
containing  COH,N5.  N03H.  When  colorless  nitric  acid  is  added  to  urine 
concentrated  to  a  fourtb  or  a  sixth  of  its  volume,  and  cold,  the  nitrate 
crystallizes  Out.  in  large,  brilliant,  yellow  laminie,  which  are  very  insoluble 
in  the  acid  liquid.  The  production  of  'his  nilrj].!e  is  highly  characteristic 
of  urea.  The  oxalate,  (C011,_N .,')., .  C.li.^i,,  when  pore,  crystallizes  in  large, 
transparent,  colorless  plales,  whk-b  have  an  acid  reaction,  and  are  spar- 
ingly soluble.  Urea  forms  several  compounds  with  metallic  salts,  e.  g., 
with  those  of  mercury.  On  mixing  :i  liquid  Cuntainiu];  urea  with  a  solution 
of  mtrcwie nitrate,  a  white-  precipitate  is  fnr:nc:L.cimsis!itLgof  COH,Ns  .  2H~gO. 
If  the  nitric  acid  which  is  1  h us  set  free  be  ueui  rali/ed  by  the  addition  of  on 
alkali  or  baryta- water,  the  whole  of  the  urea  is  removed  from  the  liquid 
in  the  form  of  the  above  compound.  l.ic.big  has  based  upon  this  reaction 
a  process  of  determining  the  amount  of  111131  in  urine  :  2  volumes  of  urine 
are  mixed  with  1  volume  of  a  baryta  solution  prepared  with  2  volumes 
baryta-water  saturated  in  the  cold,  anil  1  volume  of  11  solution  of  barium- 
nitrate  also  saturated  in  the  cold  ;  l-he  !ii|uid  is  filtered  from  the  precipi- 
tated sulphate  and  phosphate  of  barium  ;  and  a  graduated  solution  of  mer- 
curie  nitrate  is  added  In  a  measured  quant iiy  of  this  tiltered  liquid  (about 
15  c.c.)  till  a  sample  taken  out  gives  a  yellow  precipitate  with  sodium  car- 
bonate. It  is  convenient  to  dilute  the  mercuric  solution  to  such  a  degree 
that  1  cubic  centimetre  of  it  shall  correspond  lo  i"hH  gi.-m.  of  urea.* 

A  series  of  substances  analogous  to  urea.,  which  are  known  under  the 
names  of  methyl-urea,  ethyl-urea,  bictbyl.-urea,  &c,  will  be  noticed  in  the 
section  on  Organic  Bases. 

Uric  Acid,  CjNjHjOj,;  formerly  called  LiiMc  acid.  —  This  acid  is  a  product 
of  the  animal  orgaiiifni,  and  has  never  been  formed  by  artificial  means.  11 
may  he  prepared  from  human  urine  by  concentration  and  addition  of  hy- 
drochloric acid,  and  crystallizes  out  after  some  time  in  the  form  of  small, 
reddish,  translucent,  grains,  very  difficult  to  purify.  A  much  preferable 
method  is,  to  employ  the  solid  white  excrement  of  serpents,  which  can 
be  easily  procured :  this  consists  almost  entirely  of  uric  acid  and  ammo- 
nium urate.  It  is  reduced  to  powder,  mid  boiled  in  dilute  solution  of  caus- 
tic potash:   the  liquid,  filtered  from    the   insignificant  residue  of  feculent 

*  H.'siv-i'liuir  .•■■Mum  piwanpi'i^   1:.  I '::-.  rvi'i  I    1:1  |h  :-''-  '1  i:lii'T   "liiil   lirilUL'.:3,  if  (10  till!   delicto 

"Urine,"  by  Er.  Jlir.hiiel  Foster,  in  Watts'*  Dictionary  ot  Chemistry. 
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matter  and  earthy  phosphates,  is  mixed  with  excess  of  hydrochloric  aold, 
boiled  for  a  few  ruinates,  and  lefi  lo  cool.  The,  product  is  collected  on  a 
filter,   washed   until    free   from    potassium    chloride,   and   dried    by  gentle 

Uric  acid,  thus  obtained,  forms  a  glistening,  snow-white  powder,  taslo- 
lcss,  inodorous,  and  very  sparingly  soluble.  It  is  seen  tinder  the  micro- 
ECope  to  consist  of  minute,  but  regular  cryslals.  It  dissolves  in  concen- 
trated sulphuric  acid  without  apparent  u.'.l^oih [..o.tition,  and  is  precipitated 
by  dilution  with  water.  By  tiesiruoiivc  distillation,  uric  acid  yields  cyanic 
acid,  hydrocyanic  acid,  carbon  uiox.idc.  ammonium  carbonate,  and  a  black 
Coaly  residue,  rich  in  nitrogen.  By  fusion  ivil  li  iiolassiat:*  hydrate,  it  yields 
potassium  carbonate,  cyanaie,  and  cyai-.ii.ic.  \\  lieu  treated  with  nitric  acid 
and  with  lead  dioxide,  it  undergoes  decomposition  in  a  manner  to  be  pres- 
ently described. 

Uric  acid  is  bibasic  :  its  most  important  salt?  are  these  of  the  alkali- 
metals.  Acid  potassium  ur-itf,  t'i\i\\]KO:i.  is  deposited  from  a  hot  saturated 
solution  of  uric  acid  in  toe  diinie  nlka'.i,  a;  a  -.-. !  l  i  f  n .  sparingly  sol  it  file,  con- 
crete mass,  compose:!  of  minute  needles:  it.  requires  about  600  parts  of 
cold  water  for  solution,  is  rather  mote  soluble  at  a  high  temperature,  and 
much  more  soluble  in  excess  of  alkali.  Swli'im  i/mtn  resembles  the  potas- 
sium-salt :  it  forms  the  chief  constituent  of  the  gouty  concretions  in  the 
joints  called  chalk-stones.,  Aniitioinuin  urate  is  also  a  sparingly  soluble  com- 
pound, requiring  for  solution  about  IU00  pa.rfs  of  coal  water:  the  solubility 
is  very  much  inerca-ed  by  the  presence  of  a  small  quantity  of  certain 
salts,  as  sodium  chloride.  The  most  common  of  the  urinary  deposits, 
forming  a  buff-colored  or  pinkish  cloud  or  mudilincss,  which  disappears 
by  re-solution  when  the  urine  is  warmed,  consists  of  a  mixture  of  different 
urates. 

Uric  acid  is  perfectly  well  characterized,  even  when  in  very  small  quan- 
tity, by  its  behavior  with  nitric  acid,  A.  small  rmrtiun  mixed  with  a  drop 
Or  two  of  nitric  acid  in  a  small  porcelain  capsule  dissolves  with  copious 
effervesoen.ee.  When  this  sohuion  is  caaiionsiy  evaporated  nearly  to  dry- 
ness, and,  after  the  addition  of  a  little  water,  mixed  with  a  slight  excess 
of  ammonia,  a  deep-rod  t.iul  of  murcxide  is  immediately  produced. 

Impure  uric  acid,  in  a  tamers,  able  state  of  deonmposilion,  is  now  im- 
ported into  this  country,  in  large  quantities,  for  use  as  a  manure,  under 
the  name  of  guano  or  kuiiTto.  It  comes  chiefly  from  the  barren  and  unin- 
habited islets  of  the  western  coast  of  South  America,  and  is  the  production 
of  the  countless  birds  Mint  dwell  undisturbed  in  those  regions.  The  people 
of  Peru  have  used  it,  for  ages,  (inane  usually  appears  as  a  pale-brown 
powder,  sometimes  with  whit  isli  specks  :  it  has  an  oil  rem  el  y  offensive  odor, 
the  strength  of  which,  however,  varies  very  much.  It  is  soluble  in  great- 
part  in  water,  and  I  lie  selu!  ion  is  found  to  be  extremely  rich  in  oxalate  of 
'i,  the  acid  having  been  generated  by  a  process  of  oxidation.  Guano 
a  peculiar  substance  called  guanine,  which  will  be  described 


further  oi 
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Uric  acid  is  remarkable  for  the  facility  with  which  it  is  altered  by  oxi- 
dizing agents,  and  the  great  number  of  detmite  and  crysia'li/.Yble  compounds 
obtained  in  this  manner,  or  by  treating  the  immediate  products  of  oxida- 
tion with  acids,  alkalies,  reducing  agems,  &c.  The  following  is  a  list  of 
most  of  the  compounds  thus  produced :  — 
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ilric  acid      .         .     t:.yj\A>,.  II. 
l'-miil'i-unc  noiil  .      I.'SN.H-U,  -  II 

Uroxanic  acid  " 

Alloxan 
A.lloxanic  acid 
Alloxantin   . 
Barbituric  acid 
Bromobarlii-  ) 


Dil>mniob»r-  \ 


(\.\Jifop. }{.. 

C'.XJl,!)^ 

v.tsji  A.lij. 

C8N.H.O,.  3Aq. 
cXh.0,  .  H, 

C.N.H.BrO. .  H 


™d}      ■     C<Wr,0, 


V  in. uric  acid 
Diliturio  acid 
Violanlin  . 
Dialurio  acid 
Uramil 


c,N3n,o, . 

(.■.,N3ll..05.  II 

CAHaO, 

c:,  v,h.,o,.h 
c-Vut. 


Thionuric  acid 

Hydurilic  acid 

Allantoin 

Glycoluvil 

Myeomelic  acid 

Oxaluric  acid 

Allanturic  acid 

Hydautoin      . 

Hydantoic  acid 

Alliluric  acid 

Leucoturic  acid 

Parabauic  acid 

Dibarbiturie  acid  .      C^H^ 

Murexidc       .         .    CflN6H?08 

Mesoxalic  acid 


7:15 

.  C,N8H,06S  .  H, 

.  C.N,[-LOe .  H, 

■  <w'<A 
.  c,x.nGi.>, 
.  cwv*,.  11 

.  CjNJl'O,  .  IE 

.  CXiLO,.!! 

.  C3N.,1I4(I5 

.  liNJIA.H 

.  (VVVV  >< 

■  C.H,H,0B .  H 


When  nr>  acid  is  subjected  to  the  action  of  an  oxidizing  agent  in  pres- 
ent* of  walur,  it  gives  up  two  of  its  h yd vo:;.'']) -atoms  to  tbe  oxidising  agent, 
while  ihe  dfdiydrogciu/ed  residue  fwbh:b  ma;  be  called  ikhyduric  aeiil'f  re- 
acts Vi-i^i  water  lo  ionn  manznih  mid  and  urea: 

Deny  d  uric 

The  separation  of  the  u 


heated  with  baryta-u-ater,  is  run  lier  resolved  ii 


].h'-ii;  ■!■'[:■{■! 


2H-0       =       C.N.H.O, 


Moreover,  the  u 


;  frequently  resolved  i: 


i   acid   and   a 


j,  by  the  action  of  the  acids  or  alkalies  present.  Alloxa 
reidt  of  mesor.alic  acid — that  is  to  say.  iris  :t  coioiiound  of  tint  acid  with  one 
molecule  of  urea  minus*  211,0;  ami  the  Inpuiliei  ionl  dchydurie  acid  is  Ihe 
diurcide  of  the  same  iiuid,  derived  iVum  it  by  ail ili Lion  of  1  molecule  of  urea 
and  subtraction  of  4  molecules  of  ivaicr.  Now,  by  hydrofrenriing  mesoxalic 
e  obtain  tvnronic  mid,  {\\\fi^  (p.  (Hit*);  and  by  hydrogen!  zing  al- 
'"  -    -jordiugly,  \-~-  •     ■■ 


::.    the 


obtain  (IwJuric  actd,  ndisch   I 
anic  relation  that  megoxalio 


a  bear  to  dchydurie  acid  ; 
C6N,H,0, 


and  just  as  the  hypctlieucal  dehydurir  acid  yields  mosoxalie  acid  and  al- 
loxan, so  should  actual  uric  acid  yield  fartronic  and  diaiuric  acids.  These 
bodies,  however,  have  not  been  obtained  by  the  direct  breaking  up  of  urio 
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acid,  but  only  by  rehydrogeuhiii;r  the  mcsnxaUc  aeirl  and  alloxan  which 
result  from  the  breaking  up  of its  dehydrogenized  product.  Provisionally, 
hovv-ever,  dial  n.  no  and  itnu  acids  may  be  regarded  as  tartmu-ureidc  ami 
tartron-diureidc  respectively. 

The  several  bodies  j-.ist  mentioned  are  typic:i  I  of  t'areo  w  oil-defined  classes 
of  compounds,  lo  one  or  oilier  of  which  ;lj l  immense  number  of  uric  acid 
products  may  be  referred,  h'irst,  there  is  Ihe  class  of  simple  non-nitro- 
genous acids,  or  an-ursitles,  like  laiaroiiie  and  incso.\alic  acid;  secondly, 
(here  is  a  class  of  bodies  eon  t. lining  a  residue  of  the  aeid  plus  one  residue 
of  urea  — these  are  the  mcn-i '■■'/■/.■■■!,  such  as  dialuric  acid  and  alloxan;  and, 
lastly,  the  class  oibodios  containing  a  residue  of  the  acid  plus  two  residues 
oC  urea,  or  the  tii-urtitl??,  such  as  uric  aeid  itself. 

Mesoxalic  acid,  the  most  cnmpkx  non-nitrogenous  product  obtainable 
directly  from  uric  acid,  constitutes   tin:  third  term  in  the  following  series  : 

CHa03  C,1,0,  C3H,NS, 

Carbonic.  Oxalic.  Mesoxalic. 

each  of  which  contains  1  atom  of  carbon  monoxide,  (30,  more  than  the  pre- 
ceding.    Now 
excess  of  carb 

<Ws  +  0  =  CO,  +  CJIfi,. 
Hence,  when  uric  acid  is  subjected  to  a  more  active  oxidation  than  that 
which  suffices  to  produce  ;iieso>:alic  acid,  wo  obtain  oxalic  acid,  which  may 
ocour  either  in  its  simple  anuroido  state,  or  con jugs  led  with  1  molecule  uf 
urea  to  form  a  nioimrcide,  such  as  pv.ri'hinii':  mid:  or  with  2  molecules  of 
urea  to  form  a  diureide,  such  as  mycomclk  acid,  a  body  related  to  oxalic 
acid  jnst  as  uric  acid  is  ■■elated  lo  iiu'sosalic  acid. 

In  like  manner,  when  uric  aeid  is  subjected  to  a  still  more  powerful  oxi- 
dation than  sufliees  to  produce  o\alie  acid,  v.'e  obtain  carbonic  acid,  which, 
like  oxalic  and  iiicsojtal.io  acids,  is  also  capable  of  giving  rise  to  ureides. 
No  ureide  of  carbonic  acid  has,  indeed,  yet.  been  formed  directly  from  urie 
acid,  the  active  treatment  required  to  effect  the  complete  oxidation  of  the 
uric  acid  producing  also  a  separation  from  one  another  of  the  resulting 
carbonic  acid  and  urea,  which,  however,  may  be  obtained  in  combination 
by  other  means.  AHo/ihmik  arid,  for  instance,  the  ethylic  ether  of  which 
is  obtained  by  passing  (he  vapor  of  cyanic  acid  into  absolute  alcohol,  is  a 
monureide  of  carbonic  acid;  but  no  diureide  of  i.iiis  aeid  appears  to  have 
been  yet  produced. 

Alloxan,  the  monureide  of  mesoxalio  aeid  above  mentioned,  is  formed 
from  mesox&late  of  urea  by  elimination  of  two  molecules  of  water;  but 
there  is  another  monureide,  namely,  alivrvik  '.'<"'.  which  differs  from  the 
original  salt  by  only  one  molecule  of  water.  Similarly,  osalic  acid  forms 
two  monureides  —  namely,  jvtfji.'mii-  acid  ur  /urnibthi.  analogous  to  alloxan; 
and  oxahirie  add,  analogous  to  alloxanic  aeid.  Carbonic  acid,  however, 
forms  hut  a  single  ureide,  which  is  produced  by  the  elimination  of  only 
one  molecule  of  water,  and  accordingly  belongs  lo  the  same  series  as  the 
oxaluric  and  alloxanic  acids;   thus: 

Acids.  Ureides. 

Cll.,0...  Carbonic.  C.N.H.O,,  Allophanic. 

"    "  j'CjNjll.O,.   Ostiluj" 


1  CJS.H  n,,   ( 
OaH,0„  Oxalic.  {cXhX  Paraban, 

[  C.NJI,!),.    Alloxanic, 
"  "  ,  Alloxan. 


( ii'\;i!"ci'.,  ..■ 
[c>-;nao„  -■ 
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Similarly,  among  the  diurcides,  some  are  foimrd  from  the  correspi 
munurcides  by  elii:::mi:iou  of  one  inokouk,  and  others  by  eliminat 
two  molecules  of  water. 

.Ucsuxiilic  aoid,  its  ah-cady  observed,  is  convertible,  by  deoxidat 
liyilvoguiiii'iou,  intu  tarmmit  acid,  and  hy  pushing  i lie  dcoxidation  n 
farllicr,  ni-ultiitlc  acid  (]>.  ti(ii)  is  obtained,  boib  id'  which  acids  are  d 
of  forming  monurcidts  and  i.liiircii.lcs;  mid,  in  a  similar  manner, 
and  carbonic  acids'  furnish  a  variety  of  siniihir  dco.vidatiou-iiroducl.s 

Of  the  numerous  compounds  bolongiui:;  lo  tjii:  uric-  acid  group  thu 
duecd,  the  mosl  iniporlanl.  are  included  it)  Itu:  following  t;tblo,"  v.d. 
divided  perpendicularly  lii!o  I  heee  echi::ins  uf  a:i -tire  ides,  tuoii-ureidi 
di-uroides,  and  horizon',  ally  iuio  'iiree  layers  of  curiioiiie,  oxalic,  am 
(ivilic  products.  The  comr.i.r.mds  conr.ecied  by  durird  lines  differ  it, 
position  from  one  another  by  an  excess  or  deficit  of  one  molecule  o 
minus  one  molecule  of  water,  while  those  standing  on  (lie  same  k 
linr  adjoining  column-,  and  uncoiLiitcl td  by  dolled  lines,  dill'er  fro 
another  by  ;in  excess  or  deficit  ol'  one    mi.iiecuh;   id'  area  minus  two 


An-un:  -il-s. 
0H,Oa,  Carbonic._ 


Mon-ureiilee. 
....C2K2H403,  Alkpliar 


/}-'> 


,CaiN.,]!sD.„  Aoeturea. 
■X(.'>:ilf03.  idlycoiuric,      ,C'.X1]T..O„  Cllycoluril. 
/  /  /C<N4H60j,  Allantoic. 

C-H,0»  Acetic,''/  // 

(\iiii;.i;lv--..llit.        ^('.,N,If10.„[fydiiutoYu./ 
(^H1(>',.l.li'.oxvlie.'-'   A^SJi/X.  I.antanuric: 

/  CjNJIjO,.  Oxalurk. 
C5rl20„,  Glyoxalic.',/ 
r.,fl.,ii..  Oulic.  .,--■'        C,\.,ll,03,  J'arabanic. 


C.NJTjOj,  Mycomelic. 


CjHs05,  Mesoialic- 
Botween  some  of  the 

exist  boi'tie-  formed  by  I 
elimination  of  water,  i 
uric,  anil  hiidirril.ij:  ucii/n, 

cjryV*      = 

A  llil  uric 


l/.V.Ii/UIvposaMhiie 

C'.XJI,!).,,  Xanthine. 

f';VlA.  Trie  acid. 

-~CtNJl,.0;.  I'stttdo-uric. 


„F,0,,  Barbituric. 
,11  A.  Dialurio.-. 
,H,Op  Alloxanie. 
sHjOj,  Alloxan. 

re  monureidoa  shown  in  this  table,  thero 
>n  of  the  two  consecutive  monureiiles,  with 
.  the  mode  of  formation  of  ulli'.'irk,  laiitiw- 
uHtisan'hi  ;  thus  : 

H4°;J        +         CsNsH4°3        —        H,0 

mtoin,  Lant.aiiurio 


(,i,\,!I..Oa 
I'arabanio 


IIaO 


(1^,11,0, 
HI  ox  an  tin. 


::  This  tiil'li1.  t.'.'tnlh^r 
tiits  of  urie  acid,  in  tak 
pp.  129-135. 
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n  of  some  of  the  more  important  compounds 

Allaktoin,  CjN,H6Oa.  —  This  substance,  which  contains  the  elements  of 
2  molecules  of  ammonium  oxalate  minus  Ji  molecules  (if  water  [2C.I('SUl), 
(),  —  51l'.,0"j,  is  contained  in  the  allnni o'lc  liquid  of  the  fetal  calf  and  in 
the  urine  of  the  sucking  calf.  It  is  produced  artificially,  together  with 
Oxalic  acid  and  urea,  by  boiling  uric  acid  with  lead  di aside  and  water: 

2C5N,H,03  - 

Urio  acid. 

The  liquid  filtered  from  lead  oxalate,  and  duly  fiijr.ei-ntrdl.ed  by  evapora- 
tion, deposits  on  eoolisig  erysuds  of  alluntoin,  which  are  purified  by  re- 
solution and  the  use  of  animal  charcoal.  Tjie  inoi  her-li-.(uor,  when  further 
concentrated,  yields  crystals  of  pure  urea.  Allautniii  forms  small  but 
most  brilliant  prismatic  crysiais,  which  are  transparent  and  colorless,  des- 
titute of  taste,  and  without  suction  on  vegetable  colors.  It.  dissolves  in  160 
parts  of  eol'l  water,  and  in  a  smaller  quantity  ai  (111-  boiling  heat.  It  is 
decomposed  by  boiling  with  nitric  acid,  and  by  oil  of  vitriol  when  concen- 
trated and  hot,  beiog  in  this  case  resolved  into  ammonia,  carbon  dioxide, 
and  carbon  monoxide.  Heated  with  fioncentrated  solutions  of  caustic  alka- 
lies, it  is  decomposed  into  ammonia  and  oxalic  acid. 

Alloxan,  C,NsHaOi-  —  This  is  tlie  eh  ante  tori  stir;  product  of  the  action 
of  concentrated  nitric  acid  on  uric  acid  in  the  cold.  An  acid  is  prepared 
of  sp.  gr.  about  1-45,  and  placed  in  a  shallow  open  basin :  into  this  a  third 
of  its  weight  of  dry  uric  acid  is  thrown,  by  small  portions,  with  constant 
agitation,"  care  being  taken  that,  the  temperature  never  rises  to  any  con- 
siderable extent.  The  uric  acid  a!  first  dissolves,  with  copious  efferves- 
cence of  carbon  dioxide  and  nitrogen,  and  eventually  the  whole  becomes  a 
mass  of  white,  crystal  ban.  pasty  matter.  This  is  left  to  stand  some  hours, 
drained  from  the  acid  liquid  in  a  funnel  having  its  neck  stopped  with  pow- 
der and  fragments  of  glass,  anil  aficrua  p.l  more  effectually  dried  upon  a 
porous  tile.  This  is  alloxan  in  a  crude  stale  :  it.  is  purified  hy  solution  in  a 
small  quantity  of  water,  and  crystallization. 

Alloxan  crystallizes!  with  facility  from  a  hot  and  concentrated  solution, 
slowly  suffered  to  cool,  in  solid,  bard,  anhydrous  crysuis  of  great  regular- 
ity, which  are  transparent,  nearly  colorless,  have  a  high  degree  of  lustre, 
and  the  figure  of  a  mortified  rhombic  oetohodron.  These  crystals  are 
monohydrated,  consisting  of  04K.,rT.,01.  An..  A  cold  solution,  on  the  other 
hand,  left  to  evaporate  spontaneously,  deposits  large  I'd  Mated,  crystals  con- 
taining 4  molecules  of  water:  thov  effloresce  rapidly  in  the  air.  The 
monohydratc  heated  to  IdlF-IiiiF  C.  (:«)■>-' -  *><P  i'.J  in  a  stream  of  dry  hy- 
drogen gives  off  its  water,  and  leaves  anhydrous  alloxan,  C4H,HsOt.  Al- 
loxan is  very  solublo  in  water:  the  solution  hsis  an  acid  reaction,  a  dis- 
agreeably astringent  tasle,  and  stains  I  he  skin,  after  a  lime,  red  or  purple. 
It  is  decomposed  by  alkalies,  and  both  by  oxidizing  and  deoxidizing 
agents;  its  most  characteristic-  property  is  that  of  forming  a  deep-blue 
Compound  with  a  ferrous  salt  and  an  alkali. 

Alloxanic  Acm,  CjNjIIjOj,  —  The  barium-salt  of  this  acid  is  deposited 
in  small  colorless,  pearly  ervsials.  when  baryta-water  is  added  to  a  solu- 
tion of  alloxan,  healed  to  lili0  0.  (140°  !■'.),  as  long  as  the  precipitate  first 
produced  redissolves,  ami  Ihe  filtered  solution  is  then  left  to  cool.  The 
barium  may  be  separated  !iy  the  caul  ious  addition  of  dilute  sulphuric  acid, 
and  the  filtered  liquid  by  gentle  ev a.p oration  yields  niioxanio  sicid  in  small 
radiated  needles.  It.  has  an  acid  taste  ami  reaction,  decomposes  carbon- 
ates! and  dissolves  zinc  with  discngngemcn!  of  hydrogen.       It  is  a  taibasio 
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acid.  The  alloxanates  of  the  alkali-metals  arc  freely  soluble :  those  of  the 
earth-metals  dissolve  in  a  I  urge  quantity  of  lepid  water;  that  of  silver  is 
quite  insoluble  and  anhydrous. 

Musoxalic  Acid,  CjHjOj, — When  a  warm  snlurated  solution  of  barium 
alloxanate  is  heated  to  ebullition,  a  p  red  pi  hue  falls,  which  is  a  mixture 
of  barium  carbonate,  alioxanare,  ami  mesosalate :  the  solution  i3  found 
to  contain  unaltered  barium  alloxanate  and  urea.  .Mcso-xalio  acid  is  host 
prepared  by  slowly  adding  solution  of  alloxan  to  a  boiling-hot  solution  of 
lend  acetate;  the  heavy  gi  auuhir  pfecipii  ;iio  of  lead  Uiesoxalate  thus  pro- 
duced is  washed  ami  decomposed  l.iy  sulphuretted  hydrogen :  urea  is  also 
formed  in  this  reacliou  (p.  7J5).  Meso.f  alio  add  is  crystallizable :  it  has 
a  sour  taste  and  powerfully  acid  reaction,  and  resists  a  boiling  heat:  it 
forms  sparingly  soluble  salts  with  barium  and  calcium,  and  a  yellowish  in- 
soluble compound  with  silver,  which  is  .reduced  with  effervescence  when 
gently  heated. 

Mycombuo  Acid,  C1K'.1!fJ0!i. — This  acid  is  formed  when  ammonia  in 
excess  is  added  to  a  solution  ol'  alloxan,  the  whole  heated  to  ebullition, 
and  afterward  supersaturated  with  tlilote  .sulphuric  add  :  it  then  separates 
as  a  yellow,  light  precipitate,  which  increases  in  quantity  as  the  liquid 
cools.  It  is  hut  feebly  soluble  i"  water,  easily  dissolved  by  alkalies,  and 
forms  a  yellow  silver-salt.  Its  formation  from  alloxan  and  ammonia  is 
ropreseincil  by  ibe  CLjuaiion  : 

c*NsHA        +        2NHe        =         C4HjH,Oa        -)-         2H80. 

Pakabanic  Acid,  or  Parahan,  OsN,HaO,.  —  This  is  the  characteristic 
product  of  the  set  ion  of  moderately  s!  rung  nitric  acid  on  urie  acid  or  al- 
loxan, oy  the  aid  of  heat : 

<VW>s     +     0,     +    2Ha0    =    CsN2HaOa    +     2C0j    +     2NH3. 

It  is  conveniently  prepared  by  hentint:  toe-other  1  part  of  uric  acid  and  8 
parts  of  nitric  acid  until  the.  reaction  hits  nearly  ceased  ;  the  liquid  is  eva- 
porated to  a  syrupy  state  and  loft  to  eool  :  and  ihe  add  drained  from  the 
mother-liquor    is    purified    by    re-crystallization.      Parabanic    acid   forms 

colorless,  transparent,  thin,  prismatic  crystals,  which  are  permanent  in  the 
air:  it  is  easily  soluble  in  wai  or.  has  a  pure  ami  powerfully  acid  taste,  and 
reddens  litmus  strongly,  [Neutralized  with  ammonia,  and  mixed  with  sil- 
ver nitrate,  it-  gives  a  white  precipitate. 

Oxalukic  Acid,  C9HjN,Ot.  —  The  ammonium-sa^l.  of  this  acid  separates 
in  colorless  noodles,  when  :i  solution  el  parnl.ruiic  s.ehl  saturated  with  am- 
monia is  boiled  for  a  moment,  and  then  left  to  cool.  The  acid  is  obtained 
by  adding  an  excess  of  dilute  sulphuric  acid  to  a  hot  and  strong  solution 
of  the  niumoniimi-salt,  and  cooling  the  whole  rapidly.  It,  forms  a  white, 
crystalline  powder,  of  acid  taste  and  reaction,  capable  of  combining  with 
bases:  the  barium-  and  calcium-salts  are  sparingly  soluble;  the  silver-salt 
crystallizes  from  the  mixed  hot  solution  of  silver  nitrate  and  ammonium 
oxalurate  in  long,  silky  needles.  0 sal  uric  acid  contains  the  elements  of  1 
molecule  of  parabanic  acid  and  1  molecule  of  water.  Its  solution  is  resolved 
by  ebullition  into  free  oxalic  acid  and  oxalate  of  urea. 

Thionurio  Acid,  CjN.HijSO,.  —  This  acid,  which  contains  the  elements 
of  alloxan,  ammonia.' ami  sulnbucous  oxide  (f^.,11,0,  -|  NHS  -f  SO,),  is 
formed,  as  an  aminoniuru-sa.ll,  when  a  cold  solution  of  alloxan  is  mixed 
with  a  saturated  aqueous  solution  of  sulphurous  acid,  in  such  quantity  that 
the  odor  of  the  gas  remains  quite  distinct  :  an  excess  of  ammonium  car- 
bonate mixed  with  a  little  caustic  ammonia,  is    then  added,  and  the  whole 
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boiled  for  a  few  minutes.  On  cooling,  ammonium  ihionuraie  is  deposited  in 
great  abundance,  forming  beautiful,  colorless,  crystalline  plates,  which  "by 
solution  in  water  and  rc-crystalliialion  acquire  a  fine  pink  tint.  A  solu- 
tion of  this  salt  gives  with  lead  aocia.l.o  a.  precipitate  of  insoluble  lead  thio- 
nurate,  which  is  at  first,  white  and  gclalinous,  but  shortly  becomes  dense 
ami  nrystiiiliiiis:  from  this  compound  the  acid  may  he  obtained  by  the  aid 
of  sulphuretted  hydrogen.  It  forms  a  while  erys1.aU.iiie  mass,  permanent 
in  the  air,  very  soluble  in  water,  of  acid  ta.stc  and  reaction,  and  capable 
of  combining  directly  with  bases.  Whan  its  solution  is  heated  to  the  boil- 
ing point,  it  undergoes  decut:; position,  j  i  elding  suljdiuric  acid  and  uramile, 
or  dialurarmde,  C,,N,HeO,: 

C^NjHjSOs    +     HaO     =     SO.H,     +     C4N4H6Or 

Uramile.  — To  prepare  this  substance,  ammonium  Ihionurat.e  is  dissolved 
in  hot  water,  mixed  with  a  small  uxct*a  of  hydrochloric  acid,  and  the  whole 
boiled  in  a  flask:  the  uramile  then  scparules  as  a  white,  crystalline  sub- 
stance, increasing  in  quanl  ily  lill  the  eon  tents  of  the  vessel  often  become 
semi-solid.  After  cooling,  it  is  collected,  en  a  fiber,  washed  with  eold  water 
to  remove  the  sulphuric  acid,  ami  dried  by  gentle  heat,  during  which  it. 
frequently  becomes  pinkish.  It  is  tasteless  ami  nearly  insoluble  in  water, 
but  dissolves  in  ammonia  and  the  fixed  alkalies.  The  ammomacal  solution 
becomes  purple  in  the  air.  It  is  decomposed  by  strong  nitric  acid,  with 
formation  of  alloxan  and  ammonium  nitrate  : 

CArTjO,     +     O    =     C4N,H,04    +    KH„. 
Uramile,  heated  with  aqueous  solution  of  potassium   evanate,  is  converted 
into  pseudv-uric  acid,  C5r..,l  1,.0,  =  C^l-l,/).,  +  CNHO. 

Uramile,  added  to  argentic  or  mercuric-  oxide  susp ended  in  boiling  water, 
is  converted  into  murexide  (p.  7S2). 

At.loxantin,  CgN^HjO,  .  3  Aq.  —  This  substance  is  the  chief  product  of 
the  action  of  hot  dilute  nitric  acid  upon  uric  acid,  and  is  likewise  produced 
by  the  a ct.: en  of  deo^di/ing  agents  upon  alloxan,  anhydrous  alluxaul  in.  in 
fact,  containing  1  atom  of  oxygen  less  llia.li  'J  molecule!'  of  alloxan.  It  is 
best  prepared  by  passing  sulpburotied  hi-orogcn  ..as  through  a  moderately 
strong  and  cold,  solution  of  alloxan.  The  mother-liquor  from  which  the 
crystals  of  alloxan  have  separated  answers  the  purpose  perfectly  well:  it 
is  diluted  with  a  little  water,  and  a  copious  stream  of  gas  transmitted 
through  it.  Sulphur  is  then  deposited  in  large  quantity,  mixed  with  a 
white,  crystalline  .substance,  which  is  the  alloxantin.  The  product  is 
drained  upon  a  filter,  slightly  washed,  and  then  boiled  in  water :  the  fil- 
tered solution  deposits  the  alloxanl  in  on  con '.in;;,  Alloxantiu  forms  small, 
four-sided,  oblique  rhombic  prisms,  colorless  and  transparent;  it  is  soluble 
with  difficulty  in  cold  water,  but  more  freely  at  a  boiling  temperature. 
The  solution  reddens  litmus,  stives  with  baryta -water  a  violet-colored  pre- 
cipitate, which  disappears  on  heating,  and  when  mixed  with  silver  nitrate 
produces  a  black  precipitate  of  metallic  silver.  Heated  with  chlorine  or 
nitric  acid,  it  is  changed  by  oxidation  to  alloxan.  The  crystals  become  red 
when  exposed  to  anunonincal  vapors.  They  contain  8  molecules  of  water, 
which  they  do  no;  give  off  tiU  boated  above  l»3  C.  (302°  f\). 

Alloxantiu  is  readily  decomposed  :  when  a  stream  of  sulphuretted  hydro- 
gen is  passed  through  its  boding  solution,  sulphur  is  deposited  and  dialuriu 
acid  is  produced.  A  hot  saturated  .solution  nf  alloxanllti  mixed  with  a  neu- 
tral salt  of  ammonia  inslantly  assumes  a  purple  color,  which,  however, 
quickly  vanishes,  the  liquid  becoming  turbid  from  the  formation  of  ura- 
mile: the  solution  is  then  found  to  contain  alloxan  and  free  acid.  With 
silver  oxide,  alloxanlin  gives  off  carbon  dioxide,  reduces  a  portion  of  the 


,y  Google 


BARBITURIC    ACID. 


Dialuric  Acid,  C4NaII404. —  This  acid  is  Liu;  final  product  of  the  action 
of  reducing  agents  on  alloxan,  an.l  is  formed  when  sulphuretted  hydrogen 
ia  parsed  through  a.  boiling  solution  of  alloxan  iil!  no  further  action  takes 
place:  CjN.HjOj  ■+-  HSS  =  C,NaH404  +  S.  It  forms  colorless  needles,  re- 
sembling those  of  silloxnniin,  Ii:lh  si  strung  acid  reaction,  and  neutralizes 
acids  completely,  funning  salts  which  are  sparingly  soluble  in  water. 

HedueIlic  Acid,  CaNaH609.  —  Dialuric  acid,  heated  to  about  160°  C. 
(320"  P.),  with  glycerin  (,■,!, i,:|,    acts   merely  as  a  solvent),  splits  up  into 

formic  acid,  carbon  ejoiiiic,  tmil  roc  ainnioiiiinii-siiit  of  htjtbtriUc.  acid: 

5C4NaH404    =    CH,0,    +     3COj    +     2C3N4IIS(NH4)08. 
ISy  convertinc;  this  ammonium-salt  into  a  copper-sali,  ami  deccuipo-in?  the 
latter  with  hydrochloric  add.  bydurilio  acid  is  obtained  in  crystals. 

Hydurilie  acid  is  converted  by  fuming  nitric  acid  into  alloxan,  without 
any  other  product ;  but.  with  nil  vie  acid  of  ordinary  strength  it  yields  al- 
loxan,  togc.i  lie;  with   vinin.'ic  nr.irl,   i:i-:.:'ni,/.:.'i,  and  diltdlrit  aCid:  * 

C8N4H6Og  -J-   N03II  =  C,K,H304    +     CJf3ttfit  +  H20 
Hydurilie  Violurio  Alloxan. 

C9N,HsOe    +    2N03H  =  C,NsHa05    +  C,N,Ha04  +  NOsH  +  HsO. 
Hydurilie  Dilituric  Alloxan, 

acid.  acid. 

Tf  Ihc  aeiion  be  carried  on  to  the  end,  dilituric  acid  is  the  only  proiluct. 
This  acid  may  indeed  be  regarded  sis  a  proiluct.  of  the  oxidation  of  violuric 
acid  :   C4N3H3Os  =r  C,N3H3(>4  +  0 ;   and  violantin  as  a  compound  of  the 


C4N4H6Oe  +  Br6  +  lip  =  l;iN,n,Br,0.1  -f  C.,N.,IJ204  -f  4HBr. 

It  crystallizes  in  cciorloss.  shining  plates,  or  prism?,  belonging  to  the  tri- 
metric  system,  soluble  in  ivaler,  very  sobJ.de  in  alcohol  sind  ether.  By  hy- 
drogen sulphide,  in  presence  of  wjier,  it  is  reduced  in  dialuric  acid: 

C4K,HaBr,0i    +   H^S    +   Ha0   =   C4NjH,04    -f     2IIBr   +   S. 
With  a  small  quaniily  of  i.  ad, -tod'-:,  acid  ii.  yields  hydurilie  acid: 

2C,NJLBr.,03     +    6HI    =    C.N.H.O,     -1-    4HBr     +    81.; 


C4NsH?BrPB     +    4HI     =     C4Sr,H,0,    +    2HBr    -f    21, 
Barbituric  until  evystnl'.i/ns  in  bcaiuifu]    prism*,  containing  two  molecules 
of  water.     It  is  bibusic,  and  yiidds  chiefly  aeid   sails,  which,  are  obtained 
by  i.rcj.Liig  tiii'  corresponding  aeelates  ivilli  barbituric  acid. 

Barbituric  aci.d  is  convened  by  finning  nitric  acid  info,  dilituric  acid,  by 
potassium  nitrate  into  pulas-ium  violurnte.  When  bailed  with  potash  it 
gives  off  ammonia,   and  yields  the  potass! urn- salt  of  malonic  acid,  C3Hp4 


*  For  descriptions  of  tti 
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(p.  661),  whence  it,  appears  lo  have  the  cousiifufion  of  m-.domjl  ntsa,  CN2II2 
(C,HsOjj"0  —  Cjll.,0,   j    CMjIljO  —  2HB0. 

Mukexide,  CSK0H^I0  .  At], ;  Front's  r>irpv:tttU  of  A  in-ninttiti.  —  There  are 
several  methods  of  preparing  rlus  magnilieenl  compound.  It  may  be  made 
directly  from  uric  acid,  by  dissolving  that  substance  in  dilute  nitric  acid, 
evaporating  i.o  ii  certain  point,  and  then  adding  to  the  warm  but  not.  boil- 
ing iiquid  a  very  slight  no:-'  of  ammonia..  In  Ibis  process  aikxaiiiiii  is 
first  produced,  and  is  af'crward  paicinlly  converted  into  alloxan:  the  pres- 
ence of  botli  is  requisite  fur  Iho  production  of  mnrexidc.  This  process 
is,  however,  very  precarious,  and  often  fails  alrogether.  An  excellent 
method  is  to  hoi]  for  a  few  miniitos  in  a  flask  a  misnire  of  1  part  of  dry 
uramile,  1  part  of  rod  osilo  of  mercury,  and  10  puns  of  ivs:i:t,  to  v.hidi 
mo  or  i.lircc  drop*  of  ammonia  have  been  added  :  the  whole  assumes  in  ii 
short  space  of  time  im  inieusoiy  deep  purple  tin;,  and  when  filtered  boil- 
ing hot,  deposits,  on  cooling,  splendid  crystals  of  niurexide,  unmixed  with 
any  impurity.      The  reaction  in  thia  ease  is: 

2C,N3HE0j        +        0        =        CsNBH903        -j-         Ha0. 
Uramile.  Mu  reside. 

A  third,  and  perbuiis  oven  still  bcitor  process,  is  that  of  Dr.  Gregory  :  7 
parts  of  alloxan  and  4  parts  of  alloxauiiu  arc  dissolved  in  240  parts  of  boil- 
ing water,  and  the  solui.iou  is  added  to  about  80  parts  of  cold,  strong  solu- 
tion of  ammonium  carbonate :  the  liquid  insanity  acquires  such  a  depth 
of  color  as  to  become  opaque,  and  gives  on  cooling  a  large  quantity  of 
murexide:    (ho  operation  succeeds  best  on  a  small  scale. 

Murexide*  crystallines  in  smai!  square  prisms,  which  by  reflected  light 
exhibit  a  splendid  green  metallic  lustre,  like  that  of  the  wing-cases  of  the 
rose-beetle  and  oilier  insects:  by  transmitted  light  they  are  deep  purple- 
red.  It  is  soluble  with  dilheulty  in  cold. . water,  much  more  easily  at  (lie 
boiling  heat,  insoluble  in  alcohol  and  ether.  Mineral  acids  decompose  it, 
with  separation  of  a  white  or  yellowish  substance  called  vmrrxtm,  probably 
identical  wirli  uramilo,  and  canst  ic  ui>taslt  dissolve?  it.  with  prod  act  inn  of  a 
most  magnificent  purple  coior,  winch  disappears  v.- lieu  ihe  solution  is  boiled. 

A  few  years  ago,  mm-cxiilc  was  extensively  used  in  dyeing;  it  is  now 
rapidly  being  superseded  by  rosar.iline,  tlic  crimson  derived   from  aniline. 

A  series  of  substances  closely  relai  e;i  io  tiic  deri-vatives  of  uric  acid  will 
be  noticed  under  the  head  of  Caffeine. 


COMPOUND  AMMONIAS  or  AMINES. 
These  names  are  given  to  a  class  of  compounds  derived  from  a 
Mll3,  by  subsiiiuiion  of  alcohol-radicals  for  hydrogen,  these  radicals  being 
cither  monntomio  or  polyatomic  ;  ilie  substation  may  lake  place  in  one, 
two,  or  a  greater  number  of  ammonia  molecules,  thus  giving  rise  to  mona- 
wW,  rliumiriss,  triaminii,  kv.  Moreover,  the  nitrogen  in  these  bases  may- 
be replaced  by  phosphorus,  arsenic,  or  aniimony,  giving  rise  to  phos- 
phincs,  arsines,  ami  si  dunes,  bases  analogous  in  composition  and  properties 
to  tho  amines.  Connected  with  those  las!  mentioned  ba.ses  aro  certain  com- 
pounds of  alcohol- radicals  with  morals  not.  belonging  to  i.be  nitrogen  class. 
The  natural  organic  bnsos,  or  a/i;--!ti,i--k,  tonal  in  plan:s,  and  certain  artifi- 
cial bases  whose  constitution  has  not.  been  very  exactly  made  out,  will  bo 
treated  in  an  appendix  to  the  alcoholic  ammonias. 

*■  So  culled  from  the  Tynan  dye,  said  Lu  have  l.een  pinraicd  irera  a  s;.i:r[t:  of  miux-c,  or 


AMi^ES    l!.l::j.!IV.i;T!    Fli'.lM    Mlj.NATi.1MIC    ALCOHOLS. 

Ammonia,  NH3,  may  give  up  one,  two,  o*  three  trf  Its  hydrogen-atoms,  in 
exchange  for  uuivii.leni  iileiihci-rudiciils  [imjlhyl  and  its  homologues,  for 
example),  producing  priniu.rii,  n,.e.!,T..dui-i!,  and  :.-ru--:^i  nmincs.  If  A,  E,  C, 
denote  three  such  alcohol-radicals.  Iho  amines  foviiu-d  by  substituting  them 
for  hydrogen  in  ammonia  will  be  represented  by  the  general  formula; : 

h|h  h|b  n|b 


Secondary.  Tert: 


(OH,             (CH,  (CH,            fCHa             (CH, 

NJ  CH„        Si  C,H.  IT  J  CH,        NJ  CH.        H  J  0,11, 

U                U  (CH3            Ictf.           |.C6HH 

Diamethyl-      Methyl-  Trhnethyl-     Dimethyl-  Methyl-ethyl- 

amine.       ethylamine.  amine.       ethylamine.    amylamine. 

It  is  clear  that  amines  containing  only  univalent  alcohol-radicals  must  be 
derived  from  only  uic  molecule  of  ammonia :  lor  to  bind  together  two  or 
more  such  molecules  would  require  the    introduction  of  a  polyatomic  radi- 

eal:  thus,  i:J  (CSH4]"    is    a    stable    compound,   but    such    a    compound    as 

„  J  (C2Hs)j  would  split  up  into  two  molecules,  esicfi  con  si  sling  of  N-J  „  !„-  . 

In  other  words,  amines  derived  from  monalomic  alcohols  must  be  mona- 

odor,  haying  an  alkaline  reaction  on  vegetable  colors,  and  uniting  with 
acids  to  form  salts  v.j.icii  are  a(m]o;i;oi!s  in  ■;;■..■  in  position  to  the  ammonium- 
Baits,  and,  like  Hip  latter,  may  be  repirdeil  either  as  compounds  of  ammo- 
nia-molecules  with  adds,  ov  uf  aninu.miurii  molecides  with  halogen  elements 
and  acid  radicals  tin  nitons  thereto  (see  p.  310)  ;  thus: 

NH,  +     HC1        =  NH4.C1  Ammonium  chloride. 

Ammonia. 

=  NH,(CSH6).C1     Ethylammonium  chloride. 


-  NH!;ryi!j..Cl     D.icl.hjlainmoriium  chloride. 
HC1  =  NHfCsH5)3 .  CI       Triethylammonium  chloride. 

HjS04     =   [SltJCJisiJ^O.  Tricthylanmioniuin  sulphate. 
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All  the  salts  of  those  aminos,  w:;en  heato:!  v.IiIl  potash,  give  off  the  amine, 
just  as  amuiimia-sans  give  off  ammonia. 

The  tertiary  aminos  can  unite  with  the  chlorides,  &e,  of  aleohol-radi- 
calH  in  the  same  manner  as  with  acid? :  thus  triethylamiiie,  N(C,Hs)a.  unites 
directly  with  ethyl  ii_n.\ii.le.  <',H.I,  termini?  a  compound  ivliich  may  be  re- 
garded cither  as  iriiU-.i/in-ni'nt  (ih^iiodak,  >i ,. ' '.,] !,,':.  .  C,IJ6I,  or  as  UtrHhyl- 
ammoniura  iodide,  N(C2IIB)(.I.  Now  this  iodide,  when  healed  with  potash, 
does  not  give  off  ammonia  or  a  volatile  ammonia -base  ;  hut  when  heated 
with  silver  oxide  an  J  water,  it  is  converted,  by  exchange  of  iodine  for  hy- 
droxy!, into  a  strongly  alkaline  base,  called  ::\r:-u^i!,::h!:;iinium  hydrate.,  which 
may  be  obtained  in  '.lie  solid  state,  atiil  exhibits  reactions  closely  analogous 
to  those  of  the  fixed  caustic  all.aiios.  lis  formation  is  represented  by  the 
equation : 

N(C2HS),I       +      KOK       =       KI      +      N(C,H6)4(OH). 

Moreover,  this  base  can  exchange  its  hydrexyl  for  oh'orino,  bromine,  and 
other  acid  radicals,  just  like  lioittsli  or  soda,  ('ornjirisr  solid  crystallizablo 
salts  like  tlie  iodide  above  mentioned.  These  coin pounds,  containing  four 
equivalents  of  alcohol-radicals,  are,  in  fact,  analogous  in  every  respect-  to 
ammonium- salts,  excepting  that  the  oerresiinmiin:;  111  nrates  are  capable  of 
existing  in  the  solid  state,  whereas  ammonium  hydrate,  NH4(0 II),  splits 
lip,  as  ROOIl  as  formed,  into  ammonia  and  water.  The  radicals  N(C;fH6)4, 
lie,  correspond m£  to  ammonium,  arc  not  known  in  the  free  state. 

The  nlOnftmines  containing  more  tlutn  one  carbon-atom  are  susceptible 
of  isomeric  modifications  siniila  r  to  I  hare  c:f  the  alcohol.- ;  thus  ethylamine, 
N !!,,.■■(■.,! fBJ,  is  isotneric  with  diiuctlivlaniinc.  .N'Ui'C.JL:..;  propvlaiehto, 
-VI I. .('I'.; II,;,,  is  isomeric  with  methyl-etiiylamim;,  MI:  ni.:irC.,ll:;:  and  with 
trim  ethylamine,  NjCHjlj,  &c,  Sits.,  tin;  number  of  [iossiblo  modifications 
of  course  increasiiiir  wiih  the  complexity  of  the  molecules.  Moreover,  a 
;,  cither  prittiiiry.  -eeotidury,  or  terliary,  may  admit  of  nunliliea- 


tion  in  the  alcohol-riidical   itself;    thus  lite   primary  mtmamine,  KHj(C3fl 
may  exhibit  the  t-v.-o  folio iving  modifications: 

rCH.CH.CH, 
NJ  II 

U 

Propylamine, 

fCHfCH.). 

nJ  h 

u 

ls-p:-i  pylamine. 

An  instance  of  isomerism  of  this  latter  kimi  has  lately  been  observed 
Wurtz  in  amylamine,  NHS(C6H„). 

Amines  may  of  course  be  formulated  on    the  methane  or  marsh-gas  tj 
instead  of  the  ammonia  type,    the  radical    nmidogen,  Nil,,  and   others  i 
rived  from  it,  beiim  subs',.!  lined  for  an  aioin  of  hydrogen ;   thus: 

fH              fH              fCII. 

«i    «5    °5 

fH                   fH 

LrIH(CHa)       (.S(CH,)j 

Methane.      Methyl-        Ethyl- 

Dimethyl-       Trim  ethyl- 

This  mode  of  roproscnlntion  is  eonvetiicut  in  some  cases,  but  the  amines 
and  their  salts  are  so  closely  related  lo  the  ammonia-compounds  in  their 
modes  of  formation  and  transformation,  that  they  are  for  the  most  part 
more  appropriate!  i  represented  by  formula:  derived  from  ammonia,  NIIa, 
and  sal-ammoniac,  NII,C1. 

A  great  number  of  amines  ami  their  salts  hay 

limits  of  this  work  will  not  allow  us  to  describe  a 
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tant  of  those  colli  ■;  in  :;i«  the  i:j  -1 !-:-:.  1  w.  e.  ethyl,  ethyl,  nr-.yl,  and  phenyl, 
describing  them  it  will  be  convenient  to  miikc  a  slight  departure  from  ■ 
natural  order,  find   commence  with  i  ho  ei  i:yl  bases,  which  Lave  been  mi 
completely  studied  than  their  homologu.es. 


BASES  01'  Tin:  trntvi.  ,s|.:i:ii:s'. 

Ethylamine,  or  Ethyl -ammonia,  C21I-N  =  NH4(Cj.Hs).  —  On  digesting 
ethyl  bromide  or  iodide  with  im  altmiioae  solution  of  ammonia,  the  alka- 
line reaction  of  the  ammonia  gradually  disappears  ;  ami  en  evaporating 
the  solution  on  the  waf.pr-bal.li,  a.  white  crystal  lint  ilj;h  is  obtained,  which 
eonaists  chiefly  of  ethyl-ammonium  bromide  or  iodide:  Nlla-(-  <W  = 
NH,(CjHs)L  On  distilling  this  salt-  in  a  retort  provided  with  a  good  con- 
denser, with  caustic  lime,  the  ltii vl.i.iniin*  is  liberated  iind  distils  over: 
ZHHB(0,H()I    +    CaO     =     afTHs{C,H„)     +     H,0     CaL, 

Another  method  of  preparing  this  compound,  and,  indeed,  the  method  by 
which  it  was  first  obtained  by  Wurlz,  consists  in  submitting  ethyl  eyanato 
to  tie  action  of  potassium  hydrate.     Cyanic   acid   t'p.  710),  when  treated 

■'■■'■  ■    I,  dioxide  an' 


with  boiling  solution  of  p.u.asii,  splits   into  carbon  d 
and   ethyl  cyanate   (p.  71 1  j   pallets    a   perfectly  analogous   decomposition, 
yielding  curium  dioxide  and  elhylamine; 
CNHO 
Oji    " 

CN(C2rLJO  +    2KII0        =        K2C03        +        NH2(OsHB) 

Ethyl  eyanato.  Ethylamine. 

Ethyl  oyanurstri,  polymeric  with  t.ho  cyauato,  likewise  givos  off  ethyl- 
amine when  boiled  with  potash.  - 

Ethylamine  ia  a  very  mobile  liquid,  of  sji.  gr.  {HiftCI,  at  8°  C.  (46°  F.), 
boiling  at  19°  C.  (66°  P.).  The  specific  gravity  of  its  vapor  ia  1-57.  It 
has  a  most  powerful  amimi-iiaeni  iiJur.  and  restores  the  blue  color  to  red- 
dened litmus-paper.  It  produces  white  cloud*  with  hydrochloric-  acid,  and 
is  absorbed  by  water  with  grunt,  avidity.  With  acids  it  forms  a  series  of 
neutral  erysttillizable  -til's  perl'ecCy  ntialngiu.s  to  those  of  ammonium. 

Ethylamine  imitates,  moreover,  in  :i  remarkable  manner,  the  deportment 
Of  ammonia  With  metallic  salts.  11  precipitates  the  salts  of  magnesium, 
aluminium,  iron,  m:mi;a:iese,  hismiLi.h,  chromium,  uranium,  tin  lead,  and 
mercury;  zinc-salts  yield  a  white  precipitate,  which  is  soluble'  in  ex'eosa. 
Like  ammonia,  el  by  Ian  line  dissolves  silver  chloride,  and  yields  with  cop- 
per-salts a  blue  precipitate,  which  is  soluble  in  an  excess  of  ethylamine. 
On  adding  ethylamine  lo  oxalic  ether,  a  white  precipitate  of  hielhyl-oxamitk, 
N„(GiO,)"ll,!C,li!ll!,  is  produced:  a  compound  antilogous  to  oxamic  acid 
(p.  050)  has  also  been  obtained.  El  liyhnninc  ntav,  however,  bo  readily 
distinguished  from  ammonia:  its  vapor  is  inflammable,  and  it  produces 
with  pbilinic  chloride,  a  salt,  "XII  ,:<ur,.:C!  I  ,l'n;l„  crvstnllizing  in  golden 
soales,  which  are  rattier  sea. bio  in  'water.  Treated  with  chlorine,  it  yields 
ethyl- ammonium  chloride  and  hkhlori-Undnmhi,-,  NCI  C,ll-,  a  yellow  liquid 
"having  a  penetrating,  Icnr-oxcitina  oiler  When  treated'  with  potash,  it  is 
converted  intn  ammonia,  nmassium  aoelate,  and  potassium  chloride:  NCL 
(G.Hj)  +  8KHO  -  OjHjKOj  -|-  2  KOI    .    NIL,  +  HsO. 

Ethyl-urea.  — On  passing  the  vapor  of  cyanic  acid  into  a  solution  of 
ethylamine,  the  liquid  becomea  hot,  and  deposits,  after  evaporation,  fine 
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crystals    of   ethyl-u 

Tliis  substance,  which  rniij  bo  viewed  as  ordinary  uvea  (p.  ', 
atom  of  hydrogen  replaced  bv  n 1 1 1 v 1 .  l'liav  also  be  propareu  uy  treating 
cyanic  ether  with  ammonia:  (l-NjCjHJO  \  XH3  =  C,II3N20.  Ethyl-urea 
is  very  soluble  in  water  and  alcohol:  the  eniiceiiirated  aqueous  solution, 
unlike  that  of  ordinary  urea,  yields-  no  precipitate  with  nitric  aeid;  but  on 
gently  evaporating  i.be  mixture,  a  very  soluble  crystalline  nitrate  of  ethyl- 
urea  is  obtained.  IS-riili-cl  wil  I.  potash,  ibis  substance  vields  a  mixture  of 
equivalent  quantities  of  ammonia  and  etbytajuioc. :  CJIJN" 0  -J-  2KHO  = 
KaCOj  +  NH3  +  C,H,N. 

Biethylamine,  CJIj.N  =  NH(C2IIs)j.  — A  mixture  of  the  solutions  of 
ethylamine  and  elhy:  bromide,  healed  in  a  scaled  tube  for  several  hours, 
solidifies  to  a  crvstailino  mass  of  biethvl-ammotmim  bromide:  NH,CjH6  -+- 
CjHjBr  =  NHa(C2Hs)jBr.  This  bromide,  distilled  with  potash,  yields 
biethylamine  as  a  cnUirless  lietiid.  still  very  alkaline,  and  soluble  in  water, 
but  less  so  than  ethylamine.  This  compound  boils  al  57'5°  C.  (185°  P.J. 
It  forms  beautifully  crystalU/able  sabs  with  aeids.  A  solution  of  biethyi- 
ammouium  chloride  farms  with  pbitinie  chloride  a  very  soluble  double  salt, 
'SNHjtCjHi^Ol  .  1'lClj,  erysla.iM/.ing  in  orange-red  grams,  very  different 
from  the  orange-yellow  leaves  of  the  corresponding  tihyl-nmmonium  salt. 

BUthyl-urea.  —  liiothylainir.c  behaves,  ivi'h  t-.\  iiiiio  aeid  like  ammonia  and 
ethylamine,  giving  rise  to  bicthvl-iuca.  A  substance  similar  to,  but  not 
identical  with,  the  former,  has  been  produced  bv  the  action  of  cyanic  ether 
upon  ethylamine  :  CJv(C,lls)0  —  (.yi.N  =  C.H^O  =  C[H,(C5Hs),j>/l. 
The  biethyl- ureas  are  very  crys lallhablc,  and  readily  form  ciyslaiiine  ni- 
trates. Boiled  with  potasli,  the  biethvl-uroas  vieh.l,  the  former  1  molecule 
of  biethylamine  and  1  molecule  of  ammonia.  Ci  .ll.:-:t'.,!b VlNaO  +  2KHO  = 
K.CO,  +  MH(CjH6),  +  SH,;  the  latter,  pure  ei  hyiamine,  CfllJC-11,),] 
N.p  +  2KHO  =  K20o3  -!-  ^NHj(CjHs). 

Triethylamine,  C01II6N  —  N(C51IS)3.  —  The  formation  of  this  body  is  per- 
fectly analogous  to  that  of  otbylaiiiine  and  of  biel  hylamine.  On  heating 
for  a  short  time  a  mixture  of  biethylamine  with  ethyl  bromide  in  a  sealed 
glass  tube,  a  beautiful  fibrous  mass  of  triothyl-aitiliionluNi  bromide  is  ob- 
tained, from  which  [he  triethylaiimie  may  be  separated  by  potash.  Tri- 
etliylamine  is  a  colorless,  powerfully  alba, inc.  lopiid.  belling  at  01°  C.  (186° 
P.),  The  salts  of  this  base  crystalline  remarkably  well.  With  platinic 
chloride  it  forms  a  very  soluble  double  salt,  2JN  HfC,lls}aCl .  PtCl„  which 
crystallizes  in  magnificent,  large,  o rati <rc -red  rhombs. 

The  action  of  ethyl  iodide  or  bromide  on  ammonia  gives  rise  to  the  si- 
multaneous formation  of  the  three  elhylatod  bases,  which,  though  differing 
considerably  in  their  boiling  points,  can  scarcely  be  separated  by  fractional 
distillation.  The  separation  succeeds,  however,  by  digesting  the  mixture 
of  these  three  bases  with  anhydrous  ethyl  oxalate.  Ethylamine  is  thus 
converted  into  dielhyloxamine: 

C,0,(CaH,v    +    2HH„(CsHt)    =    2C,H,(OH>    +    NJC,02)"H2(C?Hs)s 
Ethyl  oxalate.  Ethyl-  Alcohol.  Diethyl-oxamido. 

an i.l  dicthylummo  forms  dietbyloxamate: 

C,0,(C,H,),   +    NH(C,H,),  =  C,H6(OH)   +  C.OJTTfC^lJfOCjHJ 
Ethyl  oxalate.  Diethyl-  Alcohol.  Ethylic  diethyluxatuate; 

whereas  triethylamiric  does  not  oombine  with  oxalic  ether.      The  separation 
is  carried  out  in  the  following  manner  : 

On  distilling  tho  product  of  the  reaction  of  ethyl  oxalate  upon  the  mix- 
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ture  of  ethyl  bases  in  the  water-bath,  pure  tricthylamine  pusses  over;  and 
on  treating  the  residue  with  boiling  water,  djeiiiylo^imido  is  dissolved, 
while  ethyl  diethylo^a.mate  remains  as  an  insoluble  layer  floating  upon  the 
hot  so  Union  :  it  may  bo  separated  by  a  (iifi-l'uinu'i.  Idothyloxamide  treated 
with  potash  yields  [jure  eihylaiiiiue.  while-  pure  dioihylamine  is  obtained 
by  treating  cthylio  diethyloxnmitto  with  the  same  reagent. 

Tetrethyl-ammonium  Hydrate,  CsIi„,XO  =r  K(C2H3)4(OH).  —When  anhy- 
drous triethylamine  is  mixed  with  dry  ethyl  iodide,  a  powerful  reaction 
ensues,  the  mixture  enters  into  cbvtdiikits.  and  siiiidifits  on  tooling  to  a 
white  crystalline  mass  of  tetrothyl-amuionium  iodide;  S(C2IJs)a  +  CjH^I 
=  N(CjHE),l,  This  iodide  is  rCitiiily  soiublc  in  hot  water,  from  which  it 
crystallizes  on  cooling  in  Ueauiifu)  crystals  of  considerable  size.  This  sub- 
stance is  not  decomposed  by  pota-li  :  it  may  be  boded  with  the  alliali  for 
hours  without  yielding  a  trace  of  volatile  base.  The  iodine  may,  however, 
be  readily  removed  by  treating  (.lie  solution  with  silver-salts.  If  in  this 
case  silver  sulphate  or  nitrate  be  used,  we  obtain,  together  with  silver 
iodide,  the  sulphate  or  nil  rate  of  telrcihyl-ai-imunium,  which  crystallises  on 
evaporation:  on  the  other  hand,  if  the  iodide  be  treated  with  freshly  pre- 
cipitated silver  oxide,  the  hydrate  of  telrctliyi-aioiiionium  itself  is  sepa- 
rated. On  filtering  off  the  silver  precipitate,  a  clear  colorless  liquid  is  ob- 
tained, which  contains  the  isolated  base  in  dilution.  Tt  has  a  strongly  alka- 
line reaction,  and  intensely  bitter  taste.  The  .solution  of  tetrethyl-ammo- 
niurn  hydrate  has  a.  remarkable  analogy  to  potash  and  soda.  Like  these 
substances,  it  destroys  I  he  e  eider  in-  a  el  --.-i  i,:ui:  lies  la  My  substances,  with 
formation  of  true  soaps.  With  nieiidlic  salts  it  exhibits  exactly  the  same 
reactions  as  potash.  On.  evaporating  n  suiul  ion  of  the  base  in  a  vacuum, 
long  sHooler  needles  are  deposited,  which  are  evidently  the  hydrate  with 
all  additional  amount  of  orysialliza.tion  water.  Ai'ier  some  time  these  nee- 
dles disappear  again,  and  a  scuii-solid  mass  is  left,  which  is'  the  hydrate 
of  tetrethyl-ammonium.  A.  concentrated  solution  of  this  substance  in 
water  may  be  boiled  without  decomposition,  bid  on  heating  the  dry  sub- 
stance, it  is  decomposed  into  pure  iriel  hyhunine,  water,  and  olefiant  gas: 
N(CjH5),(OII)       =      1I20      -j-      a(C2H-)3      +       CjH4. 

Tetrethyl-ammonium  hydrate  forms  neutral  salts  with  acids.  Tbese  salts 
are  mostly  very  soluble  ;  several  yield  beautiful  crystals.  The  platinum- 
salt,  i!XjC2IIr))jCS  .  1'iCl,,  forms  orange-yellow  oeiohedrons,  which  are  about 
as  soluble  a-  the  corresponding  poinssiu-plat.inic  salt. 


BASES  On'  'Mir  it  ETHYL  SERtKS. 
Methylamine,  CH5N=KIIii(CH!).  —  The  formation  and  the  method  of  pre- 
paring this  compnnii:!  from  in  ethyl  cyauaie  are  perfectly  analogous  to  those 
of  othyluniine  (p.  73a):  however,  methyh'.iuino  being  :i  gas  at.  the  common 
temperature,  it  is  necessary  to  cool  the  receiver  by  a  freezing  mixture. 
The  distillate,  which  is  an  a-picous  solution  of  methylamine,  is  saturated 
with  hydrochloric  acid,  and  evaporated  to  dryness.  A  crystalline  residue 
is  thus  obtained,  eousisiing  of  methylammonium  chloride,  and  this,  when 
distilled  with  dry  lime,  yields  moi.bylaiuitie  pis,  which,  like  ammonia  gas, 
must  be  collected  over  mercury.  It  is  distinguished  fro:;)  ammonia  by  a 
slightly  fishy  odor,  ami  by  the  faeilily  with  winch  it  horns,  Methylamine 
is  liquefied  at  about  — 18=  :  its  sp.  gr.  is  1-OH.  This  substance  is  lite  most 
soluble  of  all  gases ;   at  12°  C.  (W  !■'.),  one  volume  of  water  absorbs  1010 
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volumes  of  the  gas.  It  is  likewise  very  readily  ai.ioirbod  ljy  charcoal.  In 
its  eheinjcal  deportment  wk'n  acids  ami  o;iii;r  substances,  mcthylamine 
resi.mblcs  in  every  respcor  ammonia,  mid  eihybn-ine.  rdetltylamiiie  ap- 
pears to  lie  produced  in  a  great  number  of  processes  of  instructive  distilla- 
tion :  il  has  been  i'uniii'ii  by  di^riljnif  nevoid  of  the  mil  ural  urgatiiu  bases, 
such  as  codeine,  mo.rfjhiin.'.  ea  Heine.  ;ind  severnl  others,  with  caustic  potash; 
frequently  a  mixture  of  several  bases  is  produced  in  this  manner. 

Among  the  numerous  derivatives  already  obtained  with  this  substance, 
methyl-wea,  CI-I3«.'H.,:.N.,(),  baiu:<}:u(-ur,-,i,  Cll.,iCH  .)„M.,0.  and  melhyl-Hhyl- 
urea,  CH,(CHjl(C.,[.[-j>',0,  may  be  men  tinned.  "The"latier  substance  has  been 
produced  by  tie  actum  of  ethyl  cyanate  upon  metbylauiine.  A  series  of 
platinum -bases,  analogous  to  those  produced  by  the  action  of  ammonia 
upon  platitious  chloride  (p.  426),  have  likewise  been  obtained  with  methyl- 

BimethylaminQ,  ('.IIjN-^NHiCIIjJj.-—  This  compound,  isomeric  with  ethyl- 
amine,  is  prepared  by  i  lie  aciiou  r>l"  ammonia  c.-ti  methyl  iodide.  Its  sepa- 
ration from  the  meth  vlainine  and  n'i tiiyluiisine  simultaneously  formed,  is 

aoeomplishcd  by  means  of  oxalic  other  (p.  735). 

Trimethylamine,  <-',tl,,N  — ■  Xq'CH.J.,. —  This  sub-lance  is  readily  obtained 

in  ,1  si-ail'  of  pcil'ec:  purity,  by  «;iliiiiiTLiii<r  n-tr.'iniothyl-amiiiniiium  liyd.ratu 
to  the  action  ol"  heal.  T1  in  gaseous  ai  the  comniou  leriiponttut'c.  Inn  lique- 
fies at  about  WlD  C.  (194°  I1'.),  lo  a  mobile  liquid  of  very  powerfully  alkaline 
reaction.  Trimdhylamiiio'pruduees  very  soluble  sail--  with  acids.  The 
platinum -salt,  2NH(CHS)3C1  .  L'tCl4,  is  likewise  very  soluble,  and  crystallines 
in  splendid  orange-red  ociohodrons.  Aecnraiu<i-  to  Mr.  W inkles,  large  quan- 
tities of  trimethylnmine  are  found  in  '.be  liquur  in  which  salt  herrings  are 


TeWamethyl-ammoninm  Hydrate,  C.II^tCO  =  N(ClI.q)..(OH).— The  corre- 
sponding iodide  irmv  be  obtained  Siv  adding  niclhyi  iodine  to  trimethylamine. 
The  two  substance's  unite  ivir.li  a'.sort  of  explosion.  The  same  iodide  is 
prepared,  however,  with  leu-  difficulty,  si;:. ply  by  digesting  methyl  iodide 
with  an  alcoholic  solution  of  ammonia.     In  (his  reaction  a  mixture  of  the 

iodides  of  ammonium,  methyl  :n jnmm,  bimethyi -ammonium,   trimethyl- 

ammonium,  and  tetram ethyl- ammonium  is  produced.  The  first  and  last 
compounds  are  formed  in  bn-ftest  quantity,  and  may  be  separated  by  crys- 
tallization, the  iodine  of  Ictriimeliiyl-iii on; um  being  but  sparingly  soluble 

in  water.  From  the  iodide  the  base  itself  is  separated  by  means  of  silver 
oxide.  Its  properties  are  similar  to  those  of  the  corresponding  ethyl-com- 
pound. It  differs,  however,  front  fcirelhyl  iimriiniiinni  hydrate  in  its  be- 
havior  when  heated  (p.  7:t7'i,  yielding  tvimetbvlaniine  and  pure  methyl 
alcohol,  H(CH,)JOir=K((.!tril)3  :  CHs(OH). 


bases  or  'tin;  anvi,  sukies. 

The  formation  of  these  bo-lies  being  perfectly  analogous  to  that  of  the 
corresponding  terms  in  the  ethyl  series,  we  refer  to  the  fuller  statement 
given  on- page  TSft,  and  confine  ourselves  to  a  brief  description  of  their 
principal  properties. 

Amylamine,  C.IJ,3N  ...  NI-Ia(r5Ut1').  is  a  colorless  lieu  hi  of  peculiar,  pene- 
trating, aromatic  odor,  slightly  soluble  in  water,  to  which  it  imparts  a 
Strong  alkaline  reaction.  With  the  acids  ilfoi-ms  crystalline  salts,  which 
have  a  fatty  lustre.     Amylamine  boils  at.  So°  C.  (138°  F.). 

An  aiitii('ii<tii>t..-Ui'Si  has  been  prepared. 
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(338°  F.). 

Triamylamine,  (^-ir.j.N  r=  Ki'('.HT1'i3. — A  colorless  liquid,  of  properties 
si  mi  liir  to  Ihc.-oofiiie'T-.vo  iirecediii!/ bases.  Imr.  boiling  at  l>o7°  G.  (!*".°  FA' 
The  sails  nf  i i-isi riiylsinii jits  arc  very  sparingly  soluble-  in  water,  and  fuse, 
when  healed,  1.0  coIoi-Ilwh  liquids,  floating  upon  water. 

Tetramyl-ammoaium  Hydrate,  C^H^NO  =  N{C,Hu}4OH.  —  This  sub- 
stance is  far  less  soluble  than  the  ci;ni:spou:iiug  1  ■»  =■  ■  —  ■_-:-=  uf  the  methyl  and 
ethyl  series,  and  separates  as  an.  oily  lay  it  ou  milling  potash  to  the  aque- 
ous solution.  On  evapo  rutin;!- 1  he  solution  Lu  an  ulniosphere  free  from  car- 
bonic acid,  the  alkali  may  In:  obtained  in  sulcudid  crystals  of  considerable 
size.    When  submitted  i  it  ■  ]  i .-# I  Lli jl-1  :oii,  it  sijlils  into  water,  triamylamine,  and 

N(C»Hu)4OH       =       H,0       +        N(C^u)i       +        C*Hw 

In  addition  to  the  eus-cs  already  enumerate;!.  I  lie  I'o'lmving  have  been  ob- 
tained by  analogous  processes,  viz.,  U'enliucnl.  of  ill"  iodides  of  the  corre- 
sponding alcohol-radicals  with  ammonia :  propylamine,  Cair9N,  hexal- 
amine,  C6H,5N,  heptjlamine,  C.H1TN,  ootvluiuihe,  t;aU,,\.  and  nouylamine, 
C.HjaS. 


EASTS  01'  i'Lli:  AROMATIC  SliiilES. 
In  spea.liiug  of  the  aromatic  hydrocarbons,  we  have  explained  that  each 
of  the  hydrocarbons  ho lupous  with  ben/.eno  may  be  regarded  as  a  com- 
pound of  phenyl  with  one  or  more  alfloho]  radioale  of  the  methyl  series. 
and  may  give  rite  to  two  series  of  derivatives,  accordingly  as  the  hydro- 
gen in  the  phenyl  or  in  the  ak-obol  radical  is  replaced  :  thus  from  toluene 
or  methyl -phenyl,  C,H,.CH,  are  derived  chlorornhicne.  C„H  Cl.CH,,  iso- 
meric with  benzyl  cldoii.U:,  U51IS  .  CIU'1,  -ami  orcsol.  C6U4OH  .  CH3,  iso- 
meric with  benzyl  alcohol,  ("0lffi .  C1I/UI.  Much  of  these  hydrocarbons 
can  in  like  manner  yield  bra  isomeric  base-,  aeeuvuinu'-y  us  an  atom  of  hy- 
drogen in  one  part  or  the  other  of  its  molecule,  is  replaced  by  aniidogen, 
NHS:  thus  from  toluene  are  'le lived  two  bases  containing  0,liBN,  viz. : 
CaH4(NH„) .  CH,  C,Ht.  CH^NH, 

Toluidino.  Benzyl  amine. 

The  second  of  these,  beii/ybi.miiio,  is  fi-iipi-lnii-inis  in  its  mode  of  formation, 
;iii(l  all  its  pviocipal  characters,  to  the  bases  ol  the  mctuyl  series,  and  may 
be  represented  by  Ilie  formula  Ml,j(',]l.j,  derived  from  ammonia  by  sub- 
stitution of  the  univalent,  radical,  benzyl,  <"71!-.  for  hydrogen.  But  tolu- 
idine  is  formed  in  a  ill  lie  re  nr  in  ami  or,  \:.i...  by  the  a  c  lion  of  reducing  agents 
on  nitrotoluene,  and  differs  in  its  chemical  relations  from  benzylamitio, 
much  in  the  same  manner  as  cresol  from  benzyl  alcohol,  being  altogether  a 
less  active  substance. 

Xylidine,  CaH„H  =  C6H,{NIIS)  .  (CII.,Y,  :  eumidine,  C0II,aN  =  CfH4 
(NH,).  OjII,,  and  cymidine,  l!1()]f15iS",  bases  homologous  with  toluidino,  are 
obtained  in  like  manner  from  the  nit.ro-, levivatives  of  the  corresponding 
hydrocarbons.  The  corresponding  bases  homologous  with  benzylamins 
have  tm  yet.  been  obtained. 

Aniline,  C6H,N.  — There  is  but  rum.  aromatic  mona.:nine  containing  ai't 
atoms  of  carbon,  vu.,  aniline,  C6I1,!N  ;  and  this  may  be  regarded  indiffer- 
ently, either  as  uiiiidohiitici;?,  t'JI./Mi.j,   or  as  pLrp'ih::uine,   N-j  ,,'*.,  ,  that 
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is  to  say,  as  a  lower  iiotvologue  cither  of  ioluidlne  or  benzyiamine.  Tho 
two  formulae  jus!  given  arc  in  fact,  iilf.'nt iosil ;  and  moreover  aniline,  both 
in  its  modes  of  formation  am!  in  its  properties,  exhibits  resemblances,  on 
the  one  hand  to  ioliiidiuo  und  its  homologies,  and  on  the  other  to  bcmyl- 
amine  and  the  in  on  a  mines  of  the  methyls  series. 

Aniline  is  produced:    1.  By  heating  phenol  with  ammonia  in  sealed  tubes: 

C„H6(OII)         +        Nil,        =         HaO        +         KH2(C6H5). 

>bide  and  other  reducing  agents  on  nitro- 

CjII^NOs)     +     3HSS     =     211,0     +     S,     +     C6H5(NHa). 

The  first  of  these  : 
the  second,  its  re 
upon  indigo_; 

CaHBNO    +    4KH0    -f    Bfi    =    C6H,N   =    2C03K,   +    2Ha. 
Indigo.  Aniline. 

The  name  aniline  indicates  t ho  vnln.tii.in  fit'  [his  compound  to  the  indigo 
group,  the  botanical  name  of  the  indigo- pi  ant.  beinr;  lailiynfera  anil. 

I'rcparatmn.  —  \.  From  indigo.  —  rowdercd  indigo  boiled  with  a  highly 
concentrated  solution  of  potassium  hydrate  dissolves,  with  evolution  of  hy- 
drogen, to  a,  brownish -red  liquid  cent  inning  antlirunilic  acid.  If  this  mat- 
ter be  transferred  to  a  retort,  mid  fit  111  further  hrated,  it  swells  up  and  gives 
off  aniline,  which  condenses  in  the  form  of  oily  drops  in  the  neck  of  the 
'  *n  the  receiver.     Separated  1'roni  tin;  animoniaenl  water  by  which 


it  is  accompanied,  and  redistilled,  it  is  obtained  nearly 

2.  In  order  to  prepare  aniline  from  uitielicn/ono  isee  p.  495),  this  sub- 
stance is  submitted  to  a  process  discovered  by  Ziniu,  which  has  proved  a 
very  abundant  source  of  artificial  organic  buses  An  alcoholic  solution  of 
nitrobenzene  is  treat. -.d  with  ammonia  and  -'.uphureticd  hydrogen,  until  after 
Some  hours  a  precipitation  nf  sulphur  takes  place.  The  brown  liquid  is 
now  again  saturated  ivith  sulphuretted  hj  drogon.  and  the  process  repeated 
until  sulphur  is  no  longer  separated.  The  reaction  maybe  remarkably 
accelerated  by  occasionally  heating  or  distilling  the  mixture.  The  liquid 
is  then  mixed  with  excess  of  acid,  filtered,  boiicd  to  expel  alcohol  and  un- 
altered nitrobenzene,  and   then  distilled  with  excess  of  caustic  |i clash. 

If  the  aniline  be  required  finite  pure,  it  must  he  converted  into  oxalate, 
the  salt  several  times  crystalled  front  alcohol,  and  ajrain  decomposed  by 
potash.    . 

Be'ehamp  has  shown  that  the  reduction  of  nitrobenzene  may  be  effected 
even  more  conveniently  by  the  tie  it  an  (if  f  erratic  acetate  The  distillation  of 
one  part  of  nitrobenzene,  one  part  of  acetic  acid,  and  one  and  a  half  part 
of  iron  filings,  socms,  in  fact,  to  be  the  besl  process  for  preparing  aniline.*1 
The  mass  swells  violently,  and  very  capacious  retorts  arc  required. 

Aniline  exists  among  fhe  products  of  the  distillation  of  coal,  and  probably 
of  other  organic  matters  :  it  is  formed  in  the  distillation  of  anthranilic  acid, 
and  occasionally  in  other  reactions- 
Aniline,  when  pure,  forms  a  thin,  oily,  C'llor'.ess  liquid,  uf  faint  vinous 
odor,  and  aromatic,  hurtling  iastc.  It  is  very  volatile,  but  has,  neverthe- 
less^ high  boiling  point  [1Si=C.  f-fiO°  F.V..  1„  Hie  air  if  gradually  becomes 
yellow  or  brown,  and  acquires  ti  resinous  consistence.  Its  density  is  1-028. 
Water  dissolves  aniline  to  a  certain  extent,  and  also  forms  with  it  a  kind  of 
hydrate:   alcohol  and  ether  are  misciblo  wii.li   it  in  all  proportions.      It  is 
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destitute  of  alkaline  reaction  to  test-paper,  l™t  Is  quite  remarkable  for  the 
uutaner  ana  beamy  of  the  oryslnili/.able  compounds  which  il  form*  with 
acids.  Two  extraordinary  reliction*  chuincteri/c  thi*  body  and  distinguish. 
il  from  ail  others, —  vi/..,  t l_i;if  wii.li  chromic  acid,  and  that  ivii.h  solution  of 
eaicium  uypocbloiile.  The  former  gives  iviiJi  aniline  a  deep-greenish  or 
l.iliiish-blac!i  urocipitate.  and  the  Utter  all  ex  I  romely  boa  lirif'u  I  viol  el -colored 
compound,  tin:  fine  lint,  of  which  is,  however,  very  issn  destroyed.  When 
nitrous  acid  is  passed  into  aniline,  oi'  ivlion  aniline  i:  11! riichlovide  is  treated 
with  silver  nitrate,  water  and  phenol  are  produced,  and  nitrogen  in  evolved; 

CaB,N  +  NOsH  =  C6H60  +  H20  +  N, 
On  the  other  hand,  when  nitrons  aoid  is  passed  I  h rough  an  aleoholio  solu- 
tion of  aniline,  2  molecules  of  anilini:  are  linked  together,  3  atoms  of  the 
hydrogen  being  replaced  by  I  atom  of  nitrogen.  Aiodiphonyldiamine,  the 
substance  thus  produced,  contains  C,aHurJ3.  The  following  equation  re- 
presents its  formation : 

2CBH,N        +        NO,H         =         CMHnN,        +        2H.O. 
By  treatment  of  a.-/.o.li  phony  Id  ia.minc  with    nitron*  acid,  the  same  change  ia 
repeated  once  more,  three   additional   atonic   of  hydrogen    being  again  re- 
placed by  one  of  nitrogen,  ivhereoy  a   new  substance.  C,jIIeN4,  is  formed 
according  to  the  equation: 

f[sHuN3        -|-        JTO,H        =        C„HaN<        -f         2H,0. 

This  body  is  remarkable  for  the  violence  with  which,  like  fulminate  of 
silver,  it  explodes.  Grics*.  who  discovered  I  nose  substances,  has  succeeded 
in  obtaining  similar  Commnnds  front  several  criers  of  the  basic  derivatives 
of  aniline, 

Paraniline.  — In  the  uiniiufacfnre  of  aniline  upon  a  large  scale,  Several 
ha.-es,  having  niaidi  higher  ladling  points  Mian  aniline,  are  formed  :  among 
them  there  is  a  beani  [full y  crysia'liitc  compound  oabed  para  iiiliiie.  polv- 
merio  with  aniline  and  represented  by  the  formula  C,,I[„N,  =  2C.II.N. 
It  forms  two  series  of  salt*,  of  which  Hie  hydrochlorides,  C,sH14Nj.  HC1  and 
CttHMN3.  2HC1,  may  be.  quoted  as  examples. 


SubsUti'Mnn-prr-fkiriit  of  AitUiitr. 

Under  the  head  of  indigo,  a  product  of  oxidation  of  this  substance  will 
be  noticed,  to  which  (lie  name  isnO.ii.  ho-s  been  given.  When  isatin  is  dis- 
1 1  Hod  with  a  n  exceedingly  concentrated  sola;  ion  o'.'  caustic  pmasli.  it  is.  like 
indigo,  resolved  into  aniline,  carbon  dioxide,  and  free  hydrogen.  In  like 
manner,  chloriiatiii.  and  t/<~:!<!oiixnii.u,  simi'arly  treated,  yield  products  anal- 
ogous to  aniline,  but  containing;  one  or  (ivo  a.loms  of  chlorine  respectively 
in  tho  place  of  hydrogen.  The  clitormiiiiii'i.  t',,.ill(i('l>;,  ami  tlirfdoretnilm,; 
C6HsCljN,  thus  produced,  cannot,  however,  be  obtained  by  Hie  direct  action 
of  chlorine  upon  aniline,  thus  differing  from  ordinary  substitution-com- 
pounds; but  aniline  may  bo  reproduced  from  tlicm  by  the  same  reagent 
that  is  capable  of  reconverting  ciilnvaeetie  acid  into  ordinary  acetic  acid  — 
namely,  an  amalgam  of  potassium  or  sodium  [see  p.  618).  They  are  the 
first  cases  on  record  of  organic  bases  ootilaioiuj;  chlorine. 

Chloraniline  forms  large,  colorless  ooiohedrons,  having  exactly  the  odor 
and  taste  of  aniline,  \^\-y  volatile,  and  easily  fusible  :  it.  distils  without  de- 
Composition  at  a  high  Ictnperaturc,  ami  burns,  when  strongly  heated,  with 
a  red  smoky  tlainc  with  greenish  bonier.  fi.  is  heavier  than  water,  in- 
different to  vegetable  colors,  and,  except,  in  being  solid  at.  common  tempera- 
'ine  ia  the   closest  manner.      It  forms  n 
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beautiful  cry  stall  iz  able  salts.  If  aniline  lie  treated  with  chlorine  gas,  the 
action  goes  further,  irichlonuuHn-:,  Ccn,l.'l;1N,  being  produced,  a  volatile 
crystalline  body  which  1ms  w  Looker  any  lmsie  properties.  The  corre- 
sponding bromine  compounds  have  iU^(.  been  formed  and  described. 

Nitraniline,  C0Hsi'XO.,iX.  —  This  compound  is  focmed  by  the  action  of 
ammonium  sulphide  crdinitrobeiiMnc,  tyi^jM),),  ,;';,.  JSJo).  l'he  attempts 
to  prepare  it  directly  from  anl'inc  by  means  ui'  nitric  acid  wore  unsuccess- 
ful, the  principal  product  bcins;  tisi.iti.il v  picric  acid.  It  forms  yellow, 
aeieular  crystals,  but.  liHlc  so-ubio  in  cold  water,  alihoiiali  easily  dissolved 
by  alcohol  and  ether.  When  warmed  il.  exhales  an  aromatic  odor,  and 
melts.  At  a  higher  temperature  it  distils  unoh  ait  tied.  ]>y  very  gentle  heat 
it  maybe  sublimed  without,  fusion.  It  is  li.euvier  than  water,  does  not 
affect  test-paper,  anil  like  ohlor-  and  brom-aniline  fails  to  give  with  cal- 
cium hypochlorite  the  characieristio  reaction  of  the  normal  compound. 
Nitraniline  forms  crystallb.abie  salts,  of  which  the  liydrochloride  is  the 
best  known. 

lJi}>iiJ!iiul'.tii\vic.  JiIi(('',.II5'i,,,  is  produced  by  the  dir-i i ll:i tion  of  triphenyl- 
rosaniline  (aniline  blue  J.  Ti  is  a  crystalline  body,  melting  at  45°  C.  (113°  F.) 
to  a  yellow  oil,  which  boils  constantly  at  olfr~e.  (d'JIi0  l'V ).  A  substance 
possessing  the  composition  of  irqA,niili::>u»!,  l']5i[15N,  but.  probably  not  con- 
nected with  the  phony  1  series,  is  formed  by  submii  lina  the  compound  pro- 
duced by  the  action  of  cinnamic  aldehyde  upon  nniuioniuta  sulphite  to  de- 
structive distillation,  together  wiih  an  excess  of  lime. 

CyiuMnilim  is  formed  by  the  notion  of  cyanogen  upon  aniline  :  it  is  a 
crystalline  substance  ea pubic  of  combining  with  acids  like  aniline,  but  very 
prone  to  decomposition.  It  contains  CMH^N,  =  (CBH,N)., .  Cys,  and  is 
ttit'i'ei'ore  :l  compound  of  cyanogen   with   aniline,  not    a    substilulioit  deri- 

Derivatives  of  Air- .'.■■■  '■■■■  ■■■'.■■ ■■'.':.■■.■  Aleo)   ?  'adicatt  -  -Bj  t  resting  aniline  with 

iodide  or  bromide  of  methyl,  ethyl,  Sc,  in  diderent  proportions,  bases  are 
obtained  in  which  the  hvdt-'.'Ceu  ul'  the  aniline  is  more  or  less  replaced  by 
il  radicals.      J  <  tU         U ,  il  HftUi-iUyi,/),  tue.l  Lifihii- 

,::;.y.-,,...  \r.  1 1 . -...iTJ  I .  , .  a  r  u  li  i  ;  il  id  ;■  ST  c !:  i !  v  r  ■;■  s  etc  a '  i  n  ii  aui'.ine  :  (lie  former 
boils  at  204=0.  (y,'.!<ic  I'.;;  the  laker  nl  ZV.l-fS  C.  f-lHi0  F.).  Ethylaniline 
treated  with  amvl  iodide  vieius  the  ^,v/",-;V.  ,/',,,>  of  rt/.-'i'-twii/l-tiniliui:,  r,"(C,M;) 
(CBH„)(C,H5) .  Ill,  or  k.d,d,-.  of  l!fW--:>™!/h'!'?'>i/i""''!"'>"i<m-  ^n'(C,H5)!C-Iln) 
(CUfjI,  from  which  the  eilivl-aiovl-aniiiuc  mov  be  separated  by  distilla- 
tion with  potash.  It  is  an  aromatic  oi!  boilini:  at  WSJ  C.  (504°  F.J.  When 
treated  with  methyl  iodide,  it   is  converted  inlo  iiiU'Je   nj   vidhjil-clhyl-iimyl- 


p/iem/lummomum.  Nf'Clb,  VCJ1,::  <','<'  M  i.  t'6U,:l.  front  which  the  correspond- 
ing hydrate,  NfCll.(;i('Ji,V'  ,11 ,,  i:.ftfh-„;  ■  "It,  may  be  obtained  by'—' 
mciit  with  silver  oxide  and  water.      This   hydrate  is  very  soluble  in  ■ 


powerfully  alkaline,  and  has  an  extremely  bitter  to 

Many  other  subsiilni  ion-derivut  ive.s  of  aniline  may  be  obtained  in  a  sitni- 

Toluiaine,  C,H9N,  or  Amid o toluene,  C,II,(NH,)  ■  ;  O.H.(HHa) .  CH„.— Thia 

base  is  bomola'gous  with  auiliu'',  anil  is  obtained,  similarly  to  the  hitter,  by 
the  action  of  hydrogen  sulphide  or  ferrous  acetate  on  nit  cot  olueue,CTH,{SOj). 
It  forms  colorless  phiry  crystals,  very  sparingly  soluble  in  water,  easily 
in  alcohol,  ether,  and  oils  :  ir  is  heavier  than  water,  has  an  aromatic  taste 
and  odor,  and  a  very  feehle  alkaline  reaction.  At.  40°  C.  (104°  F.)  it  melts, 
and  at  20">°  -20(1"  ("."iMO^  I'M,  boils  and  uistils  unchanged.  It.  .firms  v.ell- 
erystallined  salts,  but'is  nevertheless  a  weak  base,  and,  according  to  Wanklyn, 
is  absolutely  incapable  at'  ueiurali/ina;  dilttio  suiphuric  acid.  It  forms  sub- 
stitution-derivatives similar  to  those  of  aniline:  those  containing  methyl 
and  its  hotuoloirues  are  more  list  sic  i  ban  toluidine  itself. 
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triben/ylamine,  K!'i.',iUs.  by  Urn  aclion  of  nlcou.....u  u^uuuum  ™  uoi.iji 
chloride,  C3H5.  CIJ.,01  ;'|.i.  ■il'li),  the  mode  of  formation  of  those  bases  being 
exactly  analogous  to   that  of  methylamine  and  its  lioiuologues,  and  alto- 

in-tliov  dilTeivm  from  tbu-r.  of  toluidine. 

Bonzylnmine  is  a  colorless  liquid,  boiling  at  1P2°--IP3°  C.  (360°  F.)  (23° 
C.  (73°  F.)  lower  than  toluidine).  It  mixes  in  all  proportions  with  water, 
and  is  separated  therefrom  by  potash.  It  is  a  much  stronger  base  than 
toluiilino;  absorbs  ourbon  dioxide  rapidly,  forming  si  crystalline  ciirhonale; 
unites  rcioliiy  with  other  fioiiii'.  producing  rise  of  tempera!  urc  :  si  ml  fumes 
ffith  hydroclilorio  acid.      Tlic  hydrochloride  crystallizes  in  striated  tables; 


the  pbitinoohloride,  -Nil  id 7II,;C1  .  1 ' c f ' 1 1,  in  ovatijrc-colored  In 

Xylidine,  C.HnN  =  (UI^'MI,)  .  (<-'!!,).,.  Cunwiin',  'V1!'.^  Ur  F™»u,j 
Cc[I/N!l.,i  .  r:3lf;.  find  r/,,,iV„.lf.'f!|,i]ilsl'(ir  Cj.JI,,;  \  II.  i.  lionioiofTous  with 
toluidine,  are  obtained  in  liko  iiiimnui'  bi  reduction  of  the  corresponding 
nitre-derivatives.  Xvlidino  boils  at  214'-'  -2HV:  tl.  (417^-1^0°  1<\) ;  eumidine 
:i.l.  22.V!C:.  (4:37u  F.);  'eymhUne.  ».im>°  O.  (-I&i°  [■'.).  Xylid.no  ami  cumidino 
form  well-  cry  stall!  t  ed  salte. 

The  isomers  of  these  three  bases,  homologm;«  with  bcnyylainiiio,  have 
not  yet.  been  obtained. 

Haphthalidine,  C]0HgN-.-CloHJKIT2),  is  interesting,  as  being  one  of  the 
first  compounds  of  its  kind  pmnuccd  by  Zinin'.s  process.  It  is  obtained  by 
the  action  of  ammonium  sulphide  upon  ;in  alcoiiolio  solution  of  iiilr"  rw/ih- 
th.-tienr,  one  of  the  numerous  products  of  the  action  of  nitric  acid  upon 
naphthalene,  C10H-.  When  pure  ii.  tonus  colorless  silky  needles,  fusible,  and 
volatile  without  decomposition.  Tt  has  a  powerful,  not.  disagreeable  odor, 
and  burning  taste,  is  nearly  insoluble  in  water,  but  dissolves  readily  in 
nlooliol  :ii;:i  miser;  the  solution  has  an  alkaline  reaction.  Xapii'.ha'.idiiLe 
forma  numerous  crystalline  salts. 


DIAMINES  and  THIAMINES. 

These  are  bases  derived  from  two  or  three  molecules  of 
and  NaH9,  by  substitution  of  bivalent  ami  [.rim  leu  I  alcohol-radicals  for  a 
part  or  the  whole  of  the  hydrogen.  A  portion  of  I  he  hydrogen  may  at  the 
same  time  be  replaced  by  univalent  nlcohui-rndien's.  Diamines  are  formed 
by  the  notion  of  the  chlorides,  bromides,  and  iodides  of  the  diatomic  alco- 
hol-radicals on  ammonia.  The  examination  of  these  compounds  is  far  from 
being  complete. 

P.THHNV.-niAMl-JK   AND  T>  [  KT  H  K  K  H- 111  A'H  IN  E .  —  The  action   of   ammonia    upon 
ethene  dibromide  is  very  complex  :    but  among  the  products  of  the  reaction 
there  are  invariably  present  the  hydrobromides  of  two   bases  which   are 
derived    from   two   molecules  of  ammonia,  viz,.,    clhone-diamine.  C.,HSV,  --- 
>. .:  LMI.i:."H  ..  an  oily  liquid  bo.ilinir  at  117°  (.!.  '(■M2"  IM.  and   did  l.eue-dia- 
miuc,  C4HI0N„  =  S'jC.M  V',,11.,.  :i  orystiilline   solid,  boiling  at  a  high  tem- 
perature.     The  fnriiuit'ion  of  these  bodies,  which  saturate    (ivo  equivalents 
of  acid,  may  be  represented  by  the  following  equations: 
2NHS  +     (CsH4)"Brj  =  [N1{C1H4)"Ht]"Brs,  and 
4NH3  -f  2(C,H4)"Br2  =  [N1(C,JH4)"JH1]"Bi'5   +    2NII4Br, 
Distillation  with  potash  sq;;:ni'i-.'-  toe  oases  from  these  salts,  potassium 
bromide  being  formed  at  the  same  time. 
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!it:tiii:i  of  eOiyi  iodide  upon  elUene-diamme  and  flieibenc-diamiuo, 
5  of  etbylated  derivatives  have  been  obtained.  We  can  here  give 
names  and  formula)  of  the  iodides: 


:s  derived  from  Et/taic-dirimhw. 
Iodide  of  Ethene-diammonium     .      .      .         N.H.(C,H. V'Yax 

K.,H,iCJI,)"jGjy..l/'Ir 
Ml     .     II  II      j 


Iodide  of  lliethyl-ethi 
Iodide  of  Tetrethyl-eth  en  e-di  ammonium 
Iodide  of  Pentethyl-ethene-diammonium 
Iodide  of  Hex  ethyl- ethene-diammonium 

Baus  derived  from  Dicthtne-di 
Iodide  of  Diethene-diammonium  .     .     .     [H,HJC,Hty'J"I_ 


,v,n.,,.i  ..11,1  ■  .'..,".■, 'd 

v.,i!(C:.,n4i '-if  j  !,-.,-''■: 
X.ojV-V-.ii^y-'J.. 


.11.1  Hi' lp  oi    moTnonn-aiinninonium    .      .      .      [-v,".,"   ,u4(  '  ,J "i,. 

Iodide  of  Dicthvl-dicthene  diamtuonium      [KJI. .:'(.■; II, i'VfMVj./l "I,. 

Iodide  of  Tnethvl-dietlione-d  \        i    II  El       J     I 

Iodide  of  Tetvet.hyl-diethenc-diammoniuin  [XiGMI4;'y<:y  l-j.,]''I;. 
Diethene-tmamine  as])  Tkikiiikkk-tiua5itxf..  ■ —  Move  recently  two 
other  bases  have  been  separa.iod  from  the  product  of  tbe  action  of  e'hene 
iiil;ni:::iili!  upon  aiMiionin,  viz..  diotlmue  trintiiitio,  :''0,t[1':„ll-Nr  and  U'i- 
ethene-triamine,  (CjII^HjN,.  The  formation  nf  those  bodies,  which  satu- 
rate 3  equivalents  of  acid,  nnsy  be  rep  rosea  tod  by  the  following  equations : 


DlPHENi-L-ETHENi:    niAMIKE,      N .,11 JC, IT, i  "  l"(-6ll5!;,       mid       DlPHENTL-EI- 

etiiene-diamike,  X(C.,l  l/:"..!  <Vr°V—  Aniline,  when  submitted  to  the  ac- 
tion of  ethcne  bromine"  l.'.,ll4ili\;.  solid  iiios  in  a  crystalline  mass,  from  which 
potash  separates  two  crystalline  bases,  which  are  soluble  in  alcohol  aod  in 
ether,  but  insoluble  in  water.  If  a  lanrc  quantity  of  ethene  bromide  bo 
made  to  aot  upon  a  comparatively  small  r.|iiainity  of  aniline,  the  new  salt 
contains  the  liydi'obramioe  nf  iiifibi-u%  i-eihcne-dianiine.  or  clhcne-dianalme, 
CMH„Na.  2HBr  —  2C6HTN  ■  -j-  l',II.,r^r,.  On  Ibc  oilier  band,  if  the  aniline 
be  employed  in  excess,  bydrobroinido  of  dietfieue-diuniline,  or  diphenyl- 
diethene-diaminc.  C]-I1]„N„  ■  UII.Hr,  is  formed,  together  with  liydrobromide 
of  aniline  :  4C„!I,N  +  2CsH4Bra  =  C]Cli,BNa .  211  Hi-  +  2(C6II,N  .  H.Br), 

METHE»YL-ineHENYi.-DiAwiNE,  C„IIlaNs  =,  N,H(CH)"''(C,HS)],  also  called 
Formyl-aniline.  —  A  mixture  of  aniline  ami  chloroform  exposed  in  scaled 
tubes  to  a  temperature  of  1S0°  solidifies  to  a  crystalline  mass,  consisting 
of  aniline  hydrochloride  and  the  hydrochloride  of  meihenyl-diphonyl-dia- 

4C6rIvN  +  CHC13  =  2(C«H,N.HC1)  +  C,3HlaNa .  HC1. 
By  washing  with  odd  water,  the  aniline  hydrochloride  is  removed,  and  Hie 
residue,  treated  wiiii  po1.si.sh,  yields  the  dinloinic  base  in  a  state  of  purity. 
It  is  crystalline,  insoluble  in  water,  soluble  in  alcohol  and  in  other. 


=  4IIa0  -|-  CfUfN,,  like  aniline  t'romm.     . 

pho.nyleno-di  limine  presents  itself  as  u  slightly-colored,  heavy  oil,  l 
like  plienTbiinine.  li:is  n  tendency  to  assume  a  brown  oolor  on  cjpos~n,  ™ 
the  air.  The  base  gradually  solidities  into  a  mass  of  crystals,  which  he- 
come  hard  and  while  by  washing  with  other.  The  melting  point  of  pheny- 
lene-diamine  is  6S°  C.  (115°  F. ).  the  l,oi!i..g  point  near  280°  C.  (536°  F.) ; 
it  distils  without  alteration.     This  substance  is  very  soluble  in  water  and 
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alcohol,  less  soluble  in  ether.     It  combines  with  3  mu'.eculos  of  acid,  form- 
ing wd'  crystallized,  railtor  soluble  salts. 

The  distillation  of  diuitrotoluene  and  dhiilrocumene  with  acetic  acid  and 

iron  filings  produces  the   corresponding   hiLSPM.  toliiyloiio-dianiino,  C7rI1(!NP 
and  cumylene-dj  amine,    t'Hll].,M;.   which   in  their   properties  and  chemical 

iir|-.rji-i.riii:-tii  near  a  aivai-  resemblance  to  phcny:ene -diamine. 

Cakbodiphenyj.-jki  a  mink,  on  Mki.ami.imi.  ('.1I,,N,_  .N.J  C°"  .—The 
I  H3 
action  of  dry  cyanogen  chloride  upon  anhydrous  uttttine  gives  rise  to  the 
formation  of  a  resinous  suhsianci',  which  is  ;ne  hydrochloride  of  melnni- 
line.  Dissolved  in  water  and  mixed  with  potash,  the  above  sail  .yields  me- 
laniline  in  the  form  of  an  oil,  which  vapidly  solidities  to  :i-  beautiful  crys- 
talline mass.  The  following  equation  represents  its  formation:  2CSH,N  -f- 
CNG1  --  ClaHuN,Cl. 

Melauiline  treated  with  oliloiine.  bromine,  iodine,  or  nitric  acid,  yields 
basic  substitution-products,  in  which  i nv:Li-i:i.lily  two  atoms  of  hydvojten  are 
r enlaced.  It  combines  wit  h  two  e.q  nival  ems-  of  cy uneven,  and  forms  sails 
■with  acids,  most  of  which  are  cry  stall  liable. 

Cahbotrtpiienvl-tbiaminb,  ok  Phenyl-n 
(C8HS)3. — Aniline,  when  evmisr.d  to  the  acti 
temperature  of  1 50 c  (!.  (till >"■  ¥.).  solidifies  into  a  resinous  mass,  consisting 
of  a  mixture  of"  the  hydrochlorides  of  rosaniline  (p.  7-10),  and  of  several 
other  bases,  from  which,  by  appropriate  I  ceatoieoi..  a  beautiful  basic  com- 
pound may  he  extracted,  constituted  as  above.  The  formation  of  this  body, 
which  in  its  properties  closely  resembles  mo^iuiHnu,  may  be  represented 
by  the  equation: 

6C6H,N     +     CC14    =    3(CflH,N.HCl)     +    C„H„NS.  HC1. 

Melaniline  Is  sometimes  represented  a-  evano-diphcnyl-diaiuine,  N„H, 
(CNJICjlI,,!;,,  and  phenyl-melanilino  as  cyano-t.ri  phenyl-diamine,  N4Ha(CN) 
(CjH,),;  but  these  can  scarcely  be  regarded  as  true  formuke  of  diamines, 
inasmuch  as  they  contain  only  inonatoinic  radicals,  and  may  therefore  be 
resolved  into  formula!  of  u 


Aniline  Cnlors. 

Aniline  has  during  the  last  few  years  found  an  extensive  application  in 
the  arts,  a  long  series  of  coloring  mailers  unequalled  iu  brilliancy  and 
beauty  having,  by  ilic  action  of  different  oxidizing  agents,  been  produced 
from  it.  It  was  Mr.  W.  li.  l'erkin  who  liad  first  (lie  happy  idea  of  apply- 
ing practically  the  well-known  property  possessed  by  aniline,  of  forming 
violet  and  blue  solutions  when  I  rented  with  a  solution  of  chloride  of  lime 
or  chromic  acid.  ITe  succeeded  in  [is ins;  t  he.se  colors,  and  bringing  them 
into  a  form  adapted  for  the  dyer.  We  will  here  notice  some  of  the  most. 
important  of  these  coloring  matters. 

AuiLiNE-PUcrLV,  Mauvi;.  —  According  to  Mr.  I'erkin,  mauve  is  prepared 
by  mixing  solutions  of  aniline  sulphate  and  potassium  bichromate  in  equi- 
valent proportions,  arid  allowing  lite  mixture  to  stand  for  several  hours; 
the  black  precipitate  formed  is  filtered  off  and  purified  from  admixed  po- 
tassium sulphate  hy  washing  with  wa.ter  ;  ii  is  then  dried  and  freed  from 
resinous  matter  by  repealed  digestion  with  coal-tar  naphtha,  and  finally 
dissolved  in  boiling  alcohol.  For  its  further  pufilieal  ton,  the  alcoholie 
solution  is  evaporated  to  dryness,  the   substance    is  dissolved  in  a  large 
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quantity  or  boiling  water,  reprccipiiatod  with  caus/.ic  soda,  wssliixl  with 
Water,  and  dissolved  in  alcohol;  and  the  filtered  solution  is  evaporated  to 
dryness.  Mauve  thus  prepared  forms  a  hriiile  subsiMiice,  having  a  beau- 
tiful  bronze- colored  surface :  it  in  ditliculily  so'iible  in  cold  water,  although 
it.  imparls  a  deep  purple  color  to  that  liquid:  ir.  is  more  soluble  in  lmr. 
water,  very  soluble  in  alcohol,  nearly  insoluble  in  other  and  hydrocar- 
bons: it  dissolves  iu  consent  raced  acetic  acid,  from  wdiich  it  crystallines, 
Mauve  is  the  sulphate  of  a  base  called  ,.-.a 'u-<-in ::.  having  the  composition 
CnH!tlT4,  and  capable  of  forming  numerous  crystalline  sails  with  acids. 

■  Anilink--rk;>,  liiisA-sn.iNR,  <.'.,,!  I  ^.V.  -—'['bis  sabs  lance  occurs  more  or  less 
pure  in  commerce  under  the  names  rot'inv,  fitchs'tiic.  nuejcnUi,  ataitiae.  &.a. 
A  red  color  had  boon  observed  at  different  times  in  experimenting  with 
aniline,  more  especially  when  thai.  substance,  was  digested  with.  Dutch 
liquid.  The  red  col  mine:  matter,  though  si  ill  impure,  was  first-  obi  ained  in 
a  separate  state  from  the  product  formed  Iiy  dine  stint;  uniLiiio  wit  li  ear  linn 
tetrachloride  at  150°,  in  which  reaction  it  is  formed,  together  with  earbo- 
triphenyltriamine.  It  was  M.  Verguin  wdio  first,  prepared  it  upon  a  large 
soale  by  the  action  of  stannic  chloride-  upon  aniline.  .Since  that  time  it  has 
been  produced  by  the  action  of  mercuric  suits,  arsenic  acid,  and  many 
other  oxidizing  tisrfiits,  upon  aniline.  The  most  ady;i  uia-ocons  mode  of  pre- 
paration is  the  following:  A  mixture  of  12  parts  of  the  dry  arsenic  acid 
which  ocours  in  commerce,  and  10  pints  of  aniline,  is  heated  to  120°  or 
140°  C.  (2a0°_28uc  F.),  for  about  sis  hours:  a  little  water  may  be  added 
with  advantage.  The  product,  which  is  it  hard  mass  possessing  the  lustre 
of  bronze,  is  dissolved  in  hot.  water  and  precipitated  by  a  slight  excess  of 
soda;  the  precipitate  when  washed  with  water,  and  dissolved  in  acetic 
acid,  forms  the  roseine  of  commerce..  In  order  to  purify  this  still  crude 
substance,  it  is  holed  with  an  excess  of  soda.  io  separate  any  aniline  that 
it  may  contain;  and  the  washed  precipitate  is  dissolved  in  very  dilute 
mineral  acid,  filtered  front  u.mlissol  vc-i  in  cry  maker,  and  re-precipitated  with 
alkali.  The  compounds  of  rosaniline  with  one  molecule  of  acid  are  beau- 
lifu'.ly  ciystallm'.d  substances,  which  in  the  dry  staie  possess  a.  jpo.e.ir  color 
with  golden  lustre;  with  water  they  furnish  a  very- intensely  colored  red 
solution.  The- free  base,  first  obtained  by  air.  Mchohon,  presents  itself 
in  colorless  cryslalline  plates,  insoluble  ii.  waior,  soluble  in  alcohol  and 
ether,  with  a  red  color,  which  ii  also  acquires  en  exposure  to  the  air.  Ros- 
aniline in  the  anhydrous  state  is  represented  by  Ihe  formula  C20HiaNs, 
and  in  the  hydralod  state,  such  as  if  assumes  wdieu  isolated  from  its  com- 
pounds, by  the  formula  C2pH|BNs.  H40.  It  is  a  triamine  capable  uf  com- 
bining with  one,  two,  or  three  equivalents  of  acid.  The  aniline  reds  of 
commerce  are  saline  compounds,  more  or  less  pure,  of  rosaniline  with  one 
equivalent  of  acid.  The  acetate,  which  is  chiefly  found  in  commerce  in 
England,  has  been  prepared  by  Mr.  Kioholsou  in  splendid  crystals  of  very 
considerable  dimensions,  haviiio-  the  composition  C.1,IllllK'J  .  C^IIjO,.  In 
France,  the  chloride  is  chiefly  employed;  its  formula  isC^li^N,,.  HC1.  The 
action  of  ammonium  sulphide  upon  rnsauilino  skives  rise  to  Icitcumliin,  li.,0 
H21N,,  a  base  containing  two  addiliona.l  atoms  of  hydrogen.  This  base  is 
iiseif  colorless,  ami  forms  colorless  sail"  containing  i{  equivalents  of  acid, 
such  as  CJl.jN.,-  .1101.      Oxidising  agents  reproduce  rosaniline. 

The  molecular  constitution  of  rosaniline  has  not  been  distinctly  made 
out.  Neither  is  its  mode  of  formation  thoroujdtiy  understood;  but  one 
Very  important  fact  lins  been  brought  to  light  by  the  researches  of  Hof- 
nsann,  and  confirmed  by  die  experience  of  manufacturers  —  namely,  that 
pure  aniline,  from  whatever  source  il  may  he  obtained,  is  incapable  of  fur- 
nishing aniline-red.  Commercial  aniline  prepared  from  coal-tar  always  in 
fact  contains  toluidiite  as  well  as  aniline  ;  aud  llofmann  has  shown  that  the 
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presence  of  this  base,  together  with  aniline,  is  essential  to  the  formation 
of  the  red  dye.  Toluidino  by  'l«'lf  is  just,  as  iucitpable  of  yielding  the 
red  as  pure  aniline,  but.  when  a  mixture  of  pure  aniline  and  pure  loluidine 
is  treated  with  stannic  or  mercuric  chloride,  or  with  arsenic  acid,  the  red 
coloring  matter  is  immediately  produced,  lis  formation  may  perhaps  ho 
represented  by  the  equation: 

C„H,N        +        2C,H,N        =        CMH1?N,,        +         3H2 
Aniline.  Toluidiue.  Rosaniline. 

Rosaniline  is  doubtless  a  triamino,  and  I  he  formula  R3(C,ir6)"a.  (C6H4)"rI3 
has  been  suggested  as  the  rational  expression  of  its  constitution.  This, 
however,  is  cot  the  formula  of  a  true  triamine.  since  ii  contains  only  biva- 
lent radicals,  and  may  he  resolved  into  Nil,  j-  NY(C,He)"a(C,H4)",  or 
N(CSH()"II  +  NS(C,H,)"SH,. 

Aniline-elbe  and  Amt,im:-vhh.et. — MM.  Givsrd  and  I)e  Laire  obtained 
aniline-blue  by  digesting  rosaniline  with  an  excess  of  aniline  at  150°-lu0° 
C.  (300°-320°  F.). '  Together  ivit.li  aniline  blue,  which  is  t lie  principal  pro- 
duct of  the  reaction,  several  other  coloring  matters  (violet  and  green)  and 
indifferent  substances  are  formed,  considerable  quantities,  of  ammonia  being 
invariably  evolved.  Tlie  crude  bioe  is  pnrificd  by  treating  it  suecessively 
with  boiling  water  acidified  with  hydrochloric  acid,  and  with  pure  water. 
The  blue  coloring  matter  is  said  in  be  obtained  from  its  boiling  aleoholio 
solution  in  brilliant  needles,  it  consists  of  the  hydrochloride  of  triphmyl- 
TOSiiniUne,  C«HW(CB1IS),NS.  Tiy  heating  rosaniline  with  ethyl-iodide,  Dr. 
Hofmann*  has  obtained  an  aniline  violet,  having  the  eon i position  of  hydri- 
odide  of  triftfail-rosmttiwr.,  <'..„!l16(<.,.;trrj'i,jXai.  Anor.liov  aniline-violet  is  pro- 
duced by  heating  rosauiiino  with  a  ..i:.i;ir=:L:y  of  aniline  less  than  sufficient 
to  form  aniline-bluo. 

Aniline-yeilow,  Cheysasiline. — In  the  preparation  of  aniline-red,  a 
considerable  quantity  of  secondary  products  is  produced,  from  which  Mr. 
Nicholson  has  succeeded  in  extract;' hi;:  ;s  yellow  ecloriue  matter.  '  This  snb- 
siance,  which  has  been  called  i-hrusiinilhi.--,  contains  (',.nll._Na:  it  is  also  a 
well-tleliiied  base,  forming  two  series  of  salts,  the  majority  of  them  being 
very  well  crystallized.  The  Inn  hydrochlorides  of  chrvsaniline  are  CsnH„ 
Nj.HCl,  and  CjjHhNj.  2HC1.  The  nitrate  of  chrysanifine.  is  so  insoluble 
in  water,  l.liat  nitric  acid  may  be  precifiitaieil  even  from  a  dilute  sol ul ion 
of  nitrate^  by  means  of  the  more  soluble  hydre-cldnrate  or  acetate  of 
chrysaniline,  Chrvsaniline  is  intimate  I  j  related  to  r n sail i line  and  leueani- 
line,  differing  from  t.iie  l'liriner  by  '1  ami  from  the  hitter  by  4  atoms  of  hy- 

Chrysaniline     .  .  .     CwH17Na 

Kosaniline        .         .         .     C^H^Nj 
Leucaniliue      .         .         .     Cf^H2,Nj. 


APPENDIX  TO  THE  ALCOHOLIC  AMMONIAS. 

Under  this  head  we  shrill  include  certain  ariiiie.ial  oreriuic  ba=;( 
molecular  const.iiutiou  of  whieh  has  not  been  vc.i'y  distinctly  madt 
also  tho  natural  bases  or  alkaloids  found  in  living  organisms:  Hie 
p  horns,  arsenic,  and  antimony  bases,  analogous  in  composition  i 
amines ;   and  certain  oilier  Compounds  of  organic  radicals  with  metal 
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I.  —  Artificial  Organic  Bases  obtained  from  various  Sources. 

BASES  Oin'AIHKD  BY  DESTRUCTIVE    DISTILLATION. 

The  destructive  distillation  of  organic  substances   lias   furnished   a  rid) 

harvest  of  basic  compounds.     A  fow  of  the  more  interesting  may  here  be 

noticed, 

Chinoline  (Lt.uooi.ine),  CsH,N.  —  Quinine,  elticlionme,  strychnine,  nnd 
probably  other  bodies  of  this  class,  when  distilled  with  n  very  concentrated 
solution  of  potash,  yield  an  oily  product  resembling  aniline  in  many  re- 
spects, and  possessing  stroiii;  basic  powers;  ir  is,  however,  less  Volatile 
than  that  substance,  and  boils  sit  '.'.3-V  ('.  (■In."/'  F.),  When  pure,  it  is  color- 
less, and.  lias  a  faint,  odor  of  bitter  almonds,.  Its  density  is  1-081.  It  is 
Slightly  soluble  in  water,  and  iniscible  in  ail  proportions,  with  alcohol,  ether, 
and'  essential  oils.  Chinoline  fornt.s  salts  with  acids,  which,  generally 
speaking,  do  not  crystallize  very  freely.  Chinoline  is  a  tertiary  monnmine. 
When  digested  with  otliyl  iodide,  i'  yields  iodide  of  el  liyleliiiioliue,  CjiII,jNI 
=  CeH7(C,Il6)Nl.  Treatment  of  ili'is  iodide  with  silver  oxide  liberates  the 
base  <.'UH  ,„>>'(  (10  i.  whieh  exhibits  all  rlie  characters  of  the  ammonium  bases, 
being  powerfully  alkaline,  easily  soluble  in  wilier,  and  not  volatile.  Mr. 
C.  Greville  Williams  has  shown 'that  Hie  basic  oil  obtained  by  distilling  cin- 
eluiiiiii'.'  '.-i.iiln.iiis.  iii  nod:  i  inn  to  eli  in.  il  in,1,  two  oilier  buses  or'  very  si  in  i  lii  r 
propertles.  to  which  tin;  names  of  iip'uHitf.  and  crypUdinc  have  been  given. 
Lepidine  contains  CI0H9N,  cryptidine  CjjHj.N. 

Chi  noun  e- blue,  Cyahine.  — The  action  of  ainyl  iodide  upon  ehinoline 
gives  rise  to  iodide  of  amy  1  chin  el  in  e,  CHH7(I\'T.  A -Id  1 1  ion  of  an  excess  of 
soda  to  an  aqueous  solution  of  this  iodide  produces  a  black  resinous  pre- 
cipitate, which  dissolves  in  alcohol  with  a  magnificent  blue  color.  This 
precipitate  is  the  iodide  of  a  new  base,  discovered  by  Mr.  C.  G.  Williams, 
which  has  been  cuiled  iri/vnine.  The  color  of  this  body  is  unfortunately 
very  fugitive.  According  to  recent  researches,--  the  formation  of  the  new 
iodide  is  represented  by  the  ful'.ov,  uig  couiiiioti:  2C14H18NI  =  C^H^NjI 
+  HI. 

PiconNE,  CCH,N. — Dr.  Anderson  1ms  described  under  Ibis  name  a  vol- 
atile, oily  base,  which  is  present  in  certain  vavielies  of  eoal-tnr  naphtha, 
being  there  associated  with  aniline,  eliinoline.  and  several  other  volatile 
substances  but  imperfectly  understood.  II.  is  scparal  ed  without  difficulty 
from  the  two  bases  just  mentioned,  l>y  distillation,  in  virtue  of  its  superior 
volatility.  Picoline,  when  pure,  is  a  colorless.  transparent,  limpid  liquid, 
of  powerful  and  persistent  odor,  and  acrid,  bitter  taste.  It  is  unaffected 
by  a  cold  of —18°.  It  is  extremely  volatile,  evaporates  rapidly  in  the  air, 
and  does  not  become  brown  like  an  nine  when  kent  in  ati  ill- stopped  bottle. 
Picoline  has  a  sp.  Kr.  ()f  O-tVio,  and- boils  at  J;W°  C.  (271"  I'.}.  It  mixes  in 
all  proportions  with  pure  water,  but.  is  insoluble  in  caustic  potash  and 
most,  saline  solutions.  The  alkalinity  of  this  substance  is  exceedingly  well 
marked:  it  restores  Hie  blue  color  of"  reddened  lit  urns,  and  forms  a  series 
of  crystalliaable  salts.  It  is  isomeric  with  aniline,  but.  completely  dis- 
tinguished from  that  body  by  n timorous  character*"''"  ■ 


The  oily  liquid  ohlained  by  the.  distil'mlon  of  bones  and  animal  matter 
generally,  frequently  designated  by  the  term  Dip-pel's.  Oil,  contains  several 
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volatile  organic  bases.  Together  with  some  of  the  unbalances  already  de- 
scribed, such  as  moihylainine,  e.ihyl:uu::ie,  pieoiinc,  mid  aniline,  Dr.  Ander- 
son lias  fouii'l  in  ii  several  peculiar  bases, 

Petinine,  C,H„N.— The  prunei-lies  of  this  substance  are  very  analogous 
to  those  of  biet.hyhimitie  :1m!  triotliylamhie.  li  has  the  same  composition 
as  bieihylaiuiue.  but  differs  from  it  bv  its  lusher  boiling-point,  which  is 
711-5°  C.  (175°  F.),  that  of  biet.hylaniiue  being"  f.7'fr>  U.  (135°  F.)  (p.  736). 
Some  chemists  are  inclined  lo  explain  this  difference  by  assuming  that 
petinine  is  identical  wii.li  l/iitiihimw.?.,  m\j.pt\ij).  This  assumption  may  be 
correct,  but  is  not  as  yet  supported  by  any  ouperimont.a]  evidence.  The 
true  butylaininc  has  been  oblaiticd  by  .H.  Wuru  tVom  bntyl-aloohol  in  the 
same  manner  ;ir  uthybuiiiuii  is  obtained  from  commnn  alcohol. 


LbTlDINE,  C»1'ISN. — Uilv  bast:  contained  in.  tin:  portion  which  distils  at 
154°  0.  (309°  F.). 

Cowdine,  CbH^N.  — Oily  base  very  similar  to  the  preceding  ones.  Boil- 
in-  point.  170°  C.  mi°  F.). 

To  the  same  series  »Imi  ho'orijcs  an  inly  bane,  lately  isolated  by  Mr.  C. 
Groville  Williams  from  In  basic  products  of  the  ■  1 L  h r i  1 1  ji.r .: cm  of  Dorsetshire 
shale,  and  described  by  him  usular  the  name  of  j,mrolme.  Parvoline  is 
said  to  contain  C,H1SN. 

It  will  be  observed  that  these  bases,  the  constituent,  radicals  of  which 
are  cot  yet  clearly  made  out,  are  isomeric  wit  a  the  homologues  of  aniline  ; 


? 

CST6N 

Pyridine. 

Aniline 

tyi.N 

Picoliue. 

Toluidiuo 

CXN 

Lntidine. 

Xylidine 

Csrl..N 

Oollidmo. 

Cumidine 

C,H„S 

Clt,II16N. 

Parvoline 

Cymidine 

The  first  term  of  the  aniline  series,  ami  the  last  of  Hie  pyridine  series, 
are  unknown.  The  bases  of  t.Ue  aniline  series  are  primary,  those  of  the 
pyridine  series  tertiary  monarchies. 

Ptubol,  CjHjN.  —  This  substance  was  first  observed  by  Runge  in  Coal- 
tar;  Anderson  afterward  oblained  it  from  animal  oil.  It  has  tlie  proper- 
ties of  a  very  weal;  base,  the  compounds  of  which  with  acids  arc  destroyed 
by  boiling  with  water.  To  prepare  pyrrol,  tin:  bases  of  animal  oil  are  dis- 
solved in  sulphuric  uciil ;  the  solution,  when  siibmiMod  to  protracted  ebulli- 
tion, retains  the  .stronger  bases,  allowing  the  pyrrol  to  pass  over.  The 
distillate  is  heated  wish  solid  ooiiissiuni  hydrate,  when  the  pyrrol  combines 
slowly  with  the  alkali,  admixed  impurities  being  volatilized.  By  dissolving 
the  potassium-compound  in  water,  the  pyrrol  separates  as  an  oily  liquid, 
floating  on  the  surface  of  (lie  solution.  Pyrrol  is  colorless,  insoluble  in 
water  and  altalies,  slowly  soluble,  in  ileitis ;  it  has  an  ethereal  odor  resem- 
bling that  of  chloroform,  a  specific   gravity  -.-  1  -077,  and    boils  at  133°  C. 

(271°  F.).     Pyrrol  is  easily  i Denized  by  the  purple  color  which  it  imparts 

to  fir-wood  moisten tiil  with  hydrochloric  acid. 

By  heating  an  acid  solution  of  pyrrol,  n  reft,  flaky  subslaiice,  pyrrol-red, 
is  produced,  contiiinint'  t;,..!!,.^  A.,  the  formation  of  which  is  represented 
by  the  following  equation: 

3C4HSN         +        HaO         =        C,jlIuNsO         -f         NH3. 
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The  bodies  called  !ii/ilriiii,itii-;  uroduced  by  t ho  action  of  ai 
furol  (p.  695),  ami  on  tin;  aldehydes  of  the  aromatic,  series,  are  neutral 
substances,  not  capable  of  uniting  with  acids;  but,  when  boiled  with  aque- 
ous potash,  Uicj  arc  converted,  wiihoi.t  addition  or  abstraction  of  any  ele- 
ments whatever,  into  isomeric  cuuipuunds,  which  are.  strong  bases,  com- 
bining v, -Li  lily  wit  1 1  acids  am!  forming  definite  salts. 

FnnFURlNE,  C1SH1.IX.,()3."""  h  fun  tied  in  the  manner  just  described  from 
furfuramide,  a  hydramido  obtained  by  ihe  action  of  ammonia  on  furfuvol 
(p.  095).  It  is  a  powerful  organic  bate,  forming  with  acids  a  series  of 
beautiful  crystalli7able  raits,  decomposing  ai  a  boUing  heat  the  saline 
compounds  of  ammonia,  r'urfnrine  is  v-;'ry  sparingly  soluble  in  cold  water, 
but  dissolves  in  about.  loo  parts  at  about  100°.  Alcohol  and  ether  dissolve 
it  freely:  the  solutions  have  a  strong  alkaline  reaction.  It  melts  below 
the  boiling  point  of  water,  and,  when  strongly  boated,  inflames  and  burns 
with  a  red  and  smoliy  light.,  leaving  bin  little  charcoal.  Its  salts  are  in- 
tensely bitter. 

Amamne  (Benzot.ine),  C..,!!,^'.,.  —  llydroheii'/ainhle,  produced  by  the 
action  of  ammonia  on  pun:  biiicr-nliiiuiul  oil  (p.  ti'H)),  wlien  lung  boiled 
wilh  a  solution  of  caustic  potash,  slitters  ;ho  sa.tne  kind  of  change  as  fur- 
furamide, becoming  entirely  convened  into  Ihe  isomeric  base  called  amtt- 
rine.  Precipitated  by  ammonia  from  a  cold  solution  of  (he  hydrochloride 
or  sulphate,  amariite  separates  in  white,  curdy  masses,  which  when  washed 
and  dried  hecorou  greatly  reduced  in  volume.  In  this  slate  it-  hcouiues 
strongly  electric  by  friction  with  a  spatula.  It  is  insoluble  in  water,  but 
dissolves  abundantly  in  alcohol:  the  solution  is  highly  alkaline  to  test- 
paper,  and  if  sufficiently  eoncont.rnt.od.  deposits  (lie  amarine  on  standing  in 
small,  colorless,  prismatic  crystals,  lielow  Hid"  it.  molls,  and  on  cooling 
assumes  a  glassy  or  resinous  condition.  Sironsrly  hea.ied  in  a  retort,  it.  de- 
composes, with  production  of  ammonia,  a.  vobitilo  oil  nut  yet  examined, 
and  a  new  body,  pi/roiiauolini:  or  luplniif,  0S,11I6N.,  {:),  which  appears  to  be 
a  feebly  basio  substance,  insoluble  in  water,  soluble  in  boiling  alcohol.  It 
is  fusible  by  moderate  heat,  and  on  cooling  becomes  a  mass  of  colorless 
radiating  needles  or  platos.  The  salts  of  amarine  are  mostly  sparingly- 
soluble;  the  sulphate,  nitrate,  and  hydrochloride  are  crystnlliiable  and 
very  definite. 

Thiai/dine,  C„H,3Nfl.,.  —  This  lifisp  is  obtained  by  dissolving  the  crystal- 
line compound  of  aldehyde  with  ammonia  (p.  (i87j  in  from  12  to  1G  parts 
of  water,  mixing  the  solution  with  a  few  drops  of  caustic  ammonia,  utid 
then  subjecting  the  whole  to  a  feeble,  stream  of  sulphuretted  hydrogen. 
After  a  time  Ihe  liquid  becomes  turbid,  and  deposits  Ihialdinc  as  a  white 
crystalline  substance.  It.  is  sopara.t.eit,  washed,  dissolved  in  ether,  and  the 
solution  mixed  with  alcohol  and  left  to  evaporate  spontaneously,  by  which 
means  the  base  is  obtained  in  large,  regular,  rhombic  crystals,  liaving  the 
form  of  gypsum.  The  crystals  are  heavier  than  water,  transparent  and 
colorless.  They  refract,  light  strongly.  Tiiialdine  has  a  somewhat  aro- 
matic odor,  melts  at-  -l"-;!c,  and  volatilizes  slowly  at.  common  temperatures. 
It-  dis;ils  unchanged  with  the  vapor  of  water,  but  lieuomposit-  when  heated 
alone.  It  is  very  sparingly  soluble  in  water,  easily  in  alcohol  and  ether. 
It  has  no  action  on  vegetable  colors,  but  dissolves  freely  in  acids,  forming 
crystal li z:i  bio  salts.    Heated  with  slaked  lime,  it  is  said  to  yield  ehinolino. 

A  very  similar  compound  containing  selenium  has  been  prepared. 

*  This  remarkable  siili-tim.e,  t'„.  .=m.t  ^ppronch  to  the  native  alkaloids  yet  made,  was 
Hosleo  by  G00gk 


NATURAL    ORGANIC    BASES.  751 

Alaiine,  CaH,N02,  produced  by  treating  a.eeiic  aldehyde  with  hydro- 
cyanic and  hydrochloric  acids,  and  (™c<k«,  lyi^MV  obtained,  in  like 
manner,  from  valeric  aldehyde,  arc  likewise  bases,  forming  definite  salts 
with  acids;  but  they  arc  atso  acids,  capable  of  forming  units  by  exchanging 
their  hydrogen  for  metals  ;  they  have  incited  the  composition  of  amido- 
propionic  and'amidocaproio  acids,  and  as  such  have  boon  already  de- 
s-rii ■■..■■. I.  .;i4'-  ('15-  Ulin.  Gh/coanr,  i.yi,,NO,  [p.  lillj,  is  another  body  of  the 
same  series,  and  possessing  similar  properties. 


-Natural  Organic  Bases,  or  Alkaloids. 


The  organic  alkaloids  con  si  itute  a  remarkable  and  n 
of  bodies:  they  are  met.  with  in  various  plants,  some 
animal  organism.  They  are.  for  the  most  pari,  sparingly  soluble  in  water, 
but  dissolve  in  hot  alcohol,  from  which  they  often  crystallize  in  a  very 
beautiful  manner  on  cooling.  Several  of  Ilium,  bowevor,  are  oily,  volatile 
liquids.  The  taste  of  the  vogotci-afiio.lit.s.  when  in  solution,  is  usually  in- 
tensely bitter,  and  their  action  upon  the  animal  economy  exceedingly  cner- 
gotie.  They  all  contain  u  considerable  i|ininlity  of  nitrogen,  and  are  very 
complicated  in  constitution,  having  hud:  condemn1;  numbers.  This  class 
of  bodies  is  very  numerous;  but  the  limits  of  this  elementary  work  permit 
us  lo  study  only  r.be  mure  important  nhcrs  included  in  it. 

None  of  tin:  organic  bases  occurring  in  plums  have  yet  been  formed  by 
artificial  means;  and  their  constitution  is  far  from  being  completely  under- 
stood. There  Can  be  no  doubt,  however,  Unit  tin:  natural  alkaloids,  like 
the  artificial  bases,  arc  substitution -products  of  ammonia.  Many  of  them, 
when  submitted  to  the  action  of  methyl  or  ethyl  iodide,  are  capable  of  ab- 
sorbing a  smaller  or  grcuicr  number  of  ei|uivaicnLs  of  methyl  and  ethyl, 
and  their  deportment  with  these  alcohol -iodides  permits  us  to  ascertain 
with  great  precision  tlieir  degree  of  substitution.  If  a  natural  alkaloid, 
when  submitted  to  the  action  of  ethyl  iodide,  bo  found  to  require  for  con- 
version into  a  base  of  the  formula, 


NJ  II 

u 


i.  e,,  that  it  is  a  tertiary,  a  secondary,  or  a  primary  mmnimine.  All  natu- 
ral alkaloids  which  have  been  examined,  with  the  exception,  of  eonine,  are 
tertiary  bases. 

Morphine,   or  Morphia.  C.jlf^'O.j.  —  This  is  the   chief  active   principle 

of  opium :  it  is  the  most  cimrao-  eristic  holy  of  the  g'.-ruup,  and  the  earliest 
known,  dating  back  tu  the  year  lfciO.1,  when  if  was  discovered  by  Sertiirncr. 
Opium,  the  inspissated  juice  of  the  poupy-oapsiilo,  is  a  very  complicated 
substance,  containing,  besides  morphine,  n  host  of  other  alkaloids  in  very 
variable  quantities,  combined  with  sulphuric  acid  and  meeonic  aeid  (p.  670). 
In  addition  to  these,  there  arc  gummy,  resinous,  and  coloring  matters, 
caoutchouc,  Sic,    besides  inoehan;.cai  impurities,  as  chopped  leaves.      The 
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opiam  of  Turkey  is  the  most,  valuable,  and  contains  the  largest  quantity -of 

morphine :  the  opiums  of  i.gypt  ;im]  "'  India  are  considerably  inferior. 
Opium  has  been  produced  !ii  kn;t\and  of  tin'  lines:  uuality.  but  at  great  cost. 

If  ammonia  be  added  to  a  clear,  uqm-ous  in  fusion  of  opium,  a  very  abun- 
dant buff-colored  or  bi-onnifii-e.diito  prec;pitatc  falls,  which  consists  prin- 
cipally of  morphine  and  narcotine,  rendered  insoluble  by  the  withdrawal 
of  (lie  acid.  The  product,  is  too  impure,  however,  for  use.  Tlie  chief  dif- 
ficulty in  the  preparation  of  these  subsiaiieos  is  to  get.  rid  of  tlie  coloring 
matter,  which  adheres  with  groat,  obstinacy,  rodissolving  with  the  precipi- 
tates, and  being  again  in  part  t.Lrov.n  (limn  when  the  .solutions  are  satu- 
rated with  an  alkali.  The  fellowitij:  me.tliod,  which  succeeds  well  upon  a 
Small  scale,  will  serve  to  give  tiio  si  ttdcjii  some  idea  of  a  process  very  com- 
monly pursued  when  it  is  desived  to  isolate,  at  once  an  insoluble  organic 
base,  and  tlie  acid  with  which  it.  is  in  combination:  A  filtered  solution  of 
Opium  in  tepid  water  is  liiixmi  wi'h  lend  acetate  lit  excess;  the  precipitated 
lead  meconate  is  separated  by  a  filter,  and  through  the  solution  containing 
morphine  acetate,  now  freed  to  it  niii.'iilcrali'c  oxtenl  from  color,  a  stream 
of  sulphuretted  hydrogen  is  pussed.  The  tillered  and  nearly  colorless 
l;:ii;:iL  :V"in  i'.-]ii.-U  t:ic  load  lias  been,  llius  removed,  may  lie  warmed  to  ex- 
pel the  excess  of  gas,  once  more  filtered,  and  then  mixed  with  a  slight 
excess  of  caustic  ammonia,  which  throws  down  the  morphine  and  narco- 
tine  :  these  may  be  separated  by  boiling  ether,  in  which  the  latter  is  solu- 
ble. The  lead  meconate,  well  wasiieu.  su.-;i  ended  in  water,  and  decomposed 
by  siil]diuve*tcd  iiydvoge'i,  yields  a  solution  of  mooonie  acid. 

Morphine  anil  its  saLls  are  advaui.a^cously  prepared,  on  the  large  scale, 
by  the  process  of  Dr.  Gregory.  A  si  rung  infusion  of  dpi  inn  is  mixed  v.  it  h 
a  solution  of  calcium  chloride,  free  from  iron  ;  calcium  mceoiia'io..  which  is 
nearly  insoluble  i!iea  separaies,  whiie  tie  hydi-oeiilei  ie  acid  is  transferred 
to  tlie  alkaloids,  liy  duly  concentrating  the  filtered  solution,  (lie  hydro- 
ohbiride  of  morphine  may  be  made  to  crystallize,  while  the  narcotine  and 
other  bodies  are  left  behind.  Repeated  rccryslallization,  and  the  use  of 
animal  charcoal,  then  suiliec  to  whiten  and  purify  Ihe  sub,  .from  which  the 
base  may  be  precipitated  in  the  pure  state  by  ammonia.  Oilier  processes 
have  been  proposed,  as  that  of  M.  Thibouinery,  which  consists  in  abiding 
slaked  lime  iu  excess  to  an  infusion  of  opium,  by  which  tlie  moeonic  aeid  is 
rendered  insoluble,  wdii'.e  the  inor]ihiiie  is  taken  up  wiib.  ease  by  ihe  alka- 
line earth.  By  aa--:!i/  neutral  mne:  the  till  e re  1  solid  ion  with  hydrochloric 
acid,  the  morphine  is  precipitated,  but  in  n  somewhat  colored  state. 

Morphine,  when,  crystallised  from  alcohol,  forms  small  but  very  brilliant 
prism atio  crystals,  which  are  transparent  and  colorless.  It  requires  at 
least  1000  parts  of  water  for  solution,  tastes  slightly  bitter,  and  has  an 
alkaline  reaction,  These  effects  are  much  move  evident  in  the  alcoholic 
solution.  It  dissolves  iu  about  lift  parts  of  boiling  alcohol,  and  with  great 
facility  in  dilute  acids ;  il  is  also  dissolved  by  o-:ooss  of  caustic  potash  or 
soda,  but  scarcely  by  excess  of  ammonia.  When  healed  in  the  air,  mor- 
phine melts,  inflames  like  a  resin,  and  leaves  a  small  quantity  of  charcoal, 
which  easily  burns  away. 

Morphine  in  powder  strikes  a  deep-bluish  color  wit.li  neutral  ferric  salts, 
decomposes  iodic  acid  with  liberation  of  iodine,  and  forms  a  deep-yellow 
or  red  compound  with  nitric  acid  ■    these  reactions  are  by  some  considered 

Crystallized  morphine  contains  ClvlIi3NOj.  H,0. 

The  most  characi  eristic  and  best -defined  sail  of  this  base  is  the  hydro- 
chloride. It  oryat.si.Ui/es  in  slender,  colorless  needle-,  arranged  in  tufts  or 
stellated  groups,  soluble  in  about  2d  parts  of  cob!  water,  and  in  its  own 
weight  at  the  boiling  heat.  The  crystals  contain  P.  molecules  of  water. 
The  sulphate,  7iii.ru/.:,  and  p!i'j--phn!c  ate  ery  si  alii/ able  salts  :   the  acetate  erys- 
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talliies  with  great  difficulty,  .mil  is  usually  sold  in  the  statu  of  a  dry  pow- 
der.     The  artificial  insmntue  is  sometimes  prepared  for  medicinal  use. 

An  alcoholic  solution  of  morphine,  healed  jti  sealed  tubes  with  methyl 
iodide,  forms  a  crystalline  compound,  (.'^IL/NOjI  =  C„(II|SCH3)NOaT  ;  this 
substance  yields,  with  silver  oxide,  si  very  alkaline  solution,  obviously  con- 
taining an  ammonium  base.  Morphine  is  I  here  lore  a-  tertiary  amine,  the 
group  C,«H19Os  representing  one  or  several  radicals,  which  are  together 
capable  of  replacing  <i  atoms  of  hydrogen. 

Nareotine. — The  man,  or  insoluble  portion  of  opium,  contains  much 
nareotine,  which  maybe-  extracted  by  boiling  ivit.lt  diluie  acetic  acid.  From 
the  filtered  solution  the  nureoiino  is  precipitated  by  ammonia,  and  after- 
wards purified  by  solution  in  boiling  alcohol,  unci  filtration  through  animal 
charcoal.-  Nareotine  crystallizes  in  small,  coioriess.  brilliant  prisms,  .-which 
are  nearly  insoluble  in  water.  The  basic  power's  of  nareotine  are  very 
feeble :  it  is  destitute  of  alkaline  reliction,  and  although  freely  soluble  in 
acids,  refuses,  for  the  most  part,  to  form  with  them  cry  stall  liable  com- 
pounds. 

According  to  Mattbiesseu  and  Foster,  nureoiinc  conlains  CJI^XO,. 

Nareotine  yields  some  cm-ions  product*  by  the  action  of  oxidizing  agents, 

as  a  mi  stun;  of  liilul.e  s'.ilphurie  acid  at»l  111:1  i:»:il;i:*  dioxide,  or  a  hot  solu- 
tion of  plaiinie  ehliirv.Le.  They  buve  been  chiefly  HluiUcil  by  Woiilor,  lily  I  h, 
Audorson,  and. lately  also  by  .Vlau  iiiessen  an. I  Foster.  The  most  important 
of  these  is  opianic  neid,  n.  substance  foiaiiun  colorless .  prism  atio,  reticulated 
crystals,  sparingly  soluble  in  cold,  easily  in  hot  water.  It  melts  when 
heated,  but  does  not  sublime.  After  fusion  it  becomes  quite  insoluble  in 
dilute  alkalies,  but  without  change  of  composition.  This  acid  forms  Orys- 
taliizable  salts  and  an  ether  :  it  contains  GBHwO,.  The- ammonia-suit,  by 
e.-ipor:,.i.ioit  10  dryness,  yields  n  nearly  white  insoluble  powder,  called 
opiammone,  containing  !'...,!  I.,MIR.  convertible  by  strung  acids  into  opianic 
acid  and  ammonia.  Sulphurous  arid  yields  with  opianie  acid  two  products 
contaiuing  sulphur.  A  basic  subsranoe.  whirnme,  f!i.JH,3X0j,  is  contained 
in  the  mother-liquor  from  which  opianic  acid  has  crystallized :  it  forms  a 
yellow  crystalline  muss,  wry  soluble,  of  bitter  taste,  and  feebly  alkaline 
reaction.  Its  hydrochloride  is  a  well-defined  salt.  The  transformation  of 
nareotine  into  opinnic  acid  ami  eoiaroiue  is  represented  by  the  equation: 

0„H„pTO,         +        O        =        CwH10OB        +        ClsHaNO,. 
Another  basic  substance,  n<ira>,'/c!tt>:f.,  was   aceidenlitlly  produced  in  an  at- 
tempt to  prepare  coiarainc  with  piatinie  chloride.      It  formed  long  orutige- 
coloreil  needle?,  ami  contained  (.'^fi|aN()E. 

By  heating  opianic  acid  with  a'slrong"solution  of  potash,  it  is  converted 

into  a  crystallizahlo  nentt'al  mid  volaiile  snbsl ;e  called  mcconin,  C,0H„,O4, 

and  a  bibasic  erystnllijable  acid,  terated    hf.iaipiii.if.  neid,  Cir)HI0Oe: 

2C„H10OB  =  CMH„04  +  C,„H10O8. 
Hemipinic  acid,  treated  wi(h  hydriodie  a.cid.  splits  up  into  methyl  iodide, 
carbonic  acid,  and  hypoga.Uic.  r.llf(if  the  relation  of  which  to  gallic  acid 
has  already  been  meiitiiiucd  (p.  (id"}.  When  cota.i-nine  is  gently  heated 
with  very  dilute  nitric  acid,  it  is  converted  into  methyl  an  tine  nitrate  and  co- 
tarmc  acid,  a  bibasic  acid  contaiuing  C]PH| jO,,: 

ClsH,aN03+  2HaO  +  NOsH  =  CH6N.NOa+  CuHuOr 

Codeine,  C,slij,NOs .  —  Hydrochloride  of  morphine,  prepared  directly 
froin  opium,  as  in  Gregory's  process,  contains  codeine-salt.  On  dissolving 
it  in  water,  and  adding  a  siigiu  excess  of  ammonia,  the  morphine  is  preci- 
pitate.], and    the  codeine   left   in  solution.      Pure   codeine    crystallizes,    by 
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Spontaneous  evaporation,  in  er,v,r!e-s  transparent  octnhedrons:  it  is  soluble 
in  80  parts  of  colli,  mid  17  of  boiling  waior,  hus  a  strong  alkaline  reac- 
tion, ami  forms  cry  stall  iz  able  salts. 

With  ethyl  iodide  codeine  forms  a  cry  si  alii  no  in. lid  p.  C^H^MOjI  =  C1BHS1 
(CjlLlHOgl,  furnishing  with  silver  oxide  a  salable  base.  Codeine  being 
considered  as  a  tertiary  monaniine,  the  group  t.  ltM  u()3  represents  3  atoms 
of  hydrogen. 

Codeine  is  homologous  with  morphine,  r^ll^NTA,.  It  lifts  been  the  sub- 
ject of  a  careful  invest; gat  ion  by  .Dr.  Anderson,  «  lio  has  prepared  a  great 
number  of  its  derivatives,  all  of  which  eitalilisb  /he  furniulft  above  given, 

Thebains  or  Paramo rphlne,  — This  substance  is  contained  in  the  precipi- 
tate formed  by  calcium  hydrate  in  a  strong  infusion  of  opium,  in  Thibou- 
mery's  process  for  preparing  irnn-jtli i rtu.  Tbe  prceipilate  is  well  washed, 
dissolved  in  dilute  acid,  and  mixed  ivilh  ammonia  in  excess,  and'  the  tho- 
baine  is  thrown  down  crystallized  from  alcohol.  When  pure,  it  forms 
colorless  needles,  like  llmse  of  navcoiiue,  but  ppantialy  soluble  in  water, 
readily  soluble  in  the  cold  in  alcohol  and  other.  It  melis  when  heated,  and 
decomposes  at  a  high  temperature.  Wji.fi  dilute  acids  it  forms  erystalliz- 
able  compounds,  and  when  isolated  and  in  solution  has  a  powerfully  alka- 

A  series  of  other  Twos,  papm-erinr-.  C.i,,ll,L^0,,  pmnh-morphine,  narceine, 
CjjjHj-NO,,  opianine.  and  /■■niy-in/ionii/.i,  are  also  — at.  least  occasionally  — 
contained  in  opium  :  they  are  of  small  importance,  and  comparatively  little 
is  known  respecting  them.  A  considerable  number  of  derivatives  of  papa- 
verine have  been  prepared,  which  confirm    tbe  formula  above  given  for  it. 

Cinchonine  and  Quinine. —  It  is  to  these  vegeto-alkalieB  that  the  valuable 
medicinal  properties  of  the  Peruvian  barks  are  due.  Tliey  are  associated 
in  the  barks  with  sulphuric  acid,  ami  with,  a  special  acid,  called  the  qainin 
or  kiltie.  Cinchonine  is  con  ruined  in  largest  quantity  in  the  pale  bark,  or 
Cinchona  contlaminea  ;  quinine  in  tiie  yellow  bark,  or  Cinchona  cordijolia ; 
the  Ut.vi- vn n  iJiO.Hj/'if-Ait'.  emuairis  both. 

The  simplest,  but  not  the  most  economical,  method  of  preparing  these 
substances  is  to  add  a  slight  excess  of  calcium  hydrate  to  a  strong  decoe- 
tion  of  the  ground  bark  in  acidulated  water,  wash  the  precipitate  which 
ensues,  and  boil  it  in  alcohol.  The  solution,  filtered  while  hot,  deposits 
the  vegeto-alkali  on  cooling.  When  both  bases  ace  present,  they  may  be 
separated  hy  converting  (horn  into  sulphates  :  [he  quinine-salt  is  the  less 
soluble  of  the  I  wo.  a  ad  cry  si  allocs  first. 

Pure  cinchonine,  or  cinciiouia,  crystallizes  in  small,  but  beautifully  bril- 
liant, transparent,  four-sided  prisms.  II  is  but  very  feebly  soluble  in 
water,  dissolves  rcadih  in  boiling  alcohol,  and  litis  but  little  taste,  although 
its  salts  are  excessively  bitter.  It  is  a  powerful  base,  neutralizing  acids 
completely,  and  forming  a.  scries  of  crystulliz.able  salts.  Cinchonine  turns 
the  plane  of  polarization  to  the  right. 

Quinine  or  quina,  much  resemble-  ciiudmnioc :  it  does  noi  crystallize  so 
Well,  however,  and  is  much  more  soluble  in  water:  its  taste  is  intensely 
bitter.      Quinine  turns  iho  plane  of  polarization  loward  the  left, 

Cinchonine  is  composed  of      .  CfflH„N,0,  and 

Quinine  of      .         .         .         .         .         .         C^H^N^ 

Quinine  sulphate  is  manufactured  on  a  very  'are'o  scale  for  medicinal  use: 
it  crystallizes  in  small  white  needles,  c.-]i-oli  give  a  nculml  solution.  This 
substance  contain.-  iil.,..l,ll.,1N.J0.J .  WJL  .  7  Aq.  Its  solubility  is  much  in- 
creased by  the  addition  of  a  little  sulphuric  acid,  whereby  the  acid  salt, 
C„HJ(N,0- .  S04H,  .  7  Aq„  is  formed.  A  very  interesting  compound  lias 
been  produced  by  Dr.  Hevapath,  by  I  lie  act  inn  of  iodine  upon  quinine  sul- 
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phate.  It  is  a  crysiariiite  subst iiticc  of  :i  brillianl  emerald  color,  which 
appeal's  to  consist  of  ei.juat  equivalents  of  tin:  sulphate  of  quinine  and  of 
iodine.  This  remarkable  coni|jouud  possesses  Hie  optical  properties  of  the 
tourmaline  (p.  92). 

Ciuchoniiic  ami  quinine  \ield  wi'.ii  iiieihvl.  iodide,  compounds  represented 
respectively  by  the  formula!  Cull,1i(.,il3,N.,0.[  and  (.■!,1IL4;Cii3]K2OsI,  which 
are  converted  by  silver  oxide  into  seiubio  bases  analogous  to  tetrethyl- 
amrannium  hydrate. 

Quinidine.—In  matiiilVu'turiiij;  quinine  sulphate,  a  new  base  has  been  ob- 
tained, which  differs  from  quinine  in  some  of  its  physical  properties,  but 
is  said  to  have  the  same  composition.  It  has  been  described  under  the 
name  of  qmnidine,  and  appears  to  have  the  same  medicinal  properties  as 
quinine.  The  substance  has  been  carefully  examined  by  Pasteur,  whose 
researches  have  led  io  die  following  interesting  results : 

The  substance  which  is  found  io  commerce  under  iln:  name  of  quinidino 
is  generally  a  mixture  of  two  alkaloids,  of  which  the  one  is  isomeric  with 
quinino,  and  the  other  with  einchoniue.  Pasteur  designates  these  two  sub- 
stances respectively  as  i{>;iniiihi.-!  anil  e-in-hcitiilinr:  Thty  differ  from  quinine 
and  einehoniue  in  Severn!  properlies,  but  particularly  in  their  deportment 
with  polarized  light :  for  while  quinine  turns  the  plane  of  polarization  con- 
siderably toward*  lite  !■-/■',  quinidino  exerts  it  powerful  action  towards  the 
right.  Again,  while  einolioiiino  desleois  considerably  ['(wards  the  right,  the 
action  of  the  isomeric  eincnoiiidiue  is  in  the  oppnsiie  direction  — namely, 
towards  the  left.  It  is  evident  t  bat  quinine  anil  quiniUiutJ  on  the  one  hand, 
and  cinch oni dine  and  einehoniue  on  the  olher,  stand  iii  each  other  in  about 
the  same  relation  as  levo-  ittnl  dextro-iai'laric  acids  in.  ii~7).  Nor  are  the 
terms  wanting  which  correspond  so  racemic  acid.  1'asieur  has,  in  fact, 
proved  that  both  quinine  ami  quiub.line,  ami  likewise  ciuelionlne  and  oin- 
ohonidine,  are  peculiarly  modiiie.il  by  the  action  of  heat.:  exposed  for  sev- 
eral hours  to  a  temperature  varying  between  l.'-bpaml  l:i!PC.  (24S°-256°F.), 
quinine  and  quini.iiue  are  converted  into  a  third  isomeric  stlkaloid,  which 
l'asteur  terms  quiairitii;  while  oiuohonino  ami  ouichunuline  furnish  an  iso- 
merie cinrlioiudii/-  ii  inlet'  tbe  same  cireumsianees.  fn  racemic  aeid  the  right- 
handed  action  of  dextro-tai'tarie,  and  the  left-banded  notion  of  levo-tar- 
tario  acid,  are  exactly  balance:!,  racemic  acid  possessing  no  longer  any  ac- 
tion upon  polarized  Up; lit:  in  quinielne  and  ciucbonicine,  such  a  perfect 
balance  is  not  observed;  both  si  ill  exert  a  feeble  right-handed  action, 
which  is,  however,  very  slight  when  coiii]i:!re>l  with  the  rotatory  powers  of 
the  alkaloids  which  ,e;ive  rise  to  them.  The  following  table  exhibits  the 
relations  of  the  sis  alkalosis,  and  Iheie  analogy  with  the  racemic  group,  in 
a  more  conspicuous  manner: 

Quinine  Quinieine  Quinidine 

Left-handed,  Right-handed,  Right-handed, 

power/ally.  feebly.  very  powerfully. 

Cinchonine  Cinchonicinc  Cinchonidine 

Iii</i:t-li</:nkr?.  .};,'ffii!-l,iiii.d:'/l,  Lrft-huwkd, 

very  potverfiilly.  feebly.  powerfully. 

Dextro- tartaric  acid      liaecnsie  aeid  Levo -tartaric  aeid. 

Bight-handed.  neutral.  Left-handed. 

Chinvvline.  Qniiuadr,ie.  of  Ai.-  -/■  ■■'■■■■ :"-  '/■■■■■:n  ■',■/■■.  is  ct  nt, lined  in  the  refuse,  or 
mother-liquors,  of  the  quinine  manufacture.      In  its  purest  state  it  forms  a 

{cllow  or  brown  resin  like  ma-s,  insoluble  in  wntc.r,  freely  soluble  in  alco- 
ol  and  ether.  It  is  easily  soluble  also  in  dilute  acids,  and  is  thence  pre- 
cipitated by  ammonia.  Qninoulino  possesses  powerful  febrifuge  properties, 
and  is  identical  in  ooiiiposiilou  with  .juioinc.      It.  evldenth  bears  to  :ii.inino 
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the  awe  relation  thulnnerysmlli/alim  syrup  bears  to  ordinary  sugar,  being 
pro ilu cod  from  quinine  l>v  [In;  heal  employed  in  the  preparation. 

From  Cht&co-  or  Aric.a-Utri;..  and  likewise  iron;  tliu  Cinchona  ova/a,  orwhite 
quinquina  of  Coiidamino,  a  substance  denutninatcii  Aiicinn  or  Cinchovatine 
has  been  extracted  :  it  closely  vt.1  ^l-ii:I.jIi.-.~  cintiiouhie.  and  is  slid  to  contain 
C^HjjN^Oj.  This  formula  exhibits  n  close  niisi Losi-y  with  the  formula  oi 
cincfionine  and  quinine,      .Iricine  is  useless  in  medicine. 

Strychnine  and  Bruoine,  also  called  S-'n/rhuu  :;n:l  lin/c/a,  are  contained, 
together  with  several  sti'd  imperfectly  known  bases,  in  A'ux  vomica,  in  St. 
Ignatius'  bean,  anil  in  fnUr.  Anifusiurn  Lai!:,  Siryuluune  and  bruoine  arc 
generally  associated  with  a  peculiar  acid,  called  ,ynr.itri<:  arid.  Nux  vomica 
seeds  are  boiled  in  dilute  sulphuric  acid  until  they  become  soft:  they  are 
then  crushed,  and  Ike  expressed  liquid  is  mixed  with  excess  of  calcium 
hydrate,  which  throws  down  ihe  alkaloids.  The  precipitate  is  boiled  in 
spirits  of  wine  of  sp.  gr.  O-Hhl),  and  tillered  lint,  Strychnine  and  brucine 
are  then  deposited  together  in  a-  no  lured  and  impure  state,  and  may  bo  sep- 
arated by  cold  alcohol,  in  which  the  latter  dissolves  readily. 

Pure  strychnine  oryslaiiiMs  under  favorable  ci  renin  stances  in  email  hut 
e^ecditiglv  brilliant  oot  oh  eiii-al  crystals,  w  liicli  a  re  nan  spa  reiii  and  colnr- 
less.  It  has  a  very  hitter,  somewhat  metallic  taste  (1  part  in  I,(KMj,0(K) 
parts  of  water  is  siill  pi  roep:ibkj,  :s  slightly  se.uhlc  in  water,  and  fear- 
ful ly  rail  si;  no  us.  Ii  dissolves  in  hoi,  and  some  wind  dilute  spirit,  bin.  not  in 
absolute  alcohol,  ether,  or  solution  of  caustic  alkali.  This  alkaloidmay  be 
readily  identified  by  moistening  a  crystal  with  concent  rated  sulphuric  acid, 
and  adding  to  the  liquid  a  crystal  of  polassiuiu  bicbromate,  when  a  deep 
violet  tint  is  produced,  which  disappears  after  some  time.  Strychnine 
forms  with  acids  a  series  of  well-defined  salts,  which  were  examined  by 
Messrs.  Kielielson  and  Abel,  who  established  for  strychnine  ihe  formula 
C„II2!NaOa. 

Strychnine  forms  with  e:iiyl  iudidc  a  crystalline  compound,  C„liS5!CjH5) 
N.,0,1,  converted  by  silver  oxide  into  a  soluble  base. 

Brucme,  Cj,H„„\ ,(').,  is  easily  distinguished  from  (he  preceding  substance, 
which  it  much  resembles  in  many  respects,  by  its  ready  solubility  in  alco- 
hol, both  hydrated  and  absolute.  It  dissolves  also  in  about.  500  parts  of 
hot  water.      The  salts  of  bruoine  are,  for  the  most  part,  erystallizable. 

Veratrine,  or  Verfttria,  C3,11,,.X0>,  is  obtained  from  the  seeds  of  Va-atrnm. 
sah'.i'ii!-!ii.  Io  1  be  pure  stale  ii  is  a  whii  e  or  yellowish-  while  unwder.  w  liicli 
has  a  sharp  burning  taste,  and  is  \e-.ry  poisonous.  It  is  remarkable  for 
cec:iHi"iiiiij:  violent  sneezing,  ll  is  insoluble  in  wnlcr,  but  dissolves  in  hot 
alcohol,  in  ether,  and  in  acids:    ihe  solution  lias  an  alkaline  reaction. 

A  substance  called  colchicim,  extracted  front  (lie  C'^le'iicnn  nni'i-iminh,  and 
formerly  confiuniieu  with  veratrine,  is  now  considereii  distinct  :  its  history 
is  Ki.il!  imperfect. 

Harmaline,  Cl9l]14XO.  —  This  eovnpound  is  extracted  by  dilute  acetic 
acid  from  the  seeds  oi  the  I'l-jciivia  iii:nita!n.  a  plant  which  grows  abun- 
dantly on  the  Step  pen  of  Hc;i  thorn  Kit -si  a,  and  t  he  seeds  of  which  are  used 
in  dyeing.  When  pure,  it  forms  yellowish  prismatic  crystals,  soluble  in 
a  ha.  I  to!  a  n't  dilute  acids,  bin  scarcely  forming  ;:iy  sta.iijii'i'.e  salts.  1'y  oxi- 
dation it  gives  rise  to  another  Compound,  hun.mtn,  013ll ,  .N.,0.  which  also 
possesses  basic  properties. 

Caffeine,  or  Theine,  CgllmNjO...  —  This  remarkable  substance  occurs  in  four 
articles  of  domestic  life,  infusions  of  which  are  used  as  beverages  over  the 
greater  part  of  the  known  world — namely,  in  ten  ami  cetfee,  in  the  leaves 
of  Ouiiraiiu  oj/icin-jlis,  or  2''uit!/ima  co/lahc,  and  in  those  of  Ilex  1'aratjiiayensw ; 
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it  will  probably  be  found  in  other  plants.     A  decoction  of  common  tea,  or 

df  raw  cuffce- berries,  previously  crushed,  is  mixed  with  excess  of  soh.il.inii 
of  basic  lend  acclale.  The  solution,  filtered  from  the  copious  yellow  or 
(rvcciiigti  precipitate,  is  treated  with  suljihuroiied  hydrogen  to  remove  the 
lead,  then  filtered,  evaporated  to  a  small  bulk,  and  neutralized  by  ammo- 
nia,. The  caffeine  crystallizes  out  on  cooline;.  arid  is  easily  purified  by 
animal  charcoal.  It  forms  tufts  of  delicate,  wiiiie,  silky  needles,  which 
have  a  bitter  taste,  melt  when  heated  with  loss  of  water,  and  sublime  with- 
out decomposition.  It  is  soluble  in.  about  100  parts  of  cold  water,  and 
much  more  easily  at  i  he  boiling  heat,  or  if  an  lie  id  bo  present.  Alcohol 
also  dissolves  it,  but.  not.  easily.  The  basic  properties  of  caffeine  are  feo- 
ble.  The  salts  which  it  forms  with  hydrochloric  and  sulpliuriu  acids  are 
obtained  only  with  difficulty.  It  forms,  however,  splendid  double  salts 
with  platinum  tetrachloride  and  gold  trichloride.  The  products  of  oxida- 
tion of  caffeine,  which  have  been  studied  by  lieohloder,  arc  of  considerable 
Lntorest,  inasmuch  as  both  t.lieii'  composition  and  their  properties  establisli 
a  close  connection  hoi  v.-ecn  these  prod  io:s  and  (lie  derivatives  of  urie  acid. 
Under  the  influence  of  chlorine,  c:ii!t':  ne  yields  iiii>n!r  acid,  a  substance  of 
feebly  acid  propionics,  having  the  compositimi  i,f  hvdrated  totrametliyl- 
alloxantin,  C8(CII3'j.,rI,(\  .  Aq.  When  treated  with  oxidizing  agents,  it- 
yields  cholentrophaiu,  01llcV.,O3,  coircspondin^  to  parabanic  acid  of  the  urie 

acid  aeries.     Cholestropl ;  may  be  viewed  us  iiimeiliyl-parnbfttiic  acid; 

it  has,  in  fact,  been  obtained  by  digesting  silver  parabanate  with  methyl 
iodide : 

CjAgjNjO,  +   2CH3I  =  2AgI   -f-    C6HaNsOa. 

Lastly,  the  murexide  of  tlie  caffeine  series  is  formed  by  the  treatment  of 
amalic  acid  with  ammonia,  exactly  as  the  true  murcxidc  from  uric  acid  is 
formed  by  the  action  of  ammonia  upon  alloxatitin.  The  new  murexidc 
imitates  its  prototype,  not  only  ill  Composition,  hut.  likewise  in  the  green 
metallic  lustre  of  its  crystals,  and  the  deep  crimson  color  of  its  solutions. 

Theobromine.  —The  seeds  of  the  Theobroma  Cawi,  or  cacao-nuts,  from 
which  chocolate  is  prepared,  contain  a  crysl.alliy.i.ldc  principle,  to  which 
this  name  is  given.      It  is  extracted   in    the  same  manner  as  caffeine,  and 

■forms  a  white,  crystalline  powder,  which  is  much  less  soluble  than  the  last- 
named  substance.  It.  contains,  according  to  Glassoti,  CjtTgXjOj.  Theobro- 
mine is  easily  soluble  in  aqueous  ammonia  ;  by  adding  silver  nitrate  to  this 
solution,  and  bo ili hi;:,  a  crystalline  precipitate  of  siher-theobrornine,  0,11, 
AgN4Os.  is  obtained.  By  trout inc;  i  his  silver  compound  with  methyl  iodide, 
Srruciiji'  obtained  silver  Iodide  and  caffeine:  C.lkA«K,0..  j  Otl3I  —■  Agl 
-J-  C3H10N4O2,  which  may  be  extracted  with  alcohol.  Caffeine  must  there- 
fore be  regarded  as  methyl-theubromino.  Tlie  products  obtained  from 
theobromine  by  oxidation  appear  to  he  hoiuc'ogoiis  ivith  several  terms  of 
the  uric  acid  series. 

Xanthine,  CSH4N40,.  —  Xanthine  was  first  described  by  Dr.  Mareet  under 
the  name  of  xanthie  oxide,  which  lie  discovered  as  a  constituent  of  urinary 
calculi;  recently  it  lias  been  found  among  (lie  products  of  the  decomposi- 
tion of  guanine.  It  is  present  in  nearly  every  part,  of  the  animal  organism, 
ami.  although  in  very  minute  quantities,  in  urine. 

Xanthine,  accordion  In  Siri-cUer,  iuav  he  prepared  with  the  greatest 
facility  from  guanine  (p.  ToRj.  Potassium  nitrite  is  added  to  a  solution  of 
guanine  in  concentrated  nitric  acid  until  a  powerful  evolution  of  red  fumes 
takes  place:  the  solution  is  then  mi  seel  with  a  lane  quantity  of  water, 
whereby  a  yellow  substance  is  precipitated,  which,  after  washing  with  wa- 
"      A  solution  of  ferrous  sulphate  is  now  added 
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until  a  black  precipitate  of  iron  oxide  bogin.s  lo  appear.*  Tlie  still  power- 
fully amnion iacal  solution  is  filtered  ami  evaporated  to  dryness;  and  the 
residue  is  extracted  wiili  water  in  order  lo  separate  I  In;  ammonium  sulphate; 
Mien  dissolved  in  ainmoiiiii,  and  evaporated.  .Xanthine  is  a  white,  amor- 
phous powder,  difficultly  soluble  in  water,  soluble  in  acids,  with  which  it 
forms  crystalline  compounds.  The  sulphate  has  the  composition  yCjb^Nj 
Oi.  SOjllj,  Xanthine  dissolves  wiih  facility  in  ammonia,  and  potash.  Us 
characteristic  property  is  to  dissolve  ivilluu.t  o  volition  of  gas  in  nitric  acid, 
and  to  give  on  evaporation  a  deep-yellow  residue,  which,  on  addition  of 
ammonia  or  solution  of  potash.  usslltv.cs  a  yellow -roil  color.  By  treatment 
of  silver-xanthine,  C-U,Ag,r,-,U,,  with  methyl  iodide,  Htrecker  obtained  a 
body  isomeric  with  ineubreiulne,  ■. lJ.fLi.-i-i 1 1 li,  however,  in  its  properties  from 
that  substance: 

CsHsAgsN40i    +    2CH,I    =    2AgI    +     CrH8H40,. 

Sarcine  (Hypoxanthine),  BJIJRfi.  —  This  base  is  a  constituent  of  the 
flesh  of  vertebrata.  It  is  host,  prepared  from  the  mother -liquor  of  creatin 
(p.  902),  by  diluting  with  writer  am!  boilinK  with  euprie  acetate,  whereby 
the  saroine  is  proc:  pit  riled  in  combinalion  wilh  cuprio  oxide.  This  preci- 
pitate is  dissolved  in  nitric  acid  and  mixed  with  silver  nitrate;  the  crys- 
tals, a  compound  of  sarcine  nitrate  with  silver  nitrate,  are  purified  by 
re-crystallization  from  nitric  acid,  and  arc  then,  by  ebullition  with  an  am- 
moniacal  solution  of  silver  nit.rale,  converted  into  flic  compound  of  sarcine 
with  silver  oxide,  <...-H..N,0  .  .Ag.,0,  which  is  decomposed  by  sulph.ureited 
hydrogen. 

Saroine  forms  delicate  wbiie  microscopic  necuics,  difficultly  soluble  in 
cold  water,  easily  soluble  in  boiling  water,  in  dilute  acids,  ammonia,  pot- 
ash, and  baryta- water.  Sarcine  forms  cryst.allijublt'  salts,  containing  1 
cqiuvaleni  nf  acid.  It  unites  wil  h  bases.  liUe  guanine,  tormina;  crystalline 
Compounds  containing  2  equivalents  of  metallic  oxide. 

Guanine,  CsHsNsO. —  This  base  was  first  obtained  from  guano;  it  has 
also  been  proved  lo  exist  in  tin:  pane  rear  !c  juice  of  mammalia,  and  in  the 
excrement  of  the  spider.  To  prepare  it.  guano  is  boiled  with  water  and 
calcium  ludrato  uir.il  a  portion  of  I  lis  liquid,  when  tiiiereii,  appears  but 
si  i -Inly  ijnloeed  :  the  who  in  is  then  tittered,  and  ine  fillriiTC  sninri.tea  wit!; 
acetic  aeid,  whereby  i.he  guanine  is  prooipilated,  raided  "with  uric  acid.  It 
is  purified  by  solution  in  hydrochloric  aeid  and   precipitation  by  ammonia. 

Guanine  is  a  colorless,  crystalline  pander,  insoluble  In  water,  alcohol, 
ether,  and  ammonia,  soluble  in  acids  am!  solution  of  potash.  With  acids 
it.  forms  ery.slalliinblo  salts  con! nining  1  and  'A  equivalents  of  acid  :  it  com- 
bines with  bases  to  crystalline  compounds  oouiai  nlr.g  _  equivalents  of  metal- 
lic oside. 

G-uaniiio,  sarcine,  and  \-anl.hine  bear  a.  great  .'■eseiiiii'aneo  to  en.'-h  niher. 
and  are  all  found  in  the  animal  organism,  (inauine,  on  account  of  its  in- 
solubility in  water  and  ammonia,  may  easily  tie  separated  from  I.he  two 
oilier  substances.  To  separate  xanthine  ami  sarcine,  they  are  convened 
into  the  hydrochlorides,  which  are  treated  with  warm  water:  .xanthine  hy- 
drochloride is  so  little  so'.ublc  in  that  liquid,  that,  it  may  easily  be  separated 
from  the  admixed  sarcine  hydrochloride. 

Guanidine,  CIIr,Ns  — This  substance  is  prepared  from  guanine.     Guanine 

is  treated  with  hydrochloric  acid  ami  poirissinm  chbiraio,  whereby  it  is  eon- 
verted  into  a  mixture  of  gun.ni'line  and    parabanie   acid.      As  soon  as  the 

guanine  is  eomuhoelv  dissolved,  the  liquid  is  evaporated  til!   the  parabanie 


salt  for  this  pnrpoae. 
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acid  las  crystallised  out,  The  mnihcr-liijuor  is  treated  with  a  mixture  of 
alcohol  anil  ether,  ninth.  separated  from  the  residue  anil  evaporated, 
yields  on  evaporation  the  cirudt  g-iuuikliuo  liyilroobloride.  The  hydro- 
chloride may,  by  digestion  with  silver  sulphate,  be  convened,  into  the 
sulphate,  and  the  latter  finally  into  the  free  base  by  addition  of  baryta- 

(lUMjidioe  thus  prepared  forms  colorless  crystals,  readily  soluble  in  water 
nnii  alcohol;  the  solution  has  a  powerfully  alkaline  i-ua.oi.ion.  It  absorbs 
Carbonic  acid  from  the  air,  forming  n  carbonate  2('l]sNa  -  11,00,,  which  has 
an  alkaline  reaction,  and  crystallines  in  square  prisms.  The  transforma- 
tiun  ut"  guanine  into  parabaulc  acid  and  guanidinc  is  represented  by  the 
following  cuiuit.Lon  : 

C5HsN60    +    03    +    H,0    =    CjH^jO,    +    CII5N,    +    COr 

Tri/ thy tgiuinidine  — The  action  of  sodium  alcohol  upon  ethyl  cyanate  or 
cyanurate  gives  rise  to  a  base  having  I  lie  composition  C;1IWN3,  which  is 
that  of  triethylguanbliuo  (earbotrietliyltriamine).  It  is  formed  according 
to  the  foil  owing  equation: 

3CN(C2II6)°  -f  2C,HsNaO  =  C,H„N3  +  2CSH4  +  CO,  -|-  N^CO* 

Creatin,  C4HeN,Os .  2  Aq.—  Creatin  was  first  observed  hy  Chevreul,  and 
has  been  studied  very  ci  refully  by  Li  obi g.  win.)  obtained  it  from  the  soup 
of  boiled  meat.  II  is  prepared  frnni  (lie  juice  of  ra«  llesh  hy  the  follow- 
ing process:  A  large  quantity  of  lean  flesh  is  cut  up  into  shreds,  exhausted 
by  successive  porrions  of  cold  water,  strained  and  pressed.  The  liquid, 
which  has  an  acid  reaction,  is  bentcd  lo  coagulate  albumin  and  coloring 
matter  of  blood,  and  passed  tbrougli  a  cloth.  It.  is  then  mixed  with  pure 
baryta-water  as  long  as  a  prceipitato  appears,  filtered  from  the  deposit  of 
phosphates,  and  evaporated  in  a  waler-bai  h  to  a  syrupy  state.  After 
Standing  some  days  in  a  warm  situation,  the  ereatin  ia  gradually  deposited 
in  crystals,  which  are  easily  unfitted  by  re-solution  in  water  and  digestion 
wiiii  a  little  animal  charcoal.* 

When  pure,  crentiti  forms  colorless,  brillia.tii.  prismatic  crystals,  which 
become  dull  by  loss  of  water  at  1(10°.  Tliey  dissolve  readily  in  boiling 
water,  sparingly  in  cold  water,  and  are  hut  little  soluble  in  alcohol.  The 
aqueous  solution  has  awea.lt  bitter  ta.ste,  followed  by  a  somewhat  acrid 
sensation.  In  an  impure  slate  the  solulion  readily  pnrrefies.  Creatin  is  a 
neutral  body,  not.  combining  either  with  acids  or  with  alkalies.  In  the 
crystallized  state  it  contains  I^M^NjOj  .  2HjO. 


water.     The  new  substance  fi 
more  soluble  in  water  than  crea 
forms  crystalliz&blc  salts  with  a- 

Creatinine  prc-e-sists  to  a  small  o-ioiit.  in  me  j nice  oi  nesn,  together 
with  lactic  acid  and  other  bodies  not  \  et  perfectly  examined.  It  is  also 
found  in  conjunction  with  ereatin  in  urine. 

Sarcosine,  C,H,NO.:,  formed  by  boiling  ereatin  with  baryta -water,  lias 
the  composition  of  meihyl-gtycoeinc  or  nielhyl-aiaidaeet.ic  acid,  C,,H,(CH-) 
N02,  and  lias  been  already  dc-orihed  auu.'ig  llie  derivatives  of  acetic  acid 
(p.  614). 


ntlier-liqniil  freiM   ll.il.   IV--.ni  vliidi  tin-  erealiii 

lui-i  In....]!  :t..[ir*il. 

mjiuri.tious  contliti 
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Berberine,  CgH^XOj,  is  a  substance  crystallising  in  fine  yellow  needles, 
slightly  soluble  in'  water,  cxlracted  from  the  root  of  the  Herberts  vulgaris. 
It  has  feeble  basic  properties.  This  musl  nut  bo  ouu  founded  with  bd:eeri.n<t, 
an  uncryatallizahlc  basic  snbsiauee,  from  i  he  burl;  uf  (he  yrccn-kcart  tree  of 
Guiana,  which  has  the  composition  C^H^NOj. 

■  PiperiiiB,  C31 II asN ,(.),-.  —  A  colorless,  or  slightly  yellow  crystallUable  prin- 
eiple,  extracted  from  pepper  tiy  the  aid  (if  ;i!coliol.  It  is  insoluble  in  water. 
Piperine  readily  dissolves  in  ueids;  defiiui.e  eurenounds  avc,  however,  dif- 
ficult to  obtain. 

Conino  ( Conicine,  or  Cvnia),  Tlieotine,  and  Sparteine  differ  from  the  other 
vegetable  bases  in  physical  oiuirmai'rs  ;  ihoy  are  volatile  oily  liquids.  The 
first  is  extracted  from  hemlock,  die  second  from  Inhneco.  and  tho  third 
from  broom  {Spariium  Scoparimii) .  They  ngrec  in  most  of  their  characters. 
having  high  boiling  points,  very  poisonous  proport-es.  si  rung  alkaline  reac- 
tion, and  the  power  of  fnrmino;  erystuiliKnblc  -?;l11  s  with  aoids.  The  for- 
mula of  nieoline  is  CJI^N.. ;   t.hii.r.  of  comuc,  CfiH,,,X  :   ami  that  of  sparteine, 

CujHjjNy 

Closely  allied  to  Conine  is  rov.iujdniij,  (.^ll^NO.  :i  crystalline  base,  ex- 
tracted by  Wertheim  from  hemlock.  When  distilled  with  anhydrous  phos- 
phoric :n!iil,  it  splits  into  Conine  and  one  molecule  uf  water. 

A  mixture  of  nicotine  willi  meilivl  or  eilivl  iodide  solidifies  after  a  short 
time  to  crystalline  .misses,  e.-ouainin^^Jl^Vll,),^,  and  Online,!!,),!?,!,, 
convertible  by  silver  oxide  inlo  soluble  bases. 

Conine  is  a  see  miliary  tumiiimiiie.  Treated  villi  otiiyl  iodide,  it  yields 
Successively  two  ioilmo-eompoimds  —namely,  CB'H]5i'C;Il0lNI  and  C8!1|,(CS 
IIs)aNL      The  latter  is  converted  by  silver  oxide  into  a  soluble  base. 

There  are  very  many  oilier  uudios,  mure  nr  less  perieoily  known,  having 
to  a  certain  extent  the  properties  of  alkaloids :  tin;  following  statement  of 
the  names  and  mode  ol  eueurrenee  of  a  rev.-  uf  them  must  suffice. 

Hyoscymnine  (D<i.turnw). —  A  white,  crystaltizable  subsiance,  from  Hyos- 
r.i/iimiis  -niger ;   it  occurs  likewise  in  Dniuru  Utriimimium. 

Atropine,.  —  Colorless  needles,  IV err;  Jl,-'ij>n  lUihidniimt ;  formula  C|,HaNOa. 

Sol/mine.  —  A  pearle.  ervstnlline  substance,  from  various  sobinaecous 
plants;   formula  C,J1I,.]M")]0  (!;  (p.  582). 

Aconitiae.  —  A  glassv.  Irausparem  miiss.  IV em  ..  \a,nilu!n  Xupdlus ;  formula 
C„H„NO,. 

.OnlpMmne. — A  yellowish,  fus'dle  substance,  1 1 ■  ■:.. i i i  the  seeds  ol  Dfljifuinnni 
Slaphtiagria.. 

Emetine.  — A  while  and   nearly  i  a  stolen  powder  from  ipecacuanha  root. 

Ciiriiiiiic.  —    The  arior.-pji-ou  of  (.'e.ntinl  America. 


III.  —  Phosphorus,  Antimony,  and  Arsenic  Bases. 
Phosphorus,  antimony,  and   arsenic  being,  like  nitrogen,  either  trivalent 
or  quinquivalent,  are  capable  uf  lur'ni:);'.:  (ion  |-,(,  ends  analogous  to  the  amines 
'  lm  salts.      A  lew  of  these  remarkable  oompounds 
the  following  paragraphs. 


,y  Google 


ANTIMONT    : 


... respond  it:  composition  with  I  he  lln-oo  hydrides 
vi*.,  Pj(CH3),  P(CH,\„  and  l-'i'CIl,)-;  these  bodies  were,  however,  but  very 
imperfectly  investigiued.  More  recently  Cahours  and  Hofmann,  by  sub- 
jecting sinc-metJiyi  find  iinc-ethyl  to  tlio  action  of  phosphorus  trichloride, 
have  obtained  saline  compounds,  from  which,  by  i)i^' illii.tion  with  potash, 
the  bases  P(CHa)3  ami  I'vOJljjj,  anakittous  to  the  tertiary  ntonammes,  may 
be  Jilljej.-af.ed ;   thus; 

8Zn(C,HO,      +      2PC15 

Zinc  ethyl. 

Thriethylphosphine,  CaH]SP  =  P(CiH„)r  —  This  substance  is  a  colorless 
oil  having  a  very  pcuer.ratiti^  phosphorus  ti:l-;-i--  ami  boiling  at  133°.  It  ia 
slowly  oxidized  in  atmospheric  air.      Tho  vapor,  heated  with  air  or  oxygen, 

explodes.  In  chlorine  pas  it  burns  wiili  separation  of  carbon,  hydro- 
chloric acid  and  pho-phortis  peiuaciihKhlc  heinjj  produced.  With  acids 
it.  forms  crystalline  comnouec.is,  which  are  viivy  deliquescent.  lVjl.lt  iodide 
iif  methyl,  ethyl,  and  amyl,  it.  solidifies  after  a,  few  moments  (o  crys- 
talline compounds,  containing;  respectively  1\r,ll0:;;if'ri,)T,  P(C?H„)4I,  and 
P((!2lls),''(!5lIn)I,  which  are  decomposed  by  silver  o\i>.le,  yielding  power- 
fully alkaline  liquh  Is.  containing-  the' nydvates  I'f'Cil,:,;  eila((OH),  P(CSH6)4 
(OH),  and  P(C2H - >., ( (Vi I . ,  iOll.  which  in  every  rospcci  resemble  hydrate  of 
tetrelhyl  ammonium  and  iis  homologues. 

Trimethyiphosplune,  t'a[lsl'  =  I'fl.'ll,).,.  —  This  substance  is  very  similar 
to  the  corresponding  ethyl-base,  but.  more,  volatile.  When  left  in  contact 
with  atmospheric  air,  it.  forms  an  oxide  which  crystallizes  in  beautiful  white 
needles.  With  iodide  of  methvl,  ethyl,  and  ntuvi.  it-  yields  the  iodides 
P(CHK)J,  P(CH3},,(i;jl.)l.,  ami  i'fl.'U.Jjlf.VU,,)!,  fvom  which  three  analogous 
hydrates  may  be  produeed  by  means  of  silver  Oxide. 


ANTIMONY  BASES  w  STIBINBS. 

Triethylstibine,  or  Stibethyl,  Sh(OJl5)j,  is  obtained  by  distilling  ethyl 
iodide  with  an  alloy  of  antimony  and  potassium.  It  ia  a  transparent,  very 
ntobilo  liquid,  having  a  penel  raring  odor  of  onions.  It  boils  at  158°  C. 
(31fiQ  P.).  In  Boutins!  wiili  at.uiospherie  air,  it  emii.s  a  dense  white  fume, 
and  frequently  even  takes  fire,  burning  with  a  v.diit.e  brilliant  flame.  It  is 
analogous  in  many  of  its  reactions  to  I  riclhyiaioino,  but.  has  much  more 
powerful  combirih.it  tendencies,  uniting  readily  with  two  atoms  of  chlorine, 
bromine,  or  iodine,  and  1  atom  of  oxygen  or  sulphur,  thereby  forming 
Compounds  in  which  the  antimony  is  qoiuquivaloiil.  such  as  Shv[C1i\s)3V,\.J, 
8b"(CaH.)s0",  &o.  The  same  tendency  to  act.  as  a  hi  vale  til -radical  is,  how- 
ever, exhibited  by  I  ricthyl  amine,  which,  tboajdi  it  does  not  unite  directly 
with  cleinantary  bodies,  can  neverijieiess  tabu  up  a  molecule  of  hydrogen 
chloride,  ethyl  iodide,  i.e..  likewise  producing  compounds  in  which  the 
nitrogen  is  quinquivalent,  e.y.,  M'((.'all,i,il('l,  ^ ((.!,, H,;,! 0^)1,  &o. 

Stibethyl  oxide,  Sb{t.:jin)jO,  forms  a  visei'l  transparent,  mass,  soluble  in 
water  and  alcohol.  It  is  extremely  bitter  and  not  poisonous.  It.  cannot  be 
volatilized  without  decomposition.  li  combines  wiiU  acids,  giving  rise  to 
cryst.allizable  salts  containing  two  equivalents  of  acid. 

Stibethyl  aulphid,;  SbiCJljiix —  . Beautiful  crystals  of  silvery  lustre,  solu- 
ble in  water  and  alcohol.  Their  taste  is  bitter,  and  their  odor  similar  to 
that  of  mercaplan.  The  solution  of  this  compound  exhibits  the  deport- 
ment Of  an  alkaline  sulphide:  it  preeini:ates  metals  from  their  solutions 
64* 
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as  sulphides,  a.  soluble  salt  ol  Btibethyl  being  formed  at  the  some  time.: 
This  deportment..  indeed,  affords  I  he  simplest  means  of  preparing  the  salts 
of  stibethyl. 

Stibethyl  chloride,  Sb(Cal]B;8C!a. -~  (Jolwlus-s  liquid  having  the  odor  of tur- 

Slibethyl  iodide,  Sb(C.,ll5)afr  —  Colnvisss  needles  of  intensely  bitter  taste. 

The  analogy  of  tricuiylsiibiric  with  Irieihylauiiue  is  licit  exhibited  in  its 
deportment  with  ethyl  iodide.      The  two  substances  i:  win  bine,  forming  a  new 
iodide,  containing  SIj:  i'-.Tl,;.,!.  from  which  silver  oxide  separates  a  po  iverii.il 
alkaline  base  analogous  to  tct.rethyl-ammonium  hydrate: 
N(CjH,)4(OH)  Sb(C,Hs)4OH. 

A  series  of  analogous  substances  exist,  in  the  methyl  series.  They  hare 
been  examined  by  Landolt,  who  has  described  several  of  their  compounds, 
and  separated  the  tuelhyl-anti nj-tmse  corresponding  to  tetram  ethyl- 
ammonium  hydrate. 

The  iodide,  Sb;L'.tl,i,l.  produced  by  tlie  action  of  methyl  iodide  upon  tri- 
methylstibine,  S'o(Gi.l3i3,  cryslalli/cs  in  whim  six-sided  tables,  which  are 
easily  soluble  in  water  and  alcohol,  :iml  slightly  soluble  in  ether.  It  has 
a  very  bitter  taste,  and  is  decomposed  by  Hie  ari  ion  ol'  beat.  When  treated 
with  silver  oxide,  it  yields,  a  powerfully  ;il];alim:  solution,  exhibiting  all  the 
properties  of  potasli,  from  which,  on  evaporalion,  a  white  crystalline  mass, 
the  hydrate  of  utriisufthiUiiliowum,  Sl!;('-Il3j.,!t)M),  ei-VMalliv.es.  This  com- 
pound forms  an  acid  suit  with  sulphurio  acid,  whioli  crvslallir.es  ill  tables. 
*,sSb(CH,,)4rISO,. 


Triethylarsine,  As(CaJlal3,  is  produced  by  distilling  an  alloy  of  arsenic 
and  sodium  with  ethyl  iodide.  At  the  same  i  inui,  also,  iliere  is  formed  an- 
other body,  containing  As  ,:l !  ,11.,'i.,.  analogous  lo  &tbi  odiioetltyl  or  cacodyl. 
Both  compounds  are  liquid's  of  powerful  odor;  they  may  be  separated  by 
distillation  in  an  atmosphere  of  carbon-dioxide,  (he  l.vietliylarsinc  passing 
oyer  last. 

Trioi  liylorsino  may  he  obtained  pure  by  a  process  analogous  to  that  em. 
ploy  ei.l  f.,r  the  preparation  of  i.rieth  vlphosphine,  namely,  by  disl  ill  dig  arse- 
uioos  chloride.  _\s(  'I,,  wit  li  zinc- ethyl,  it  is  a  colorless  liuuid  of  most,  dis- 
agreeable odor,  similar  to  that,  of  arseuoitcil  hydrogen,  soluble  in  water, 
alcohol,  and  ether,  anil  boiling  at  UfP.  Trietbylarsiue  combines  directly 
with  oxygen,  sulphur,  bromine,  and  iodine,  giving  rise  to  a  series  of  coni- 
pounds  containing  i  atoms  ol'  bromine  or  iodine,  1  atom  of  sulphur  or  oxy- 
gon, anil  analogous  to  (bo  corresponding  compounds  of  triel  liylslibine.   ■ 

Triethylarsine  submitted  to  the  action  of  ethyl  iodide  yields  a  crystalline 
compound,  As(C.,H6\T,  from  which  freshly  precipilaled  silver  oxide  sepa- 
rates the  corresponding  bydrate,  Asi'fyTr/i.t'HI,  a  powerfully  alkaline  sub- 
stance, similar  to  the  corresponding  nil  regen- ,  phospborus-,  and  antimony- 
compounds. 

Analogous  substances  exist  in  the  methyl  series.  Trimethylarsine, 
AsfCHjJj,  is  formed,  together  with  ai-seudi  methyl  or  cacodyl,  As2(Clis!,, 
when  an  alloy  of  arsenic  and  sodium  is  submitted  to  the  action  of  methyl 
iodide.  It  unites  with  methyl  iodide,  producing  letramethylarsonitim 
iodide,  As(CHs)(I,  from  which  silver  oxide  separates,  the.  hydrate,  As(CIIs)4 
OH.  The  iodide  just,  men  I  inner!  is  formed.  together  with  iodide  of  cacodyl, 
when  cacodyl  is  acted  open  by  methyl  iodide: 

Aa2VCII3)4       +        2CH3T       =       As(CfW       +       MCHjlj 
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T.y  se.hsnivitin"  nt'ivl  iodide  for  methvl  iodide  in  this 
pound  .\^((.UI3)vfn.,IJ4')J  is  formed.  All  thp.se  iodides, 
silver  oxide,  yield  the  cnwosooiiding  hydrates. 

Arsondiutcihyl  and  arsenmnnotuclliyl  "'ill  he  most  con 
in  this  place,  though,  they  do  not  strictly  belong  to  the 
least  when  in  the  free  stale. 

As'"(CH3)2 
Arsendimethyl  or  Cacodyl,  As,(CH,),,  or    J  .  —  The  arsenic  in 

Aa"'(GHs), 

thia  compound  is  still  trivulotd,  one  unit  of  equivalence  of  each  of  the 
arsenic-atoms  being  satisfied  by  combination  with  the  oiher,  just  !ia  in  the 
solid  hydrogen  arsenide,  As.,ll4  (p.  4:23).  When,  however,  the  arsendi- 
methylcombinos.wit.il  chlorine  or  other  monalomie  radicals,  the  molecule 
splits  into  two  ;  thus  : 

AsfCHJ,        +         CI,        =         2AS'"(CH3)2C1. 


■  Cacodyl,  so  called  from  its  repulsive  odor,  constitutes,  together  with  its 
products  of  oslditUi'ii,  the  spontaneously  inflate limbic  liquid  known  us  Ca- 
det's fuming  liquid,  or  Alkarsin.  This  liquid  is  prepared  by  distilling  potas- 
sium acetate  with  arsenions  oxide.  Equal  weighU  of  these  two  substances, 
both  well  dried,  are  intimately  mixed  ami  bnvodueed  into  a  glass  retort 
connected  with  a  enndeuser  aud  tabulated  receiver  cooled  by  ice,  a  tube 
being  attached  to  the  receiver  to  carry  away  (lie  permanently  gaseous  pro- 
ducts to  some  distance  from  the  oxperitftciilor.  Heat  is  thou  applied  to  the 
retort,  which  is  gradually  increased  te  redness  At  Hie  close  of  the  opera- 
tion, the  receiver  is  found  (<>  contain  (wo  Liq-.ti.ls.  besides  a  quantity  of  re- 
duced arsenie:  the  heavier  of  these  is  the  evade  oaeodyl ;  the  other  consists 
chiefly  of  water,  acetic  acid,  and  acetone.      The  pi..*  given   off  during  the 

dis!  illai  inn  is  principally  earl lioiidc.      'I.'he  crude  caeoiiyl  is  iapiailodly 

washed  by  agitation  with  water  previously  freed  from  air  by  boiling,  and 
afterwards  redistilled  from  potassium  hydrate  in  a  vessel  tilled  with  pure 
hydrogen  gas.      All  those  operations  mast  he  conducted  itt  the  open  air. 

I'urc  eaeodyl  is  obtained  by  dofoiiipnsln^  the  eh  aitide  with  metallic  line, 
dissolving  out  the  >.ine  c id  arid e  wirli  water,  and  dehydrating  the  oily  liquid 
with  calcium  chloride,  The  strong  iendeat-y  nf  cac.nlyl  to  lake  tiro  iu  the 
air,  and  the  extremely  unisonous  character  of  its  vanors.  render  it  neces- 
aary  to  perform  all  the  distillations  iu  scaled  vessels  lillod  with  dry  carbon, 
dioxide.  Bunsen,  to  whose  .skill  ami  perseverance  wo  arc  indebted  for  the 
discovery  of  this  veiiiaeknble  compound,  proceeds  as  follows: 

1.  A  dilute  alcoholic  solution  of  alkarsin  is  cautiously  mixed  with  an 
equally  dilute  solution  of  mercuric  chloride,  avoiding  an  excess  of  the  lat- 
ter; a  white  crystalline,  inodorous  precipitate  then  falls,  containing  As, 
(CHj)jO  .  HgCI2:  when  this  is  distilled  with  concent  rated  hydrochloric  acid,. 
it  yields  mercuric  chloride,  water,  and  c.vrWy/  U<fori*k.  which  distils  over. 
The  product  is  left,  for  some  time  in  contact,  with  calcium  chloride  and  a 
little  quicklime,  aud  then  distilled  alone  in  an  atmosphere  of  carbon 
dioxide. 

2.  To  obtain  free  cacodyl,  the  pure  anhydrous  chloride  is  digested  for 
three  hours  at  a  temperature  of  100°  with  slips  of  clean  metallic  line  con- 
tained in  a  bulb  blown  upon  a  glass  lobe  previously  filled  with  carbonic 
acid  gas,  and  hermetically  sealed.  The  metal  dissolves  quietly  without 
evolution  of  gas.  When  the  action  is  complete,  and  the  whole  cool,  the 
vessel  ia  observed  to  contain  a  white  saline  mass,  which,  on  the  admission 
of  a  little  water,  dissolves,  aud  liberates  a  heavy  oily  liquid,  the  cacodyl 
itself.  This  is  rendered  quite  pure  by  distillation  from  a  fvosh  qoanHiy 
of.  zine,    the   process   being   conducted    in    the   little   apparatus   shown   in 
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fig.  1  ')'j,  which  is  made  from  a  piece  of  glass  Lube,  and  is  intended  to  serve 
Hie    purpose  both  nf  retort,  unrj  receiver.      The   zinc   in   introduced  into  Hie 
upper   bulb,  and   the   lube    drawn    out    in    Hie   manner    represented.      The 
whole  is  then  fiijeii  with  carbon   dioxide-.,  and   the   lower 
J^j.196.  extremity    put.    into    communication    with   a   little    hand- 

syringe.  On  dipping  tins  point  «  into  the  mule  eaeodyl, 
and  nicking  a  slight,  movement  of  exhaustion,  the  liquid 
is  drawn  up  into  the  bulb.  Both  extremities  are  then 
sealed  in  (lie  blowpipe  flume,  and  after  a  short,  digestion 
at  100°,  or  a  little  above,  ilio  pure  cacodyl  is  distiller!  off 
into  the  lower  bulb,  which  is  kept  cool.  "  It.  forms  a  color- 
less, transparent,  xliin  liquid,  much  resembling  alkarsin 
■'■  -,  and  surpassing  that  substance  in  intbiujiiiisbilhy. 


When  poured  i; 


..xv,.:;,,    g 


nstantly:    the  same  thing  happens  with  chlorine.      Willi 
very  limited  access  of  air  il  throws  oil'  while  fumes,  pass- 
ing into  oxide,  and  eventually  into  oaoodvlic  acid.      Caco- 
dyl boils  at  ITU"  C.  (:.it!V  I'.i,  and  when  cooled  to —6°  C. 
(21°  r'.),  crystallizes  in  large,  transparent,  square  prisms. 
It- combines  directly  also  with  sulphur. 
Cacodyl  is  deeon.-.posed  m.  a.  tempera -/are  below  rei.lt, ess  into  metallic  arse- 
nic, and  a  mixture  of  2  measures  of  marsh-gas  and  1  measure  of  ethene 
gas. 

The  powerful  combining  tendencies  of  caccdyi  indicate  that  it  is  an  un- 
saturated compound  :  il  can,  in  fact,  lake  up  2  atoms  of  a  monad  or  1  atom 
of  a.  dvad  element,  forming  compounds  lilie  the  chloride,  .Is/CiljiiOl.  :^- 
2As(CH3)sCl,  and  the  oxide,  As.jl'l].,),!!,  in  which  Hie  arsenic  is  irivalent; 
or  again,  0  atoms  of  a  monad  or  '.',  a  Joins  of  a  dyad  clement,  forming  com- 
pounds like  the  trichloride,  A^CH^Cl,.  —  HAsjCHjU'^,  in  which  arsenic 
is  quinquivalent.  These  last-mentioned  bodies  are  the  most  stable  of  all 
the  cacodyl  compounds. 

Cacooyi,  Chloride,  or  ABSEN-ciii.onrnJiMK'i'iiiiiE,  As"'(0Hs)!1Cl,  prepared 
as  above  described,  is  a  colorless  liquid,  which  docs  not  fume  in  the  air, 
but  emits  an  intensely  poisonous  vapor.  It  is  heavier  than  water,  and  in- 
soluble in  that  liquid,  as  also  in  ether;  alcohol,  on  the  other  hand,  dis- 
solves it  with  facility.  The  boiling  point  of  this  compound  is  a  little  above 
100°;  its  vapur  is  colorless,  spuin  uncc'islj  influx. mrUc  in  the  air,  and  has 
a  density  of  4'56.  Dilute  nitric  aoid  dissolves  the  ohloi  ide  without  change; 
with  the  concentrated  acid,  ignition  anil  explosion  occur.  Cacodyl  chloride 
combines  with  cuprous  chloride,  forming  a  white,  insoluble,  crystalline 
double  salt,  containing  As.,;  i  ■['l.,i,(',l.,  .  Cu',Ct., ;   also  with  cacodyl  oxide. 

Cacodyl  chloride  forms  a  hydrate  which  is  thick,  viscid,  and  readily  de- 
hydrate! Il y  calcium  chloride. 

CAOOCYL'iauiHi.oittDn,  AsT(OH,V,l :l3,  is  produced  by  the  action  of  phos- 
phorus poniachlorido  on  cacodylic  acid: 

Ab"(CH,)sO"(OH)  +  2I>C16  =  AsjCHjJjCl,  +  2POC1,  -f  HCL 
Also  by  the  action  of  chlorine  ga.s  on  the  niotiochloride.      Prepared  by  the 
first  method,  it  forms  splendid  large  prist  tin-tic  crystals,  which  however  are 
very  unstable,   bcins  instantly   decomposed,    at.  temperatures  between  40° 
and  50°  C.  (104.-12^  !■'.),  in  to"  methyl  chloride  and  arscn-monomethyl  chlo- 

As»(CH3)2Cl3        =        CH„C1        +        As'"(CHa)Cls. 

Cacodyi  Iodiue.  Asi'O'Hji.J,  is  a  thin,  yellowish  liquid,  of  offensive  odor, 
and  considerable   specitic    gravity,    prepared    by    distilling    alkarsin   with 
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Strong' solution  of  liydr iodic  acid.  A  yellow  cvysbil  he  substance  ia  formed 
lit  file  same  time,  which  is  an  oxyj.ouide.  C-.iv.i.ih/l.  hroinmc  and  fiuoride  have 
also  been  obtained. 

Cacodyl  Cyanide,  As(Cll;ti,CN,  is  easily  formed  by  distilling  alkarsin 
with  strong  hydrocyanic  uoid.  or  mercuric  cyanide.  Above  32-7°  C.  (9(1° 
P.),  it  is  a  colorless,  ci  hereal  liquid,  but.  below  that  temperature  it  crys- 
tallizes in  colorless  four- sided  prisms,  of  beautiful  diamond  Lustre.  It  boila 
at  about  140°  C.  (^fii3  I1'.),  and  is  bur  slightly  soluble  in  water.  It  requires 
to  bo  heated  before  inflammation  occurs.  Tim  vapor  of  this  substance  is 
most  fearfully  poisonous:  the  atmosphere  of  a  room  is  said  to  be  so  far 
contaminated  by  the  c-v:i [ioi-iii insi  of  a.  lew  grains  of  it  as  to  cause  instan- 
taneous numbness  of  the  Lands  and  feet,  vertigo,  and  e 


s  allowed  access  to  an  aqueous  salutien 
of  alkarsin,  so  slowly  that  no  sensible  rise  uf  temperature  follows,  that 
body  is  gradually  eouvcrted  into  a  illicit,  syrupy  liquid,  fall  of  crystals  of 
cacodylio  acid.  On  dissolving  this  mass  in  water,  and  distilling,  water  hav- 
ing the  odor  of  alkarsin  passes  over,  and  afterward  an  oily  liquid,  which 
is  the  cacodyl  oxide.      Impure  cacodylio  acid  remains  in  the  retort, 

Cacodyl  oxide,  purified  by  reel ilieui ion  from  caustic  baryta,  is  a  color-. 
less,  oily  liquid,  liiiviii jr  a  pungent  O'lor,  sparingly  soluble  in  water,  and 
boiling  at  ViO"  C.  (a-lti51  1'.),  SN-ongiy  re s em  V. in  a;  alkarsin  in  odor,  in  its 
relations  to  solvents,  and  in  the  greater  number  of  its  reactions;  but  it 
neither  flimes  in  the.  air,  nor  takes  tire  at  common  temperatures :  ita  vapor 
mixed  with  air,  and  heated  to  about  S8!1  C.  (1-KP  I'.},  explodes  with  vio- 
lence. It  dissolves  in  hydrochloric,  liydrnbroiuic,  and  hydriodic  acid?, 
forming  chloride,  bromide,  and  iodide  of  cacodyl. 

Cacodyl  dioxide,  As.,iO  I  IjjjO,,  is  the  thick  syrupy  liquid  produced  by  the 
slow  oxidation  of  cacodyl  or  of  alkarsin.  It  is  decomposed  by  water,  and 
then  yiclda  a  distillate   tif  cacodyl  nionuxide,  with  a  residue  of  cacodylio 

2Asa(CHa)40.,   +    H,0    =   As^CH^O   +   2As(CIIs)aO(OH.) 

Caoodylio  Acid,  AS*(0Hj),O"(OH),  also  called  Alkargm,—  This  is  the 
ultimate  product  of  the  actum  uf  oxygon  at.  a  low  temperature  upon  caco- 
dyl or  alkarsin  in  presence  of  water;  it.  is  best  prepared  by  adding  mer- 
curic oxide  to  alkarsin,  covered  ivith  a  layer  of  water  and  artificially 
cooled,  until  the  mixture  loses  all  odor,  and  nflori.ard  decomposing  any 
mercuric  cae'odylate  that  may  have  been  formed,  by  the  cautious  addition 
of  more  alkarsin.  The  liquid  yields,  by  evaporation  (o  dryness  and  solu- 
tion in  alcohol,  crystals  of  eacodylic  add.  The  sulphide  and  other  com- 
pounds of  cacodyl  yield  the  same  subst ar.ee  n:i  exposure  to  air.  Cacodylio 
acid  forms  brilliant,  colorless.  Urit'Ie  crystal:1,  v,  liieh  have  the  form  of  a 
modified  square  prism  ;  it,  is  permanent  in  dry  air,  but  deliquescent  in  a  moist 
atmosphere.  It  is  not  at  ail  poisonous,  though  it.  contains  more  than  SO  per 
cent,  of  arsenic.  Jt.  is  very  soluble  ;;i  water  and  in  alcohol,  but  not  in  ether: 
the  solution  lias  an  acid  reaction.  When  luised  with  alkalies  and  evapo- 
rated, it.  loaves  a  gum  my.  amorphous  mass.  With  the  oxides  of  silver  and 
mercury,  on  the  other  hand,  it.  yields  cryslalli/able  compounds.  II.  unites 
with  cacodyl  oxide,  and  (onus  a  variety  of  combinations  with  metallic  salts. 
Cacodylio  acid  if  exceedingly  si  able:  it  is  not  aifceted  by  red  fuming  nitric 
acid,  nitromuriatie-  acid,  or  even  chromic  a  old  in  solution :  it  may  be  boiled 
with  these  substances  without  the  least  change.  .11.  is  deoxidized,  however, 
by- phosphorous  acid  and  stannous  chloride,  yioldlu!!;  cacodyl  oxide.  Dry 
liydriodic  acid  gas  decomposes  it,  with  production  of  water,  cacodyl  iodide, 
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and  free  iodine.  "With  dry  oydroohlorie  ncld  gas,  or  with  the  concen- 
trated aqueous  acid,  cacodvlio  acid  uniics  direcilv,  ['drilling  the  compound 
As  (CILjijOjH  .  IlCl.  But  by  exposing  caeodylic  acid  for  a  lonK  time  to  a 
stream  of  hydrochloric  acid  pus,  nr.-*--/,  •.ni,)^s:u'i:iil  likh'-uriiie  is  obtained,  to- 
gether witli  ivjLiiir  and  methyl  chloride: 

As(CII,),OsH  +.3HC1   ~   Aa(CH,)CJ,  +  2HE0  +  CH,C1. 
Phosphorus  penta.ehlori.de  comerls  cauody;.[c  a.ei'i    into  cacodyl  trichloride 
fp.  764). 

CaCoovl  Sulphide,  As./CHj^.  is  formed  by  adding;  barium  sulphide  to 
crude  cacodyl,  or  by  dis:illinj:  iniriiitii  si.iph-hydratc  with  cacodyl  chloride. 
It  is  a  transparent  liquid  which  rcta.ius  its  tlnidii.y  at.  — 41)",  and  bolls  at  a 
temperature  consider  ably  above  100". 

Cacodyl  dkalphiil:  As,(t;ll'3)4.S,,  in  formed  by  On-  action  of  sulphur  on  ca- 
codyl or  the  monosulphide,  or  by  treating  caeodylic  acid  with  sulphuretted 
hydrogen  in  a  vessel  eternally  cooled,  li.  separates  :Vom  the  solution  in 
largo  rhombic  crystals.  The  alcoholic  solution  of  this  compound  yields 
with  various  met.nl  lie  solutions,  orcein  it  ales  f  orisis:  in  i;  of  salts  of  sulphoca- 
codylic  acid,  As((!ll;':..S,ll.  analogous  to  eneodylio  acid.  The  lead-salt,  Asa 
(Cilji^l'b",  forms  "small  while  crystals. 

Arsenmonomethyl,  As.{0H.j.  .—  This  radical,  which  is  not  known  in  the 
separate  state,  is  ci-her  bivalent  or  quadrivalent.  Its  dichloride,  As"' 
(CH,)C1S,  is  produced  either  bv  the  decomposition  of  cacodyl  trichloride 
by  heat:  As(CH3),.(Ua  A-ql  '[l,iCI.,-(;l  l,t  1 :  or  by  the  prolonged  action  of 
Lydroehloric  acid  on  caeodylic  acid  (p.  7t>5).  It  is  a  ec.lorless,  heavy,  mo- 
bile liquid,  having  a  strong  reducinp  power;  boils  at  \i'>'->"  C.  (271°  F.).  Its 
vapor  exerts  a  most,  violent  action  ,m  the  mucous  membranes;  on  smelling 
it,  the  eyes,  nose,  and  wdiule  face  swell  up,  and  a  peculiar  lancinating  pain 
IS  felt,  extending  down  to  the  throat.  The  tetrachloride,  As'{CHs)Cl4,  is  ob- 
i.ained  in  large  crystals  by  passing  cldurine  over  a  mixture  of  the  dtchlo- 
rlde  and  carbon  bisulphide  ooolad  to — 10°.  It  is  very  unstable,  decom- 
posing even  nearl)0  into  methyl  chloride  and  arsonious  chloride,  AsClj. 
There  is  also  a  ehlorabronndo,  AsiTl) .,'iOlTir,  and  a  di-iodide,  As(CH3)l2. 

The  oxide,  As(Cll3)0,  obtained  by  decomposing  Hie  dichloride  with  potas- 
sium carbonate,  forms  large  cubical  crystals.,  soluble  in  water,  alcohol,  and 
ether,  and  resolved  bv  distillation  with  potash  into  arsenious  oxide  and 
Cacodyl  oside :   iAsffli'ljiO-  -Ak.,03  |  As2(CHa)  ,0. 

■  Anetmelhytir.  Acid,  As';  till, )[)■'',;  till  i;,  is  obtained  as  a  barium-salt  by 
decomposing  arscumei  by]  uic:-dor.i;ie  with  a  sligln  excess  of  silver-oxide; 
and  this  salt,  decomposed  by  sulphuric  acid,  yields  the  acid  which  remains 
on  evaporation  in  i  he  form  of  ■::  ln.iniiin.trd  mass.      It.  is  bibasic. 

Arsmmf.thyi  stdphids.  As;('l!.,;S,  is  obtained  as  a  white  ma.ss  by  passing 
hydrogen  sulphide  ever  the  dichloride. 

On  comparing  the  combining  or  equivalent  values  of  the  several  arse- 
nides of  methyl,  it  will  be  .seen  that  they  all  unite  with  elementary  bodies 
and  compound  radicals,  in  such  proportion  as  to  form  compounds  in  which 
the  arsenic  is  either  f  rival  out.  or  quinquivalent.,  the  last- mentioned  com- 
pounds being  by  far  the  most  stable.      Thus  : 

Arsenmonomethyl.  Asi'0113i,  is  hi-  ami  ipiadvi-valent,  forming  the  chlo- 
rides As"'(CH3lCl,  and  As'(CHs)CV 

Arsendimethvl,  AsjCir3\„  is  mono-  and  tr;-valcni.  forming  the  chlorrdes 
As"-';t":il1;,.,('l  and  As>iCll3)2Cla. 

Arsentrimethvl,  A<q't;H.....'  is  bivalent  only,  ar.d   forms  the  chloride  Asv 

(CHB)»Cla, 

Arsenmethylium,  or  Tot  ramethvlai'souiurn.  Asfl..'!!.,^.  is  univalent,  form- 
ing the  chloride  As*(CIIa)4Cl. 
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Biamethyl  or  Trie  thylbi  smut  bine,  lli(C..ll,1)3,  SLiifiloa-ons  in  comjioMtiott  to 
f.riethylstibinc  and  ttielbylHrsine,  is  1'onncd  ay  the  action  of  othyl  iodide 
on  an  alloy  of  bisnrnlli  ami  potassium,  and  is  extracted  from  the  residue 
by  ether.  It  is  a  yellow  lii[uid  of  specilic  gravity  1-W,  has  a  most  nau- 
seous odor,  and  chills  vapors  which  tn.ke  lire,  in  contact  ivit.li  the  air.  It 
unites  with  oxygen,  chlorine,  bromine,  iodine,  and  nitric  acid. 

Borethyl,  E(C,lfr>)3.  — Dr.  Frankland  has  obtained  this  compound  by 
treating  boric  ether  «  it.h  ii  tie -ethyl :  ii  is  a  colorless  mobile  liquid  having 
a  pungent  odor,  iiTita.i  liji;  i  ho  eyes,  of  sp.  gr.  (MiOii.  and  boiling  at  95"  C. 
(£<)!J.°  I'.'),  TJoreriiyl  is  insoluble  in  water,  but  very  slowly  decomposed 
when  left  in  prolonged  oonlai;t  willi  ii.  When  exposed  to  the  air  it  is  spon- 
taneously inflamed,  burning  with  a  beautiful  green  and  somewhat  smoky 
flame.  It  combines  with  ammonia,  forming  ibc  compound  'Nil,.  8(0,11  A,. 
By  the  gradual  action  of  dry  air,  and,  ultimately,  of  dry  oxygen,  borethyl 
is  converted  into  an  oxygen- compound  of  the  formula  li(C2II5)all2. 


bases  ob  the  r-iiosnioitus  and  arsenic  series. 

The  action  of  ethene  bromide  on  ti'ie-hy'plin-phino  pives  rise  to  the  for- 
mation Of  two  crystalline  bromides,  nooordiiio;  to  the  proportions  in  which 
the  substances  arc  brought  in  contact.  These  bromides  are  CaH]9l>I{r2= 
CH^P+CABrj  and  C,4lV,Br.,-  2L'(,ni.l'-|-CIi!1I!iv  The  first  of  these 
■compounds  is  the  bromide  ol  a  phosphonium  in  which  3  atoms  of  hydro- 
gen are  replaced  by  etlivl  mid  one  aloin  by  the  univalent  radical  brotneilivl, 
(..'Jl.jlir,  thus  fi;<yi\lbv:(Vgi.;i3l']l!r.  Half  the  bromine  in  this  salt  is  uu- 
afl'ected  by  the  action  of  silver-sabs:  it  may  accordingly  be  designated  as 
lirmiiirte  of  /■.ruinrliii/l-ifiif'i-i/'-fifio.vjihf/iiiitm.  Numero  as  salts  of  this  oompnc.ud 
are  known,  bin.  the  i'ree  base  huiiiuI  be  nbiaijied,  since  silver  oxide  elimi- 
nates the  latent  bromine,  jriving  rise  lo  Ibc  formatioti  of  a  base  ciOLlainin;- 
[IC2HsO)(CaH .).['] Oil,  The  second  compound  is  the  ilibromido  of  ttfieiu- 
[        (I  II      I     |     I  i  Ihi     radical,  which   cor- 

responds to  2  equivalents  of  ammonium.  ^^  IJ4  — -  NtHs,  forms  a  series  of 
very  stable  and  beautiful  sabs,  especially  an  iodiiie  which  is  difficultly 
soluble  in  water.  In  all  these  sabs  the  base,  which  is  composed  of  1  mole- 
cule of  ethene,  ii  molecules  of  ethyl,  and  2  atoms  of  phosphorus,  is  united 
with  2  molceules  of  univalont-aoid  radical;  the  platinum- salt  contains 
(C.Ji,)"(OJT .Wh', .  Pt.™l.'I,.  The  free,  very  caustic,  and  stable  base  has 
the  composition  :  (C^IT,)",; Cil- |f,P.,l"(OH)2. 

The  dibromide  of  ethene  hoveii  :yl-dip!:ospboninrn  may  be  formed  by  ike 
action  of  triothylphosphine  upon  the  brominated  bromide  which  lias  been 
mentioned  as  the  first  prmluel  of  the  action  of  ethene  di bromide  upon  tri- 
ethylphosphine  ;  OJlj  l'Br?  I  C0HlsP^CuIIMPsBrs.  If  the  triethylphosphine 
be  replaced  in  this  process  by  mnmonia  er  l>\  mnnamines  in  general,  or  by 
monarsines,  an  almost,  nn limited  series  of  'li atomic  salts  may  be  formed, 
In  which  phosphorus  and  :i  broken  or  pliii-plioa.is  and  arsenic  are  associated. 

Thus  the  action  of  ammonia.',  of  ot.hylainiue,  and  of  trie  thy  larsine,  gives 
rise  respectively  to  lite  following  compounds: 

Dibromide    of    Eth  en  e-tri  ethyl-  1  aPN]"Brr 

phosphammomum       .         .      /       L^   !   t)    l"i   6*8   a      J        s 

Dibrorihamm0niuhmne*tetreUl)'1}       [(C,Ht)"(CsH6)1HsPN]"BrJ. 
Dibromide  of  Ethene-hesethyl-  \       r  ,c  H  ,„(c  H  \  PjUVBr 
phosuharsoniuni        .        ,     j       !■>  '  v    «  !   vt       J 
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Treated  with  silver  oxide,  these  bromides  yield  the  very  caustic  diatomic 

H'Pt;,l,.i.ntar"""""bj""}       KC,n,)"(C,H,),H,H>]"(OH),. 

TCl..»».™.''"'".',''1'j1"}       [(CA)"(0,H.)#»]"(OH), 

Hydrate    o°    "" 

■|jln.i-|:liM.]- 


Hjdr.t,    of    Eth»»»-h„,0,,l-j       [(cih,)»(0<HJ,PA.]"(OH), 


lo  the   action  of  ethene  ditiroiiiide, 
The  limits  of  this  Manual  will  not 
e  remarkable  compounds  in  detail. 


IV.- 

The  bodies  of  this  group  which  com  ;iin  bivalent  elements,  such  as  line, 
are  saturated  coiuponLu's,  not  capable  < . '  l  1 1 1 i r : n ; i  directly  iv i ill  chlorine,  oxy- 
gen, &e. ;  those  wliicli  contain  quadrivalent  mciijs,  like  tin,  aro  saturated 
or  unsaturated  accordingly  its  they  contain  four  or  only  two  equivalents  of 
alcohol-radicals. 

"All  these  compounds  aro  fi-oqi.ir.-TLi.ly  designated  as  ori/ano-metaUk  bodies, 
a  term  likewise  including  tin:  compounds  of  alcohol-radicals  with  arsenic, 
antimony,  and  bismuth.  Wo  shall  describe  chielly  the  ethyl  compounds, 
to  which  the  methyl  and  amyl  compounds  live  strictly  analogous. 

Zinc-ethyl  or  Zinc  ethidc,  Zii/'i;(!.,H|-ls.  —  This  compound,  discovered  by 
Frankland,  is  formed,  together  nil  h  /.im;  iodide,  when  cihyl  iodide  is  heated 
with  metallic  line  in  a  sealed  glass  lobe,  or,  for  larger  quantities,  in  a 
strong  and  well-closed  copper  cylinder  ;  liCVH.-I.  —  Zn,  =  Znlj  -\-  Zn(CjH5)j. 
The  two  products  remain  cum  hi  nod  [ogeiher  in  (lie  iorm  of  a  white  erystal- 
line  mass,  from  which  the  *iuo-c[hyl  may  be  separated  by  distillation  in  an 
atmosphere  of  hydrogen.  It  is  a  mobile  and  very  volatile  liquid,  having  a 
disagreeable  odor,  raking  fire  instantly  on  coining  in  contact  with  the  air, 
and  diffusing  white  fumes  of  zinc  oxide.  Hater  decomposes  it  violently, 
with  formation  of  /.hie  hvdrate.,  ami  ovolulion  of  ethane  or  ethyl-hydride: 
ZofCjII,),  +  2F,0  =  ZiiHaOa  -|-  C,IIfi.  When  gradually  mixed  with  dry 
oxygen,  it  passes  through  two  Kinoes,  oi  oxidation,  yielding  iirst  line  ethyl- 
ethylate,  Zn/' { JjP^ .  and  finally  zinc  ethylate,  Zn"(O02Hs)y  With 
iodine  and  other  halogens,  (ho  reaction  also  takes  place  by  two  stages,  but 
consists  in  the  successive  subslil  hi  ion  of  I  he  i:  a  logon  t'er  the  ethyi;  thus: 
an(C,Hs),        +■        Ia         =         CSHSI         -f-        Zn(CsHE)I, 

Zn(C,H6)I  +  I,  =  C,IISI  +  ZnL, 
Zino  cthide  has  become  a  very  important  reagent,  in  organic  chemistry, 
serving  to  effect  the  solicitation  of  the  pos.il  ive  eadioal  ethyl  for  chlorine, 
iodine,  and  oilier  negaiivo  elements,  ami  thus  enabling  us  to  build  up 
carbon-compounds  from  others  lower  in  the  scale.  Many  -examples  of 
these  reactions  have  already  been  given  in  the  chapters  on  alcohols  and 
acids.  In  like  maimer  it  serves  for  the  preparation  of  many  other  or- 
gan o-metallie  bodies.  The  following  conations  exhibit  I  lie  mode  of  forma- 
tion.of  mercuric  mel.hide,  stannic  ethidc,  and  trielliylai'sine  by  moans  of 
zinc  ethioje; 
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Zn"(CslI,)a       +       Hg"Cla       =       ZnC]2       +       IIg"(C2H5)2 

2Zn"(CjH5)5       +       Sn"Cl4       =     2ZnCl2      +     "  Sn"(C,Hs), 

8Zn"(CaHs),      -f     2As'"CL,     _     3ZnCl,      +     2As"'iT.'.;H3)s. 

Zino  Hetbide,  Zn"(CH3),  ia  analogous  in  its  reactions  to  zinc  ethide,  but 

ia  still  more  volatile  and  in  flammable. 

Potassium  Ethide,  C^HjIC,  and  Sodium  Ethide,  C21I5N(l,  are  nut  known  in 
the  separate  state,  inn  only  in  combination  iv;' h  zinc-ethyl.  These  mixed 
compounds  are  produced  by  the  action  of  potassium  on  sodium  zinc-ethyl; 

8Zn(C2H6)s      +       Ha2      =      Zn       +       2(C,H5),  { |n" 

These  compounds  and  their  Iiomologues,  discovered  by  Wanklyn,  have  alao 
played  an  import  sun  part-  in  elioniical  synthesis,  Tim  production  of  the 
fatty  acids  by  the  combination  of  carbon  dioxide  with  sodium  ethide,  &c. 
has  been  frequently  mentioned. 

Mercuric  Ethide,  Ho;""(C.,H ,-,').,.  —  Tliig  compound  is  formed,  as  already  ob- 
served, by  the  action  r.il'  mercuric  chloride  on  zinu  ethide,  but  it  is  more 
easily  prepared  Ijy  the  action  of  sodium-amalgam  on  ethyl  iodide  iu  presence 
of  acetic  ether: 

2C5H6I       +       Nas      +       Kg      =    2NaI       -f       Hg(C,B^r 
The  acetic  ether   takes  uo  part  iu  the  reaction ;  nevertheless  its  presence 
appears  to  be  essential. 

Mereurie  ethide  is  a  transparent,  niilnrlths  liquid,  hailing  at  159°.  It 
burus  with  a  smoky  flame,  giving  off  a  lar^c  quiuitin-  of  mercurial  vapor, 
Chlorine,  bromine,  and  iodine  iv v^  oik-  equivalent  of  ol  In !  from  this  com- 
pound, and  take  its  place,  forming  mercuric  ciihivetlii.dii,  &o. ;  thus: 

Hg(C,HB)a    -j-     Cls    =     CjHjCl    +     HgfCjII^CL 
A  similaT  action  is  c^cn.ed  by  adds,  e.  g.,  by  hydrobromic  acid,  the  pro- 
duets  being  ethane  and   mercuric  bromethide: 

HgfCjH,),      +     HBr  =     CSH6       +     Hg(C,H5)Br. 
The  chlorethide  or  bromethide  is  converted  by  water  into  mercuric  ethyl- 
hydrate,  Hg"(C2Il.)(OII).     Mercuric  cthidr.  serves  for  the  preparation  of 
several  other  organo -metallic  bodies. 

Aluminium  Methido,  Al'"(01l.,l1,  or  A1,(CTI,)6.  —  This  compound,  dis- 
covered by  Buckton  aud  Odling,*  is  formed  iv  hrntit.<"  mercuric  ethide 
with  aluminium.  It  is  a  mobile  liquid,  which  crystallizes  at  a  little  above 
0°,  and  boils  at  130°  C.  (266°  I''.).  At  ami  aboveViiy- C.  (128°  F.}  the  den- 
sity of  its  vapor,  compared  with  rlmt  of  air,  ia  2-8,  which  is  near  to  the 
theoretical  density  ealcnlntcd  fur  ihe  formula  Alii'.,!!.)...  namely,  2*5.  This 
'     x  that  the  true  formula  of  the  compound  ia  Al(C,HB)t, 


triad,  not  a  tetrad  (p. 
1,  however,  the  vapor-density 
ioal  density  calculated  for  the 


AUCjHjJj,  and,  consequently,  that 

'i'.'j'S).  At.  temperatures  near  (lie  boiling  jjoin 
hecomes  4-4,  a[.ioro\iriLa7ln.^  to  the  theoretioi 
f-.rimiliiAV^lI.ij. 

Aluminium  ethide  resembles  the  methyl  compound.  It  boils  at  194°  C. 
(381°  F.),  and  its  vapor  likewise  exhihita,  at  temperatures  considerably 
above  its  boiling  point,  .1  denary  nearly  equal  to  ihat.  required  by  lite  for- 
mula A1(CSH5)3,  for  a  two-volume  coudeusniion.  r 

*  ProcBOdiniis  of  tins  Royal  Society,  si  v.  19. 

t  Tin-  vij,.,-  il.-nsilv  .jfiU-.mi:;.:.--..  .1.1.  "ii,\  „-.  i ..  t  •  1  I  ■  I  i  1 .  ■  il  l:v  !>■■.•  ■  i  1 1  r.  acit'1'9  with  that  re- 
quired b.V  Urn  fnriniil:!   M.fL;    lii;1  :lh  lhi„  c„ij.]:„iith1  l,:i-  :l  vc.'j  high  boiliug  point,  [1  waa  per- 

Uapa  not  heated  auflideatly  to  convert  it- into  a  perfect  g;is  [>ee  page  .|iil). 
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Ethyl  Compounds  of  Tin.  —  Tin  forms  two  ethyl  compounds,  Sn"(C2Hfi)s 

ami  *'>""■:  (.W;,,  siiia Logons  to  stannous  and  stannic  chloride  :  also  it  slan- 
•noso-etannouH  eLhido,  ^o-'Vs-c  ai'iilu^inis  :.ii  uou-jtii  ution  to  ethane,  Cjlle. 
Stannic  ethide  is  a  saturated  compound,  but-  the  other  two  are  unsaturated 
bodies,  capable  of  uniting  wii.li  ehloiine,  bromine,  oxygen,  and  acid  radi- 
cals, and  being  thereby  oiuiveried  imo  compounds,  of  the  stannic  type. 

Stannous   Ethiui;,   Sn"(C,H6)2. — When    ethyl    iodide   and   tinfoil   arc 
healed  together  in  a  staled  glass  tube    to  about  JiiGc  or   1S(!°  {.'.  r,W:-  o".0'- 


F.l,  stannous  iodethido,  Sni"'(C.,Il.;i,l2,  is  produced,  eiystallizii  ^ 
needles.  The  sann;  cumrniimd  is  obtained  when  tin  and  ethyl  iodide  are 
exposed,  to  the  rays  of  tin.'  sun  consul  ml  til  by  a  parabolic  reflectnr.  The 
reaction  is  considerably  facilitated  if  the  tin  be  alloyed  by  one-tenih  of  its 
weight  of  sodium.  This  iodide  is  decomposed  by  sodium  or  zinc,  which 
abstracts  the  iodine  and  leaver,  stannous  ct-hide  in  tin:  form  of  a  thick,  oily 
liquid,  insoluble  in  water,  and  having  the  sp.  gr.  1*55.  Stannous  ethide 
Combines  directly  with  2  atoms  of  chlorine,  iodine,  ami  bromine,  forming 
Btannio  chlorethide.  Sti;'f (''.,! I. '■...('1,„  .vc.  Exposed  to  the  air,  it  absorbs  oxy- 
gen and  is  converted  into  sLannous  oNoi-hidc,  tin "(C,lle)„0.  h  wliitisli,  lasle- 
iess.  inodorous  uowder.  which,  v.  hen  treated  wit  h  oxv -en -acids,  vidi'ls  ■,',  ell 
crystallized  stannous  salts,  such  as  Sn"(;i:,l!s\j;.NOa).,,  Ku"(C2Ha)2S04,  &C. 

Stannoso-ktiwic  Krtiini:,  Sn./CJhj;,  is  alwiivs  produced  in  small  quan- 
tity when  stannous  ethide  is  prepared  by  the  methods  above  mentioned. 
II  'is  really  obtained  in  the  free  state  by  digesting  nil  alloy  of  1  part  of 
sodium  and  5  parts  of  tin  with  ethyl  iodide,  exhausting  the  mass  with  ether, 
evaporating  the  ethereal  solution,  and  exhaust  in;?  ;he  residue  with  alcohol. 
'I'll'--  >-ai)!io.so-stiiii!iie  oxhide,  being  insoluble  in  liial  liquid,  then  remains 
behind.  It.  is  a  yellow  oil,  boiling  at.  lPtiJ  C.  (;>f>(>°  V .),  combining  diroctiy 
with  chlorine,  bromine,  and  iodine  to  form  two  molecules  of  a  stannic  com- 
pound ;  e.  g. : 

Sn^CjHj),    -f    CI,    =     2Sn"(C,H5)3Cl ; 

Stannic  chloro-tricthide. 
also  with  oxygen,  forming  distannic  oxy-liexethide,  Sn",(C,H5)90.  This 
oxide  is,  however,  best,  obtained  by  distilum.'  stannous  oxy-dictliide,  Su" 
(C,H,),0  (above  described),  with  potash.  It  is  an  oily  liquid,  soluble  in 
alcohol,  ether,  and  water;  the  aqueous  solution  has  a  strong  alitaline  reac- 
tion. It  is  easily  aoied  lijiou  ]>v  ox  v^en- acids,  yiobfiiu;  the,  corresponding 
sulphate,  Sn2(C,lis)6SO„  &c. 

Stannic  Etiiiol,  -Sn"'i;'i".'8II-).[.  is  produced  by  the  action  of  zinc  ethide  on 
stannic  chloride ;  also  by  the  distillation  of  stannous  ethide,  2Sn(CsH6]s  = 
Sn  -f  Sn(CjHs],.  It  is  a  colorless,  nearly  odorless  liquid,  of  sp.  gr.  1-19, 
boiling  at  181°  C.  (o5S°  I''.),  and  very  inllammable,  burning  with  a  highly 
luminous  Hanie.  When  treated  wilh  chlorine,  bromine,  ic.  or  with  acids, 
it  forms  substitution -prod  uc  is :  thus,  wilh  iodine,  it.  splits  up  into  ethyl 
iodide  and  stannic  iodotriethidc  : 

Sn(C,H5)1     +    Ij    =     C,HSI     +     Snf.CjH.y. 
With  strong  hyilroeiiloric  acid,  it  yields  ethane  and  stannic  oldorolrieihiile, 
Sn(C,H6),  +  HC1  ■=  C,H,  +  Sn(CaH5),Cl. 

Plumbie  Ethide,  Pb(C.,Hs)j,  is  produoed  by  the  action  of  plumbic  chloride 
on  zinc  ethide: 

2Zn(CaH5),  +  2PbCl1  =  2ZnCl4  +  Pb  +  Fb(CJtt)v 
It  is  a  colorless  limpid  liquid,  soluble  in  ether  but  not  in  water.     It  is  not 
acted  upon  by  oxygen  at  ordinary  temperatures;  but  chlorine,  bromine, 
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and  iodine  act  violently  upon  it,  in  (he  sumc  manner  as  on  stannic  ethide, 
forming  plumbic  edsloro-trielhide.  I'hi ( \: M5)H(.U,  &e.  Plumbic  ethide  ia 
interesting,  as  affording  a  proof  lli.it  load  is  really  a  tetrad  (p.  398.) 

Telluretuyl,  Te//((:oIIij.„  is  obtained  by  distilling  potassium  tclluridc 
with  potassium  ethylsulphate.  It  is  a  heavy,  oily  liquid  of  yellowish-red 
color,  very  inflammable,  ami  having  a  niii't  insnTeraiile  odor.  It  acts  as  a 
bivalent  radical,  uniting  directly  ivilh  uhloritie,  bromine,  oxygen,  &c.  to 
form  compounds  in  whicii  t Ito  tellurium  onter.j  us  a  tetrad,  c.  •/,,  l'cfT(C,H()s 
Clj,  Tei'(C,Hfi)sO",  &o.  The  nitrate  TciC.li^j.NOj'ij,  is  obtained  by  treat- 
ing tellBthuryl  with  nitric  aeid  ;  the  ol-iiui'  suits  by  ilouble  doc om position  ; 
the  chloride,  for  example,  settles  down,  as  a  heavy  oil.  on  adding  hydro- 
chloric acid  to  a.  solution  of  the  nitrate.  The  oxide  is  best  prepared  by 
treating  the  chloride  with  water  and  silver  oxide.  It  dissolves  in.  water, 
forming  a  slightly  alkaline  liquid. 

lyf.      The  corn; Hpor.dir.it  e-iatium  fnuijuiundt  ha\ 
wise  oeen  obtained. 

There  are  also  compounds  of  viij/ifatr  with  ulcolml-ruilieals  in  which  the 
sulphur  plays  the  pari,  a?  a  iptadvlvulpist  (dement,  ra  .  ihe  ir>rfl.i/!.iji!/-.!nirr.;ii: 
compounds,  already  described  (p.  -i?,{\).  Sulphurous  imin-lriHhiik.  Siv(C2Hsl,I, 
for  exam plo,  is  produced  by  combination  of  elhvl  numosulpliide,  S((!,H.')„, 
with  ethyl  iodide,  C„H,L 

Other  com  pounds,  in  which  the  sulphur  may  be  r(.'!»;ivdc:il  as  a  he-xad, 
are  obtained  hy  com!)  in  tug  ethyl  sulphide  ami  et.iieue  sulphide  with  et.heno 
dibromide:  thus  .tni/>/i>ir>e  ifiit.'n-.n'.-iii'jromi'.l:.  Hi"',.'T,HJ'i'-'.,[)i'.J,  is  formed  by 
combination  of  SiClt^i  with  ('.!II1IJ],..1  ami  -:"■■//■.',::,■■(!■  doi/.i/l-elhene-dibromide, 
8rf(C  HgljfCjiyiSrj,  in  like  manner  by  combination  of  S^U^,,  with 
C.H.Br,. 


y/  Google 


AMIDES. 

We  have  had  frequent  occasion  to  speak  of  these  compounds,  as  derived 
from  ammonium-salts  by  abs[r::or..ir,n  of  water,  or-  from  acids  by  substitu- 
tion of  amidogcn,  NHp  for  hydroxy  1,  OH,  or  from  one  or  more  molecules 
of  ammonia  by  substitution  of  acid-radicals  for  hydrogen.  They  aro 
divided  (like  amines)  into  TMiiiimides,  d  iambics,  and  triumides,  each  of 
which  groups  is  further  subdivided  inn,  primary,  scceodary,  and  tertiary 
amides,  accordingly  as  one-third,  two-thirds,  or  the  whole  of  the  hydrogen 
i-;  ri']:]:i::c:'l  by  acid-radicals.  If  I  be  hydrogen  is  iTpbiced  part'.v  by  acid- 
radicals,  and  partly  by  alcohn'-radicals,  the  eomjifuiml  is  called  an  alkala- 
miih;  for  «x:j.r!y-l(!,  etii  ybicukuuide,  KH(C.H,1(C4H»01 :  ethyldiacetamide 
N(C,II,)(C,HilO),. 


AJEIUKS  UKRIYKU    F' Ui.il]   ,1lil\  VI'OIITC  ACIDS. 
A  nionatomie  acid  yield?   lint  onp  ;irwmr.v  ««'^!,  which  may  be  formed: 


1.    From  its  am 

TU-Sil.lt 

by  abstraction  ol 

il  mule 

the  influence  of  boat 

CH, 

C,Hs(NH4)0, 

IijO 

=    C2HsNO    = 

COKH 

Aeetamide. 

aoetate, 

These  amides  ar 

e  also  produced:    2.  By  the 

action 

chlorides;  e.  jr. : 

-  »{§?• 


of  ammonia  on  acid 

C2H30C1        -f.         NH3        =         HOI        +        NHjfCjHjO). 
This  method  is  especially  adapted  to  the  preparation  of  those  amides  which 
are  insoluble  in  water. 

3.  By  the  action  of  ammonia  on  compound  ethers: 

C3HaO.OC,n8     +      NH3     =      HO0.H.     +      NHs(CaH,0). 

Ethyl  acetate.  Ethyl  alcohol.  Aeetamide. 

Aeetamide,  which  may  be  regarded  a?  a  type  of  primary  monamides,  is  n 
white  crystalline  solid    meltiii-  at    78,:  (!.  .'17^  F.),  and   boiling  at  ^21° 
222°  C.  (430°  F.).      When   heated  with   acids   or  "»>■  -"-«-■    5'   *->™  ■ 
water  and  is  converted  into  acetic  acid  and  ammo 
phoric  oxide,  it.  gives  up  water  and  is  converted 

e.'miiile,  C.JI.XO,  -  -  H.,0  ■   ■  CjIT.N.      Healed  in  a  stream  of  dry  Lydrodilo- 
ric  acid,  k  yields  iliita(in,i!:k,  Migelher  with  other  products: 

2NHa(C,Ha0)       +       IIC1       =      NH.C1       +       HH(C,HaO),, 

Aeetamide  acts  both  as  a  base  and  as  an  acid,  combining:  with  hydrochlorio 
and  with  nitric  acid,  and  like w: so  Rn-mins;  salts  in  v.diieh  one  atom  of  its 
hydrogen  is  replaced  by  a  meial :  e.ifor.r-ii'<!fi'i.ini<!f.,  C'.JI.^AgO,  for  example, 
is  obtained  in  crystalline  scales  by  saturating  an  aqueous  solution  of  aee- 
tamide with  silver  oxide. 

772 


1h  alkalies,  it  takes  up 
Distilled  with  phos- 

"    '     '      methyl 


■eniamide,  CTH,\70  ._  \"FI,iT.,I!60;,  is  produced  by  methods  similar  to 
;c  above  given  for  ihe  )'«r<n\i\U>u  of  nceramide ;  also  by  oxidizing  hip- 
ic  acid  with  lead  dioxide  : 

C8HfiNO,  +  Os  =  CjH,NCl  +  2CO.,  +  H,0 
snzamide  is  !i  urysiallmc  mlIjsI  anise  nearly  iu-olublc  in  cold  water,  easily 
ble  in  boiling  wal.er.  also  in  alcohol  ami  et.her;  il  melts  at-  U'i°  C.CioiP  F.'i. 
volatilizes  uudeeompo.sed  between  280°  and^KP  (.!.  (547°-o54°  P.).  Its 
.ions  are  for  ihe.  mod  part  similar  10  those  of  acekmiide.  Heated  with 
benzoic  oxide  or  chloride,  il.  yields  benzonitrile  and  benzoic  acid: 


lieai.ed  wiib  fuming  hydrochloric  acid,  it.  tonus  hvdroohhirido  of  benz- 
amidc,  C,HTNO  .  Hill,  which  separates  on  cooling  in  long  aggregated  prisma. 

lis  aoJieoiH  solution  dissolves  mercuric  oxide,  ioniumr  ■'j./1.ir.;;i,:,M,-,;s'iaAi, 
KalI2i;C,]!iO)aHg". 

Suriii.d-i.ri/  moiiam.i-l-r-  lire  I  base  i:i  vhicli  i  no  isiorns  of  hydrogen  in  a  mole- 
cule of  ammonia  tire  repriced  by  two  univalent  or  one  bivalent  acid-radi- 
cal, or  by  one  acid-radical  and  one  alcohol -radical.  Those  containing  only 
nriivukijii  radicals  aru  formed  by  the  action  ol'  dry  hydrochloric  ucid  gas 
on  primary  tnonamides  at  a-  hii;h  temperature  ;  e.g.  : 
2NHs(CaH,0)  +  HC1 
Ace  t  amide. 

Those  containing  bivalent  acid-radicals  are  culled  imiries  ;  e.g  ,  succinimides, 
NHfCjHjOj)".  They  are  derived  from  biliasic  acids,  and  will  be  noticed 
farther  on. 

Secondary    monamtf.-s.    (al/rn/.a^wlrs)    coni.aiiiing  an     aoid-radical   and    an 

alcohol-radical,  are  formed  by  processes  similar  to  those  above  given  for 
the  formation  of  the  primarv  uiouaniidm.  snl.st.it mini;  amines  for  ammo- 
nia; thus: 

NH,(C,H,)     +     CsII,OCl              =     HC1  +  NH(C2II5)(C2HjO) 

Etliylamine.               Acetic  Ethyl-ace  1  amide. 
chloride . 


They  arc  crystalline,  and  for  the  most  part  do  not  combine  with   acids. 

When  boiled  with   adds    or    alkalies,   they  take   up  water   and   regenerate 
their  acid  and  primary  amine;  thus: 


Tertiary  maurn>ii'l-:s  are  those  in  which  the  whole  of  the  hydrogen  in  one 
molecule  of  ammonia  is  replaced  by  a.eid-radieals  or  by  acid-  and  alcohol- 
radicals.  Those  of  the  latter  kind,  called  tertiary  a.l'ialamides-,  are  produced 
by  the  action  of  acid  chloride-  0:1  secondary  alkalamides ; 

NH(C6H6)(C,HsO)     +     C,HsOC\    =    HC1    +     N(C,H.)(C,H,0)2 
rhcnyi-hen/.auiide.  Benzoyl  Phenyl-dihen/amula. 
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Acids  of  this  group  may  giro  rise  to  two  monamidos,  both   formed  by 

substituted  oi'  imo  equivalent  of  ML  for  OH,  and  therefore  having  tin; 
same  composition.  They  arc  iiowcver  isomeric,  not  identical,  the  one 
formed  hj  replacement  of  iho  aleonolio  liyilnixyl  being  acid,  while  the 
other,  formed  by  replacement  of  l.lic  basic  hydroxyl,  is  neutral.  The  acid 
amides  thus  formed  are  called  tunic  /iritis.  Clycollie  acid,  for  example, 
yields  glycollamic  acid  and  glycollamide,  both  containing  C,H,NO,: 
CH,OH  CnsNH,  CH,OH 

COOH  COOH  CONH, 

GlyeoViic  Glycolbimic  Glycollamide. 

These  amic  acids  and  amides  are  eemclinies  represent  oil  as  derived  from  a 
molecule  of  ammonia  mid  a  molecule  of  Mater,  bound  together  by  tho  sub- 
diatomic  acid-radical  for  two  atoms  of  hydrogen;  thus: 


(C,U,0)»j» 


Glycollamic  acid. 
The  amic  acid-  of  [his  srronp  are  identical  with  the   amidated   a 


rived  from  the  corresponding  tv.onai  omie  acids.  C-1I.:I.0,.  by  substitution  of 

amidogcii  for  hvilrrigoii  :    liin-  ■  ilyool'.nmio  acid  in  ideo'.u-a'.  ivilli  aiiiidaeelic 
aoid ;  laetaniio  with  aniidopru  picnic  ;    lenoamie  with  ar:ndoeaproic  acid;  for 

example : 

CH„  CHs(NHa)  CHjfOH) 

COOH  COOH  COOH 

Acetic  acid.  Amidaoetic  or  Glycollic  acid. 

Glycollamic  acid. 
These  amic  acids  are  formed,  as  already  observed,  by  Hie  action  of  am- 
monia on  the  monochlorinaioil  or   n>onobromiri!Hcil  derivatives  of  the  fatly 
acids;  the   corresponding   neutral    amides  are   produced  by  the  action  of 
'n  alcoholic  solution,  on  the  corresponding 


asides  or  anhydride?,  o 

c  on  the  el.hylie  ethers  of  idycoiiic  and  laetic  ae 

Lactide. 

Nil,        =        C3H,NO, 
Lactamido. 

CaH4(OII) 

CO(OCaH6j 
Ethyl  lactate. 

CsH,OK 
NH.H      =        HOC.H6      +        ] 

COSH 
Alcohol.             Lactamide. 

Leucamidc,  the  neutral  ether  of  leneie  aoid,  is  not  known. 

Tho  amic  acids  of  this  nerles  possess  basic  as  well  as  acid  properties, 
are   therefore   often  designated  by  names  ending  in  ine,  tho  ordinary 
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mliintLOH  for  organic  bases,  glygollamiu  acid  being  designated  as  glycocine, 
lactamio  acid  as  alanine.  Jcueamic  ami  I  ah  leucine  ipli,  'il-i,  615,  620). 

^mWoif^oi'c  ncitl,  i.'..il5i'N  li„  :(>.,.  or  I  ^liJN.ll .,  j'.  t:0,]I.  produced  from 
nitro -benzoic  no  id,  qil^iSO.yjj',  tij  Hie  aetioti  »f  hydrogen  sulphide,  may 
also  be  rega  .ivcd  from  oiy-benzoie  acid,  Cell4 

(OH) .  CO.H,  by  substitution  of  Nil,  for  OH. 

Diamidolmioic  acid,  ^il/mi,)./!^,  formed  in  like  manner  from  dinitro- 
benzoic  acid,  may  also  be  vicvca  as  •Unf-nu'ii-t'iiitit  vciV,  derived  from  a  hy- 
p.:,l!if;tic:,l  aio^yiien/oic  acid,  Cnf  f3i'tJ  !I;2 .  (..'U.I  I  ;  but  according  to  t Un  :)](»ir 
■  if  formation  of  uie^o  aeids,  iiioy  is  re  more  conveniently  i- i-.urn :-i.Li.- ■  I  an  deriva- 
tives of  benzoic  acid.  f-imilar  retmuks  apply  io  i  lie  aiuidat.ed  acids  derived 
from  the  homologues  of  benzoic  acid. 


FROM  DIATOMIC  ANB  B1BASIC  ACIDS. 
Each  aeid  of  this  ^roup  may  give  rise  m  Ihion  amides :  viz.,  1.  An  acid, 
amide,  or  amis  acid,  ibrmed  i'voiu  <.'::•::  acid  a:m:ionium-salt  by  abstraction  of 
one  molecule  of  water.  -—  -.  A  neutral  invn'imhb:.  w  imitle.,  formed  from  the 
aeid  ammonium-sali  by  sibsinic'imi  of  i\m  ino'.ccules  of  water.  — 8.  A  neu- 
tral diamide,  derived  from  tin:  neutral  ammonium-sail  Ity  abstraction  of  two 
molecules  of  water.     Thus  from  succinic  acid,  (l'Jll.,0,i"(0HjJ  arc  derived  : 

C,Hs(NH4)04  — HaO  =  C4H,NOj=(C4H10J)"(irHs)(OH)  =  (C4H401)"  ^ 

succinate.  acid. 

C,H6(NH4)04  —  2HaO=C.IT5SOn  ■,fCJli,0.,)"(NH)"         =  (C4H,Oa)" 
Aeid  sa"  *.■■■■■, 


Mueciniuiide. 
-  2H!0=C1IIaN!02=(CJH4Os)"(NH1), 


O^AK'Jjr, 


.'alt?  of  .the   coirchpoud- 
eutral  ethers  of  btbasie 

(CLOA^OO.H,),  +  Nil,  +  II(OH)  = 
Ethyl  oxalate. 

3.  By  boiling  imides  with  ammonia,  under  which  circuit) stances  they 
take  up  a  molecule  of  water  and  are  converted  into  ritrsic  acids;  thus  suc- 
cinimide,  C,IIaN02,  with  IU)  forms  snecinamic  acid,  CfH,r]0,. 

The  typiu  or  extra- radical  hydrogen  in  these  amides  may  also  be  replaced 
by  alcoholic  or  by  aeid  radio;]'*,  i  liei'eby  producing  nlkal amides,  secondary 
and  tertiary  diamides,  lie.      The  mode  of  producing  sueii   compounds  may 
be  understood  from  the  following  equations: 
(C,0?)"(0NHaCH!))0H    —    II20 

Acid  mc i hyl ammo- 
nium oxalate. 
(C,H<02)"0  +      NH,(C8HS) 

Succinic  Aniline. 
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{CO)CI,  +     2MH,(C,iIIr,; 
Carbon  yl  Aniline, 

chloride. 

2N(C1H40!)"Ag  +     (C,H10J)"C1I 

Aiereulosuecin-  Hucoinyl 

iinide.  chloride. 

Amides  of  Carbamic  Acid.  —  Carbonic  acid,  (CO)"(HH,)(OH),  is  not  known 
in  the  free  state,  that,  is,  as  a  h  y  ■  In  ■■art.-  n-sjil- .  but  it*  ammonium-salt,  (CO)" 
(NHs)(ONH4),  is  produced,  lit  a'.reaoy  noticed  (]>■  3.1-1;.  by  the  direct  com- 
bination of  carbon  dioxide  and  ammonia-pis.  This  suit  is  easily  obtained 
pure  and  in  large  quality  hy  uassiiiL;  the  two  jrusos.  both  perfectly  dry, 
into  eold  absolute  alcoaol,  sepal  :Kiu;i  the  eopieus  crysiiiiiiue  precipitate  hy 
filtration  from  the  greater  part  of  the  liquid,  and  heating  it  with  absolute 
alcohol  in  a  sealed  tube  to  100°,  or  above*  The  liquid,  on  cooling,  de- 
posits ammonium  ca  rhamate  iu  large  crystalline  laminie.  This  salt,  if  per- 
fectly dried  over  oil  of  vitriol,  mid  then  healed  in  a  .sealed  lube  to  13O°-140° 
C.  (266°-284°  J?.),  splits  up  into  ammonium  ca.rhooatc  and  urea,  one  mole- 
cule of  it  giving 'up  a  molecule  of  water  to  another: 

2CN2Hj03         =         CNjHjO         +         CNjHgO, 
Ammonium  Urea.  Ammonium 

carbamate.  carbonate. 

urea-  is  the   amide  of  earbaiuic  acid,  not,  the 

.    ... it  is  not  easy  to  see  it;  wln-i  the  supposed  dif- 

e  consists;  for  carbonic  acid  heir:-  (t'0':"(OH  ;>,;'01I),  and  carbamic 
acid,  (CO)"(NH,)(OH),  Hie  amide  of  the  latter  must  be  identical  with  the 
diamide  of  the  former.  II  appears,  also,  from  the  observations  of  Basa- 
roff,  that  ordinary  commercial  liiuinoiiium  carbonate,  when  treated  in  the 
manner  just  described,  likewise  yields  uvea.  On  the  other  hand,  the  ex- 
periments of  Wanld;, :;  ami  I"!  am  gee.,  already  quoted  jp.  722),  seem  to  show 
that.-  urea  is  essentially  di  fie  rout,  from  ea  lb  amide,  f 

CakbaMiC  E'l'iihPs.  —  Oailmmic  acid  forms  acid  and  neutral  ethers,  ac- 
cordingly as  an  atom  of  hydrogen  in  ilie  group  Mi,  or  OH  is  replaced  by 
ii.n  alcohol-radical. 

Etkylcarbamic  add,  ,'COi"  .  NIIiC.IT,)  .  Oil,  is  not.  known  in  the  free 
state,  but  its  ethylauiiuouiuin-sali.  (l.'Oj".  \H[C.,H-)  .  OMI,(C,Hs),  is  pro- 
duced, as  a  snow-white  powder,  by  passlue;  earh<iu  dioxide  into  anhydrous 
ethylamine  cooled  by  a.  IVeeiing  mixture.  Its  aqueous  solution,  like  that 
of  ammonium  carbamate,  does  not  prcelpilate  barium  chloride  unless  aided 
by  heat.  The  nielhylaniriLOuinui  salt  of  ■,r-'t!ivlt-«r!-<in-r-  wid  is  obtained  in 
a  similar  manner.  Pkau/Zcarbaiiuc  add,  (CO)''  .  XN(C6i'a)  ■  OH,  also  called 
carbanilic  and  <mthraiiiU.<:  m-.iil,  isomeric  wit':;  amidoben/oie  acid,  is  obtained 
by  boiliuii  indigo  with  potash  ami  manganese  dioxide,  It.  is  a.  crystalline 
body,  soluble  in  water,  and  converted  by  nitrous  acid  into  salicylic 
(plienyl-carbonici  acid,  with  evolution  of  nitrogen: 

(CO)".  NH(CeHB) .  OH  -f-  NO.H  =  (CO)".  0CfiIIs.  OH  -f  HsO  +  N2. 
Phcnyl-earbauiio  acid.  Phenyl- carbonic 

The  neutral  carbamic  ethers  are  called  v-mlliim',::.  Ethyl  carhamati, 
(CO)".  NHa .  OCyi0,  called  simply  areijiam-,  is  formed  by  leaving  ethyl  car- 
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(CO)"(NHs)(OCsH.) 

r,     Meijiyl  carbamate,  milliy- 


Carbamic  acid  in  whioh  the  whole  (if  the  oxyirtti  js  replaced  by  Sulphur, 


t,  (CS)"(NHs)(OC,H6)  (p.  051). 
Cabeimidb,  (CO)"(NH)"  op  NJ  (h°'" 


many  of  the  reaction*  of  cyanic   msul    are  most  naturally  represented  by 
the  formula  just  given,  esnuoially  iis  oouverHion   into   uarbon,  dioxide  and 
"a  under  the  influence  of  acids  or  alkalies: 


NH(CO)"         +         H20        =        NH„        +         (CO)"0, 
and  the  corresponding  formation  of  ethylamine  and  its  homologues  by  dis- 
tilling cyanie  etbers  with  potash. 

IMil  i\-  Jit"-  ■■!  1 1-.':  ■  -:r  1'V  ir-C. 

COC1,        +        2NH3        =         2HC1        +        NsCOH4 ; 

also  by  the  action  of  ammonia  on  ethyl  carbonate,  and  by  the  decomposi- 
tion of  oxamide  at  a  red  heat:  ('.,0;_\.1li1  _-  COiSyij  -|-  CO.  It  bears  a  very 
close  resemblance  to  urea;  tin;  only  differenco  indeed  yet  observed  between 
the  two  compounds,  in  in  tiic  pruiiucTs  nliieii  they  y'n.-U  when  oxidized  by 
potassium  permanganate  in  presence  of  free  alkali  (p.  722). 

Amides  of  Oxalic  Acid.  —  Oz<mjf  add,  C,NR,Oa  =  (C,Oj)"{HH,)(OH), 

is  produced  by  iKiiiriiii;  uoid  amjiioi.iuiu  oxala'o  io  about-  JJ-Jd-1  :  ulsn  :i-  an 
ammonium-salt  by  boding  oxamide  v.-lni  iiqucou*  ammonia  i  CsH4NsOs  -|- 
HsO  =  C,Hj(NITjNOj.  Dxamic  acid  is  a  white  crystalline  powder,  spar- 
ingly soluble  in  colli  water,  still  less  stiSuhle  in  ideohul  and  ether.  It  is 
monobasic,  and  forms  numerous  ej-jstidliiie  metallic  salts. 


Oxamic  ethers  may  be  formed  by  substitulum  of  ethyl-radicals  for  hydro- 
gen, either  in  the  group  NTI,,  or  in  the  group  OH  of  oxamic  acid,  the  re- 
sulting ethers  being  acid  in  r-Jic  lornicr  mum,  neutral  in  the  latter.  The 
neutral  ethers,  also  railed  nxnuu-Hi'mtn  [y.  fiuli'j,  arc  farmed  by  the  action  of 
ammonia,  in  the  gaseous  slate  or  in  alcoholic  solution,  on  neutral  oxalic 
ethers;  thus : 

(CI02!"(OC!H5'|a    +    NIT,  =    IIOGjHs   +    (C102)/-'(NH1)(OC1,Hs) 
Ethyl  oxalate.  Alconot  Ethyl  oxamato. 

They  are  crystalline  bodies  soluble  in  aleniml.  ilecomuniJod  by  boiling  water, 
yielding  ammonium  oxalate  and  tin."  corresponding  alcohol. 

The  acid  ethers  of  oxamic  acid,  coulsiiiiiiig  one  equivalent  of  alcohol- 
radical,  are  produced  by  dehydration  of  the  acid  oxalates  of  the  corre- 
sponding amines ;   thus: 

(CAr/(ONH,C,H.)(OH)    -    OH,    =     (C,Oa)"rMH(CJH5)](OH) 
Acid  ethylammonium  Ethylosamic  acid. 
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Methyloxainio  and  [ihcnyh.nanm:  acids  arc  also  known.  These  acid  ethera 
ilck  me:au:e:io  willi  cue  iiiniira:  (isiliulc  eihers  ci'jsr.iiijiiii;:  !ln;  same  ulcoiiol- 
radieals. 

The  replacement  of'  imt.li  the  hyclroiren-arurus  in  the  L'rniip  NH"S  in  oxamic 
acid,  would  also  yield  monobasic  acid  ethers  :  none  oi'  tliese  are,  however, 
known  in  the  free  scuts,  but  ilic  cilijlk  oilier^  ill'  dimethyl-  and  diethyl - 
oxarnic  acids  ham  been  obtained;    r.  y..  tHn/iic  lii-iiin'/iijl-cixamaie,  (CO,)"N 

The  i.-mtk  iif  oxulic;  aeicl  is  not  known. 

OxMiiDE,  N^CjO,)"^. —  This  compound   is  produced  by  the  action  of 

heat  on  neutral  afiummiuru  oxalate,  (p.  t.i;)li';.,  lint  is  more  nclvaiitusein,-1;.7 
prepared  by  the  action  of  ammonia,  on  neutral  ethyl  oxalate.  It  is  also 
formed  in  several  reae" :ous  Inim  eynnocrcTi  nr:il  evan.des:  nil  aqueous  solu- 
tion of  hydrocyanic:  acid,  rr.ixed  with  li vclroiit'ii  dioxide,  yields  a  crystal- 
line deposit  of  oxamido:   2CNH  -,-  H/l,'^  CftH.ll, 

Oxamide  is  a-  white,  light,  tasteloss  sinwaet-,  insoluble  in  cold  water, 
slightly  soluble  in  boilins  water,  insululile  in  alcohol.  Heated  in  an  open 
tube,  it  vo!!-,;i!i7i'K  and  t'ovnm  a.  cry  id  ml  line  sublimate  ;  Imf  iis  vapor,  passed 
through  a  red-hot  lube,  is  comple.iely  resolvm!  into  carbon  monoxide,  am- 
monium carboiuue.  Uyuruiryiiiiii;  acid,  anil  urea  ;or  earbamidc): 

20^,^0,     =    CO     +    C02    +    NH3    +     CHH    +    CNjHfi. 

mpose  it,  yielding  an  ammonium- salt  and  free 

CjNjH.O,    +     S04H2    +     211,0     =     S04(NH<),     -f     CaHsOt. 
Dwuthyloxamide,  Ni(C,0,)//Ht(CHi)i,  is  produced  by  the  dry  distillation 

>]'  luethyiamniuiiuiiL  oxalate: 


ni'le,  diphenyloxaroitle,  and  ditiapininlosair.iile, 


niiiM  Arms  of  juom-.R.  atomicity. 


fOH  fOH  fOH 

IW|«         (W,)»'{™.         (W,)"'{m, 

Malic  acid.  Malamie  acid.  Malamide. 

Malamide  is  deposited  in  sm&IJ  orystnlB,  when  ammonia-gas  is  passed  into 
an  alcoholio  solution  of  ethyl  roalate: 

CWLfOAJA        +        2NH3        =         2CSH80         +         C,H8N 03 
Ethyl  malatc.  Alcohol.  Malamide. 

Malamie  add,  .C4B,N04>  is  not  known  in  the  free  state ;  but  its  ethylic 
HostccibyOOOgiC 
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ether,  or  matametltniis.  Vilis(Ojl.)'SOi,  is  produced  as  a  crystalline  mass, 
when  dry  ethyl,  mutate  is  -a'.  .leased  iviih  ammonia-gas: 

C1H,(CJHb)105  +  NH3  =  CsH60  +  (LH^HjlNOj. 
Jll'il-.ani'/'  is  melamcric,  nut  identieal.  with  u/piiru;}i-n,  a.  su)isTnn(:e  found  in 
the  root  of  luarsh-nialiov,',  in  aiiiiai-iji-us-siniuts,  and  in  several  other  plants. 
To  prepare  nsparairin,  marsh -mniinv.'  run:s  are  clu  ( ■  r 1 1 ■  ■  1  small,  and  maee- 
i-nluil  in  the  cold  with  milk  of  lime;  the  filtered  liquid  is  precipitated  by 
carbonate  of  ammonia ;  and  the  clear  solut;ij!i  cYnparated  in  the  wator- 
hath  to  a  syrupy  state.  This  impure  nsparajiiu,  widen  separates  after  a 
few  days,  is  purified  by  re-crystallization.  Aspai-ajiin  forma  brilliant, 
Irniisparen:.  colorless  crystals,  which  have  a  faint,  cooling  taste,  and  arc; 
freely  soluble  in  writ  (jr.  especially  when  hot.  When  dissolved  in  a  saccha- 
rine liquid,  which  is  afterward  made  to  ferment,  or  when  heaicd  with 
water  under  pressure  ui  a  dmi!  vessel,  or  when  boiled  with  an  add  or  an 
alkali,  it  is  converted  into  ammonia  ami  a/.parti<:  i:i:.id.  an  acid,  metameric 
with  inalamio  aeid. 

Asparagiu  differs  from  nialamide  in  cysiaiiine  form?  :  moreover,  it  con- 
tains water  of  cvysialltzation.  i.he  coinoosii  inn  of  the  crystals  being  C,Ha 
Na03.HjO,  wheroaa  those  of  nialamide  are  anhydrous.  The  two  sub- 
stances differ  also  in  their  action  on  polarucu  lijdit,  nialamide  having  a 
specific  rotatory  power  of  — 47-5°,  whereas  that  of  asparagin  in  an  acid 
solution  is  — |-  30°,  and  in  an  auimoniacal  solution  — II"  IK'.  Lastly,  mal- 
amide, when  treated  with  alkalies,  is  easily  resolved  into  (" 
malic  acid,  whereas    asparagin,  as   already  observed,  yields 

The  difference  of  enusiiiutinu  between  these  nietamerie  bodies  may  be 
represented  by  the  following  formulae  : 

COOH  COOH  CONIIa  CONIIj  CONH, 

CHOH  CHNHa  CHOH  CHNH,  CHOH 

CH,  CH.  CH,  CH,  CH, 

JL  I  i  ■  JL 

COOH  COOH  COOH  COOH  CONH, 

Malic  acid.       Aspartio  Malnmie  Asparagin.        Malamide. 

acid.  acid. 

These  formula;  indicate  Unit  uspartio  n.md  is  hibasic,  malamic  acid  and 
asparagin  monobasic,  and  malamide  neutral.  Kow,  nialamide  is  certainly 
neutral,  and  asparagin  forms  salts  by  substitution  of  meials  for  one  of  its 
hydrogen -atoms.      The  basicity  o!'  inalainic  and   asyiartic   acids  is  not  very 

distinctly    made   out.      Asparlie    acid    is    CO lOnly   said  !o   be  i^oiiobasic, 

forming  neutral  salts,  like  (.'.,  ll(iK  Nil,,  ami  lihew  ice  basic  salts  ;  but  the  as- 
patatea  have  not  been  very  fully  investi gated,  and  it  is  quite  possible  that 
liiese  so-called  basic  salts  may  really  be  neutral. 

There  are  also  phcnyla.i.cd  amides  of  malic  aeid.  viz  ,  tlifhantl-miititmhh 
or  mttlanilidz,  C,Ilfi(C..I1.;-.,N.,0J,  ami  phMiil-Muiihii'k  or  n/alaml,  CuHgN09  = 
(CjHjOj)'"  "I  J) C  H  '  Proauceii  simultaneously  by  fusing  malic  acid  with 
aniline;  and  phesyl-malamic  or  nita-v  ae,:,l,  ('.11, .NO,  =  (C.H.O,)'" 
i  NH,    ,  obtained  as  an  ammonium-salt  by  boiling  phenyl-malimide  with 


Lastly,  the  action  of  lieai.  on  aeid  amtimiiiuui-iiialatc  yields  malamyl-nitrile, 
(C1[JjOj)'"N,  which  is  identical  with   the  iuiide  of  fumario  acid,  and  when 
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boiled  with  hydroclilnrio  or  nil  r.o  no  id,  yields  compounds  of  these  acids 
With  an  oplioiiily  inactive  varictv   nf  nripartin   acid :    (.!4!130./N  -J-  211,0  = 

Amides  Of  Citric  Acid.  —  Oitriuni,!,-.  N.li'("'cn.Oi)''/H,.,  is  u.  crystalline 
compound,  slightly  soluble  in  wilier,  »Ui:iir.cii  i.v  :W  notion  of  alcoholic  am- 
monia on  ethyl  or  methyl  citrate.  --  T^Ju-iiyt-ntn,,,^!,:,  S3(C8HsO,)'"(Cs 
HS)3H„  obtained  by  the  notion  of  heat  on  neutral  phenylammonium  citrate, 
CsH,(CaH8N)jO,,  from  which  it  differs  by  olljO,  crystallizes  from  alcohol 
in  colorless  striated  prisma. 

Citriroide  and  citrnmic  aeiil  are  not  known ;  but  phenylic  derivatives  of 
these  amides  have  been  obtained. 
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UNCLASSIFIED  ORGANIC  COMPOUNDS. 

There  are  still  many  organic  compounds,  especially  those  obtained  from 
natural  sources,  which  cannot,  in  the  present  state  of  our  knowledge,  be 
included  with  cert u inly  .in  either  .it"  the  pvceediug  groups  or  scries.  Some 
of  these  have  been  described  in  connection  wli.li  i  lie  muni  definitely  known 
compounds  to  which  t.lmy  are  most  closely  allied  in  their  origin  or  proper- 
ties. It  remains  to  describe  the  Organic  (  , i ; ..n ■  i t- -•  principles,  the  Resins 
and  Balsams,  and  the  Albuniiuuu;  and  (iohilinous  principles  of  the  living 
organism ;  these  List,  however,  w  iii  be  most  conveniently  described  under 
the  head  of  "  Animal  Chemistry." 


ORGANIC  COLORING  PRINCIPLES. 

The  organic  coloring  pri-ieiph-s  are  hiihsriinoc-  nf  very  considerable  prac- 
tical importance  in  relation  to  the  arls;  several  of  (hem,  loo,  have  been 
made  the  subjects  of  extensive  rind  successful  eheiniciil  investigation.  With 
the  exception  of  one  rod  dye,  coohineal,  they  are  all  of  vegetable  origin. 

The  art  of  dyeing  is  .founded  upon  an  ;i(I;r:i:y  or  attraction  existing  be- 
tween the  coloring  matter  of  the  dye  nnd  (ho  fibre  of  the  fabric.  In  wool 
and  silk  this  affinity  is  n-uaUy  very  coii.siderable,  ami  to  suoh  tissues  a 
permanent  stain  is  very  easily  ci-mmuniealed :  ln;t  iviiii  cotton  and  flax  it 
is  much  weaker,  Recourse  is  then  had  to  a  third  substance,  which  does 
possess  such  affinity  in  a  high  degree,  and  with  this  the  cloth  is  impreg- 
nated. Such  subsrauees  uvc  termed  firjrd'irds.  Alumina,  ferric  oxide,  and 
stannic  oside  are  bodies  of  this  class. 

"When  an  infusion  of  sonic  dye-wood,  as  loir"  owi,  for  example,  is  mixed 
with  alum  and  a  little  alkali,  a  precipitate  hills,  consisting  of  alumina  in 
combination  with  coloring  maker,  called  n  Uibi;  it.  is  by  the  formation  of 
this  insoluble  Substance  within  (lie  fibre  that  a  permanent  dyeing  of  the 
cloth  is  effected.  Ferric  oxide  usually  [rives  rise  to  dull,  heavy  colors; 
alumina  and  stannic  oside,  especially  the  laker,  to  brilliant  ones.  It  is 
easy  to  see  that,  by  applying  the  mordant  piriwlbj  to  the  cloth,  by  a 
wood-block  or  otherwise,  n  pukern  may  bo  produced,  as  the  color  will  be 
removed  from  the  ol  her  portions  by  washing. 

ladigo.  —  Indigo  is  the  most  important,  member  of  the  group  of  blue 
Coloring  matters.  It  is  the  producl  of  several  species  of  the  genus  Indigo- 
ftru,  which  grow  principally  in  warm  eliiiiiit.es.  When  the  leaves  of  these 
plants  are  placed  in  a  vessel  of  water  and  allowed  to  ferment,  a  yellow  sub- 
stance is  dissolved  out,  which  by  contact  of  air  heoomes  deep-blue  and  in- 
Soluble,  and  finally  precipitates.  This,  washed  and  carefully  dried,  con- 
stitutes the  indigo  of  commerce.  It  is  not.  contained  ready  formed  in  the 
plant,  but  is  produced  by  the  oxidation  of  somo  substance  there  present. 
.Neither  is  the  terni.cui.aiicn  essential,  as  a  mere  infusion  of  the  planl  in 
hot  water  deposits  indigo  by  standing  in  the  air. 

The  occurrence  of  small  i.uantiiies  of  indigo  in  urine  had  been  observed 

by  Hassall  and  others:    it  was,  however,  generally  considered  as  a  morbid 

secretion ;  but  lately  Dr.  Schuueh  1ms  proved  that  traces  of  indigo  may  be 

procured  from  healthy  urine.     The  process  by  means  of  which  this  object 
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may  be  obtained  is  rather  complicated,  for  a  description  of  this  process, 
and  Tor  it  full  account,  of  bis  researches  on  the  t'oi-niii t ion  of  indigo-blue, 
which  would  overtop  tin;  limits  of  this  elementary  work,  the  reader  is  re- 
ferred to  ])r.  Sciiiiiiij!:'-;  original  papers.* 

Indigo  comes  into  the  market,  in  the  form  of  cubic  cakes,  which,  when 
rubbed  with  a  hard  body,  o\h:biis  a.  cooper-  red  appearance  :  its  powder 
has  a  deep-blue  tint.  The  best  indigo  is  so  light  as  to  float  upon  water. 
in  addition,  id  llio  blue  coloring  maiiec,  or  true  ituiigo,  [i  coola-itis  lit  least. 
half  its  weight  of  various  impurities,  among  which  may  be  noticed  a  rod 
resinous  matter,  the  ht ■■%!>-, -c!  ■: .■  1"  IJc  radius  :  these  may  be  extracted  by  boil- 
ing the  powdered  indigo  in  ciiluiu  acid,  in  alk;ili.  soil  a  Iter  wards  in  alcohol. 

Pure  indigo  is  quite  insoluble  in  water,  alcohol,  oils,  dilute  acids,  and 
alkali 03 ;  it  dissolves  in  about.  IS  parts  of  touco-vjaued  sulphuric  acid, 
forming  a  deep-b'.ue  pail y  muss,  cmiriOy  solutjlc  in  water,  and  often  used 
in  dyeing;  this  is  sylpAindi/lir  or  *utphUi\li:;ud\\  add,  a  compound  analogous 
to  ethyl-sulphuric  acid,  capable,  of  fa.-oiug  with  alkaline  bases  blue  salts, 
which,  though  easily  soluble  in  pave  waier.  are  insoluble  in  saline  solutions. 
If  an  insufficient  quantity  of  sulphuric  acid  lias  boon  employed,  or  the 
digi;-i  ion  a  hi.  loo  a;  euouaii  ooulimied,  a.  purple  powder  is  left  an  di'.iiroiL-  i  he 
acid  mass,  soluble  in  a  large  quantify  of  pure  water.  The  ^ordhaascu 
acid  Eii-wd's  far  boner  for  dissolving  indigo  than  oeriinary  oil  of  vitriol. 
Indigo  may,  by  cautious  management,  be  yolaiiii/od  :  it.  forms  a  fine  pur- 
ple vapor,  which  condenses  in  brilliant,  copper-colored  noodles.  The  best 
method  of  subliming  ti.is  substance  :-,  according  to  Mr.  Taylor,  to  mix  it 
with  plaster  of  Paris,  make  the  whole  into  a  paste  with  water,  and  spread 
it  upon  an  iron  plate.  1  part  indij.o  and  i!  parts  plaster  answer  very  well. 
This,  when  0,1.:;.'.'  dry.  is  heated  by  a  spirit-lump:  the  volatilisation  of  the 
indigo  is  aided  by  the  vapor  of  water  disengaged  from  the  gypsum,  and 
the  surface  of  the  mass  be  conies  cavored  v.-ii  h  beautiful  crystals  of  pure  in- 
digo, which  may  be  easily  removed  by  a  thin  spatula.  At  a  higher  tem- 
perature, charring  and  decomposition  take  place. 

■  In  contact  with  deoxidizing  agents,  and  with  an  alkali,  indigo  sutlers  a 
very  curious  change  :  it  becomes  soluble  and  nearly  colorless,  perhaps  re- 
iurning  to  i.he  am-.-.e  stale  in  which  it.  existed  in  the  plant.  It  is  on  this 
principle  that  Iho  dyer  prepares  bis  in-iii/i,-  i<m :  ;"i  parrs  of  powdered  indigo, 
10  parts  of  green  vitriol,  'IS  par  is  of  slaked  lime,  and  tiO  parts  of  water, 
are  agitated  together  in  a  close  Vessel,  and  then  left,  to  stand.  The  ferrous 
hydrate,  in  ennjuTierien  with  the  excess  of  lime,  reduces  (he  indigo  to  I  lie 
soluble  scare;  a  yellowish  liquid  is  produced,  from  -which  acids  precipitate 
the  white  or  deoxidized  indigo  as  it  tluceuleul  insoluble  substance,  which  ab- 
sorbs oxygen  with  ihe  ^taaiiost.  avidity,  and  becomes  blue.  Cloth,  steeped 
in  the  alkaline  liquid,  and  then  exposed  to  ihe  air.  acquires  a  deep  and 
most  permanent  blue  tint  by  the  deposition  of  solid  insoluble  indigo  in 
the  substance  of  the  fibre.  Instead  of  ihe  iron  sr.lt.  and  lime,  a  mixture  of 
dilute  causilc  scan  met  grnoc-siiL-ar  di-snlved  in  alcohol  lr.ny  be  usee  :  ihe 
sugar  becomes  oxhli/c.i  to  formic  acid,  and  the  indigo  reduced.  On  allow- 
ing a  solution  of  this  description  to  remain  in  contact  with  the  air,  it  ab- 
sorbs oiytteu,  are!  iiepo«ils  the  Indigo  in  the  crystalline  state. 

The  following  formula)  represent  the  composition  of  the  bodies  just  de- 
scribed: 

Bine  insoluble  indigo     ....        CaIIBNO. 
White,  or  reduced  indigo  -f    .  .         Cl6li,.,N,0,. 

Sulphindylic  acid  ....  CaH6NO.  SO,. 

*  Memoirs  of  tlte   Litomrv  nnrl   l'l::iefr.t.l,:c!!l   Society  of  Mavclieftliu',  vol.  xil.  177;  sir.  181, 

S:a> ;  nNu  l'tiLl-:js.i>).L«-.l  Uic.c.v. ::;,  ,..;:::   m.»;  \lA.  xv.  29,117. 

t  i'i-ol'iTle/,.wiv.7:;;..:...('  i i.    !■■    vet  view;  i ■ I  i:i j  ,  nou 
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Products  Of  the  Decomposition  of  Indigo.  —  The  products  of  the  de- 
structive modifications  ul'  indigo  by  powerful  oheiuieu;  agents  of  an  oxi- 
dizing nature  are  ImiIl  numerous  ami  interesting,  i r ; u h  1 1  [  1 1 c  1 1  a.s  ihey  connect 
this  substance  in  a  very  curious  inanimr  will)  several  other  groups  of 
organic  bodies,  especially  with  those  of  the  salicyl  and  phenyl  series. 
Mi'i'i i y  of  Ihein  are  exceedingly  boamifui,  ami  possess  very  remarkable  pro- 
perties. 

IsAIIH,  G3H,NOj.  —  To  prepare  this  substance,  which  contains  the  ele- 
ment.* of  indigo  with  I.  atom  of  oxygen,  1  part  of  indigo  minced  to  fine 
powder,  nod  rubbed  to  *  paste  with  waior,  is  gently  heaicd  with  a  mixi.nre 
of  1  pan  of  Hijlpiiut-ju  acid  ami  1  pari  of  puiiissiiim  biobnouato  dissol ved 
in  20  or  80  parts  of  water.  The  indigo  dissolves,  ivii.li  very  slight  disen- 
;!■!!;_" 'in !i'ii.  of  carbon  dioxide,  towards  too  end.  forming  a  ytd low- brow  n 
solsirieu,  w'liicli.  on  s'ouding,  deposits  impure  i^tthi  in  crystals.  Thes  n  are 
collected,  slightly  washed,  and  red  inn  oived  in  boiling  water:  the  filtered 
solution  on  cooling  deposits  the  initio  in  a  stale  of  purity.  Or,  powdered 
indigo  may  be  mixed  with  water  to  a  thin  paste,  healed  to  the  boiling  point 
ina  largo  capsule,  and  nitric  acid  added  by  small  portions  until  the  blue 
color  disappears  :  the  whole  is  I  hen  largely  diluted  with  boiling  water,  and 
filtered.  The  impure  isatin  winch  separates  on  cooling  is  washed  with 
water  containing  a  little  ammonia.,  and  reery.stallizod.  Both  these  pro- 
oesses  require  careful  management,  nr  the  oxidizing  action  proceeds  too 
far,  and  the  produet  is  destroyed. 

Isatin  forms  deep  yellowish-red  prismatic  erystals  of  great  beauty  and 
lustre:  it  is  sparingly  soluble  in  cold  water,  freely  in  boiling  water,  and 
also  in  alcohol.  The  solution  colors  the  skin  yellow,  and  causes  it  to  emit 
a  very  disagreeable  odor.      Tsat.in  cannot  be  sublimed. 

A  solution  of  putash  dissolves  isatin  with  purple  color  :  from  this  solution 
acids  precipitate  the  isatin  unchanged.  On  boiling,  however,  the  color  is 
destroyed,  and  the  liquid  yields  on  evaporation  crystals  of  the  potassium- 
salt  of  iaalic  acid,  CBH,NOj.  In  tho  free  state  this  is  a  white  and  imper- 
fectly crystalline  powder,  soluble  in  water,  and  easily  decomposed  into 
isatin  and  water. 

By  chlorine  isatin  is  converle.l  into  e.', ,'e.r is e, 'hi,  C.ll^.'INOj,  a  body  closely 
resembling  isatin  itself  in  properties.  If  an  alcoholic  solution  and  excess 
of  chlorine  be  employed,  nt.her  products  make  their  appearance,  as  chlortmil, 
CjCl^Oj,  trichlorojih-iii-.i!,  t.'6ILt'i30.  :iu:l  n  resinous  substance.  The  former 
of  these  substances,  the  position  of  which  in  the  quinone  series  has  been 
already  noticed  (p.  bJiVi,  yienls  further  products  with  potash  and  ammonia. 
Bromisaiin  is  easily  formed.  Tho  change  which  isatin  and  its  chlorinated 
and  brominatetl  congeners  undergo  when  submitted  to  the  action  of  fusing 
potassium  hydrate  has  been  already  considered  in  the  section  on  tho  Or- 
ganic liases  (p.  740). 

Exposed  to  the  aciiou  of  hydrogen  and  r.mmoiiiiini  sulphide,  isatin  yields 
several  new  compounds,  as  inti(i> ;,,;:/■:.  vf'plt'natkyde,  &c. 

A  hot  solution  of  isatin,  treated  wiih  ammonium  sulphide,  gives  rise  to  a 
deposit  of  sulphur,  a  while  crystallized  substance  being  produced  at  the 
same  time:  it  has  received  the  name  of  isi:t!ojth:  and  contains  CalT„NO,. 
It  bears  to  isatin  the  same  relation  as  while  to  blue  indigo.  If  the  am- 
monium sulphide  be  replaced  by  hydrogen  sulphide,  lis-i'/'hisalkyde,  CBH6NOS, 
is  produced,  which  is  derived  from  the  former  by  substitution  of  one  atom 
of  sulphur  for  oxygen.  An  alcoholic  solution  of  potash  converts  this  last 
compound  into  sidplhiathmle.  CI l6II  11N'10j,S,  or  a  double  molecule  of  iaathyde 
in  which  one  quarter  of  the  oxygen  is  replaced  by  sulphur.  Under  the  in- 
fluence of  cold  aqueous  solution  of  pmash,  bisulpMsat.hydc  yields  indin, 
CjHjNO,  which  is  polymeric  with  white  indigo.     When  treated  with  boiling 
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j:or.:i5li,  imlin  fixdK  ihi'  elements  of  one  molecule  of  water,  and  beer-lues  in- 
dime  acid,  C8HaNOa,  the  potassium-sail  of  which  forms  flue  black  needles. 

Ammoniacal  gas  ami  soluiion  of  ammonia  vie] J  with  isatin  a  series  of 
interesting  substances,  containing  the  nitrogen  of  the  ammonia  ill  addition 
to  that  of  the  isatin. 

Action  of  Cht.obine  on  InpigO.  — In  the  dry  stale  chlorine  hits  no  action 
whatever  On  indigo,  rvcn  at  the  tet!ipcra:ure  of  100°.  In  contact  with  wa- 
ter, the  hluc  color-  is  instantly  destroyed,  and  biiiioi.  agahi  he  restored. 
The  same  thing  happens  v,  icli  the  til  up  -ojniioo  o:  Hnl|ijjiriflylie  acid.  When 
chlorine  is  passed  into  n  mixture  of  powdered  indigo  and  water  until  the 
color  disappears,  ami  the  product  is  ihcu  distilled  iuifi  a.  retort,  water  con- 
taining hydro ohlorii!  acid  and  a,  mixture  of  two  volatile  bodies,  trichloran- 
iline,  C6HjClaN,  and  triohiorophcnoh  lyLfUjO.  pass  over  into  the  receiver, 
while  the  residue  in  the  retort  is  found  u>  contain  chlorisa.tin,  already  men- 
tioned, and  bicltfo-riia'in,  1.^.11, C'.JSO.,.  much  resembling  the  former,  but  more 
freely  soluble  in  alcohol.  Both  these  bodies  yield  acids  in  contact  with 
boiling  solution  uf  pola.sh,  by  assimilating  the  elements  of  water. 

The  action  of  bromine  on  indigo  is  very  similar. 

AniliC  AND  Finnic  Acids.  —  Anilic  or  intligotic  acid  is  prepared  by  add- 
ing powdered  indigo  to  a  boiling  ttsi^ziiivo  of  1  part  of  nitric  acid  and  30 
par's  of  water,  until  the  disengagement  of  gas  ceases,  filtering  the  bol. dark- 
colored  liquid,  and  allowing  it  to  si  and.  Tlio  impure  nnilio  acid  so  obtained 
is  converted  into  the  load-salt,  which  i-  puriiicd  by  crvsiallij.ation  and  the 
use  of  animal  charcoal,  and  then  decomposed  t.y  sulphuric  acid.  Atiilic 
acid  i'oi'jiis  line  white  or  yellowish  needle?',  which  have  a  feebly  acid  taste, 
ami  a  vi-ry  spari.;:g  degree  uf  seljln'.::  y  irs  cold  ■.■.■an;  v.  in  hot  water  and  in 
alcohol  it  dissolves  easily.  It  ntells  when  heated,  and  on  tooling  assumes 
a  crystalline  structure.  By  careful  management  il  mny  be  sublimed  un- 
changed. Anilio  acid  contains  l';!l',,S(.)6  =-  0.1]fi(X0,)O3.  The  fame  acid  is 
readily  prepared  from  salicylic  acid  (j>.  (iiiu).  lleucc  it  is  more  apprn- 
priatelv  called  ■iid.rosalicylic  odd. 

Fieric,  earbazotic,  or  nUtimhenim  mid.  CsII.,(N0,),O.  already  described 
among  the  derivatives  of  phenol  (p.  li">2),  is  also  one  of  the  ultimate  products 
of  t.hu  ac.ion  of  nitric  ue.id  upon  indigo. 

Products  of  the  Action  of  PoTAssir-i  Ilviin.cra  t.ieo.v  Indigo. —  One 
of  the  most  remarkable  of  those,  aniline,  has  been  already  described  J  p. 
73D).  When  powdered  indigo  is  l.ioile.d  wiili  a  very  concentrated  solution 
of  caustic  potash,  it  is  gradually  dissohed,  villi  the  exception  of  some 
brownish  fiocculent  matter,  anil  the  linuid  on  cooling  deposits  yellow  crys- 
tal- of  the  mjfassiuiii-sa.it.  of  cltrtimnilk  utid,  uhich  can  be  procured  in  a.  purer 
state  by  dissolving  the  crystals  in  water,  tilieriug  t'rom  repri,dttced  indigo, 
and  adding  a  slight,  excess  of  mineral  acid.  Chrysatiilic  acid  can  be  ob- 
tained in  indistinct  crystals  from  weak  alcohol  :  ir  is  supposed  to  coutain 
CSgtI„N(Og;  but  it  is  very  probably  a  mixture  of  several  substances,  cspe- 
cialiv  italic  acid. 

When  this  substance  is  boiled  with  minera!  acids,  it  is  decomposed  into 
anthranilic,  or  phmyl-carl./.-mic  acid,  t.yi^NO.,  (p.  77<>),  which  remains  in 
solution,  and  a  bloc  insoluble  matter  resembling  indigo:  a  similar  effcel  is 
slowly  produced  by  the  aclioi.  of  1  he  air  upon  an  alcoholic  solution  of  chrys- 
anilie  acid.  Anthranilic  field  is  colorless,  sparingly  soluble  in  cold  water, 
easily  soluble  in  alcohol.  It  meks  when  healed,  sublimes  under  favorable 
circumstances,  but  decomposes  entirely  when  heated  in  a  narrow  tube  into 
carbon  dioxide  and  aniline.  By  treatment  with  nitrous  acid,  it  is  converted 
into  sulicvlio  acid. 

According  to  Cahours,  pure  indigo  can  also  be  converted  into  salicylic 


liehens. —  Litmus  is  used  by   the  dyer  as  a  red  coloring  matter;  the 

chemist  employs  il  in  the  blue  state  as  a  test  for  the  presence  cl'  acid,  liy 
which  it,  is  instantly  reddened. 

In  preparing  test-papers  for  chemical  use.  with  infusion  of  litmus,  good 
writing  or  drawing  paper,  i'vce  from  a'.um  ami  cl  Illiv  add  salts,  should  be 
chosen.  Those  sheets  u-hiisii  after  drying  exhibit  veil  spots,  or  patches, 
may  be  reddened  completely  by  a  little  dilute  acelic  acid,  and  used,  with 
much  greater  advantage  than  tumcdc-paper,  to  discover  the  presence  of 
free  nlkali,  which  re-to^es  :!io  blue  color. 

Many  liquids,  when  exposed  in  a  moist  er.e'.l  state  to  t  lie  action  of  ammo- 
nia, yield  purple  or  blue  coloring  principles,  which,  like  indigo,  do  not 
pre-exist  in  the  plant  itself.  Thus,  the  Uocm.Uk  Hrtctarhi,  the  Variularia  or- 
cina,  the  Lecanora  '.irin.-a,  S,i!..  when  ground  t.o  paste  with  water,  mixed 
with  putrid  urine  of  solution  of  auttnotjium  cai-bonere,  and  loft  for  some 
time  freely  exposed  to  the  air,  furnish  the  urcii'l,  li'j,»/<,  and  cudbear  of  eom- 
meree,  very  similar:  subs!:; in-':-;.  diil'iaa:);;  childly  i:i  the  details  of  the  pre- 
paration. From  these  the  coloring  matter  is  easily  extracted  by  water  or 
very  dilute  solution  of  ammonia. 

The  lichens  hare  been  extensively  examined  by  Scliunok,  Stenhouse, 
and  several  "Other  chemists.  The  whole  subject  has  been  lately  revised  by 
Streaker,  whose  formula)  have  been  adopted  in  the  following  succinct  ac- 

ErytHrcc  Acid. —The  lichen  R„cc.:!Ia  tmrtoria,  from  which  the  finest 
kind  of  archil  is  prepared,  is  boiled  with  milk  of  lime;  the  filtered  solu- 
tion is  precipitated  Sty  hydrochloric  acid,  ami  the  precipitate  dried  and  dis- 
solved in  warm,  not.  boiiiui;  alcohol,  trotn  which  on  cooling  crystals  of  ery- 
tlirio  acid  are  deposited.  This  is  a  very  feeble  acid,  colorless,  inodorous, 
difficultly  soluble  in  cold  anil  even  iu  boiling  water,  readily  soluble  in  ether, 
lis  solution,  when  mixed  with  chloride  of  Time,  assumes  a  blood-red  color. 
Boiled  with  water  for  some  iituc.  crytltrb  acid  absorbs  one  molecule,  and 
yields  pkro-enjlluiii,  a  eiyslaUly.able,  hitter  principle,  and  orsdliiiie  add.  If 
the  ebullition  be  continued,  the  orse.llinit.'.  acid  undergoes,  a  further  change, 
bein«  converted  into  orcin  (p.  552). 

Picro-erythrin,  boiled  with  baryta-water,  is  decomposed  into  orein,  ery- 
thrite  (p.  571),  and  carbon  dioxide. 

The  composition  of  these  various  substances  is  expressed  by  the  follow- 
ing formula;: 

Erythrie  aoid t;,0lt,.Olc. 

Orsellinic  acid CyUO,. 

Picro-erylhrin C„1I190,, 

Orcin C,HBOs. 

And  the  successive  choices  which  occur  by  tht^'tiiou  are  represented  by 
the  following  equations: 

CS0H?iOlo       4.       HsO       =      CaH„Oj        +        C„H16Or 
Erythric  acid.  Orsellinic  acid.        Piero-erythrin. 

C.H.O.        =        C,HaO.       +        CO,. 
Oi-Scllimc  acid.  Orcin. 

C„H190,     -f     HjO     =    C,HB02    +     C.HM0,     +     CO,. 
Piero-erytlirin.  Oroin.  Erythro- 
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Lecanoric  or  Aj.vtiA-OTisv.r.Lic  Acni  Is  obtained  from  the  South  Ameri- 
can variety  of  Roweli'i  tinei'iria.  The  prepaialion  and  the  properties  ui' 
this  substance  are  perfectly  analogous  m  those  of  oi-ylhrie  acid.  It  con- 
tains li13ll,,0,,  and  likewise  yields  ovscllinic  acid  by  boiling   with  batyia- 


If  the  ebullition  bn  loo  long  continued,  a  great  portion  of  the  orselliuic 
acid  is  converted  into  or-cin. 

Oksellinio  Aciii,  whether  prepared  from  erythric  or  lecanoric  acid, 
forms  crystals  which  are  far  in  hit  soluble  in  water  limn  either  of  the  acids 
from  which  it  lias  hern  prepared.  Its  taste  is  somewhat  bitter,  lioiled 
witii  water  ii.  Yields  on/in  ;  uialer  the  iiilluenoc  uf  air  mid  ammonia,  il-  as- 
sumes a  beautiful  purple  color. 

!f  the  lichens,  inslciid  of  being  treated  with  riiillc  of  lime,  are  exhausted 
with  boiling  alcohol,  I  he  ervtbric  and  lecanoric  acids  are  likewise  decom- 
posed; bot  instead  of  orselliiiic  acid,  the  ether  of  this  substance,  CBH, 
(C2U.)04,  is  formed.  This  ether  was  formerlj  described  under  the  name 
paaiao-erylhrm,  until  Dr.  Kelumck  pointed  out  its  true  nature.  Ethyl  orsel- 
liaate  may  be  likewise  produced  by  boiling  pun:  orsclliitic  acid  with  alco- 
hol. It  crystallines  in  colorless  lustrous  plates,  which  are  readily  soluble 
in  boiling  water,  alcohol,  and  ether. 

Beta-obsellic  Acid  ia  found  in  SoeetOa  tinetoria  po*n  at.  the  Cape:  it 
is  obtained  !ike  crytliric  a.nd  alpliu-orscllic  acid,  which  it  resembles  in  pro- 
perties.     Beta-orsellic    acid    contains   C(1lls,Oir;:  by  boiling  with  5 


Alu,:    oj   uoiiuig   wiin   wilier  11 

h  hair-like  crystals  of  a  silvery 
■.r-Jlimv.  which  lias  the  composil  lull  C]6ii10flr 
2C8Ha04        +         C18H,60, 

rsc::i!ii,i  acid.  Boocclliuin. 


Evehniu  Acm  is  extracted  by  milk  of  lime  from  Krmva.  primaslri,  which 
was  formerly  believed  to  contain  lecanoric  actd.  Evcrnic  acid  is  very  diffi- 
cultly soluble  even  in  boiling  water:  it  assumes  a  yellow  color  with  chloride 
of  lime.  When  boiled  with"  an  alkali,  it  yields  another  crystalline  acid, 
m.nUmc  <i<:!.-1,  differing  from  the  preceding  by  its  free  solnljilily  in  boiling 
water.  The  composition  of  evcrnic  acid  is  represented  by  the  formula 
Cl7Hl60-,  that  of  eveminic  acid  by  <VTi'i'V  Evcrnic  acid,  when  boiled  for 
a  considerable  titae  with  brirvta.  yieid-  oioin  :  overninic  acid  does  not  give 
a  trace  of  this  substance.  II  ts  therefore  probable  thai  evcruie  acid,  under 
the  influence  of  alkalies,  yields,  in  addition  to  eveminic  acid,  likewise 
orselliniu  acid,  from  which  the  orein  is  derived,  and  that  this  decomposi- 
tion is  represented  by  the  equation  : 

C17H,60,    -f     HaO    =    C.H9Ot      +      C9H,q04 
Evernic  acid.  Oi'sellinic  acid.     Eveminic  acid, 

Parellic  Aciii.  —  Lr.i-mior?  parnlbi  contains  an  acid  probably  analogous 
l.o  erythric,  alpha-orsellic,  botn-orseliie,  and  evcrnic  acids,  the  composition 
of  which  is.  however,  still  unknown,  iiy  boiling  with  baryta  it.  yields  oiscl- 
linic  acid  and  parellii;  add,  C,H604. 

Owns,  C,HsO,,  is  the  general  product  of  doeonimisii  ion  of  the  acids  pre- 
viously described,  nailer  Ibe  influence  of  lieat  or  alkaline  earths.  It  is  a 
diatomic  phenol,  and  has  already  boon  described  tinder  that  head  (p.  562). 
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In  contact  with  ammonia  mid  oxygen  ii.  is  converted  into  a  deep-red  Color- 
ing matter  culled  orcein,  C,H,NOj. 

Other  substances  arc  o-jrjii.«:ijn7itT v-  present  in  lichens:  thua,  the  Usnaa 
barbata  and  several  u')i-;;r  lichens  contain  nvi/.r.  -ir'nl,  a  sohstanee  crystallizing 
from  aloohol  in  line  yeltuw-isb-w-hito  iifcdlt'B  with  metallic  lustre,  having 
the  formula  C,9H|30,.  It  gives  no  oroin  l;j  distillation,  but  a  substance 
similar  to  it,  which  probably  contains  CSH ,/),.  ami  has  been  designated  by 
the  name  of  betti-nrein.  The  I'vniidi't  jmrii-jiim  furnishes  another  new  sub- 
stance, ckn/soplianic  acid,  crystailmag  in  lino  golden -yellow  scales,  and  con- 
taining ClarT8Os.  It  is  a  yerj  stable  substance,  and  may  be"  sublimed 
without  much  decomposition.  The  same  body  is  present  in  rhubarb,  to- 
gether with  emotliii,  a  principle  closely  resembling  thrysophanie  acid. 

Cochineal.  — This  is  a  little  insect.,  the  C*t«-c«s  cacti,  which  lives  on  several 
sviocios  ill'  cactus,  fotnid  in  warm  climates,  and  cuitivnted  for  me  purpose, 
as  in  Central  America.  The.  dried  body  of  the  insect-  yields  to  witter  and 
alcohol  a.  ma.guiticent  rod  coloring  matter,  |irooipitable  by  alumina  mid 
oside  of  tin:  carmine  is  a  yiroparo.tion  of  'his  kind.  In  cochineal  the  color- 
ing matter  is  associated,  with  several  inorganic-  sabs.  especially  phosphates 
and  nitrogenous  substances.  Mr.  Warren  lb;  J.a  line,  who  has  published 
a  very  elaborate  investigation  of  cochineal."-  lias  separated  the  pure  color- 
ing matter,  which  lie  calls  vmmiiic.  m:id,  by  the  I'ollowdng  process:  The 
aqueous  decoction  of  the  insect  is  avec:  |ii:ateil  by  lend  nee  (ate,  and  the  im- 
pure lead  cariuinalc  washed  and  decomposed  by  hydrogen  sulphide:  the 
Coloring  matter  thus  sepa  rated  is  snbu  tilted  again  to  the  same  treatment. 
A  solution  of  caruiiuic  acid  is  thus  obtained,  which  is  evaporated  to  dry- 
ness, redissolvc.l  it)  absolute  alcohol,  ami  digested  with  crude  lead  car- 
bonate, whereby  a  small  quantity  of  phosphoric  acid  is  separated,  and, 
lastly,  mixed  with  ether,  which  .so  pa  rat  cs  a  trace  of  a  nitvofr&iious  substance, 
The  residue  now  obtained  on  evaporation  is  pure  oarminie  acid.  It  is  a 
purple-brown  mass,  yielding  a  line  red  powder,  soluble  in  water  and  alco- 
hol in  all  proportions,  slightly  soluble  in  ether.  It  is  soluble  without,  de- 
composition in  concentrated  sulphuric  acid,  hut  readily  attacked  by  chlorine, 
bromine,  ami  iodine,  which  clmnfro  lis  color  to  yellow.  It  resists  a,  1cm- 
poratiire  of  ISiF  C.  ;t!77°  F.j.  but  is  charred  wlien  healed  moic  strongly. 
Carminic  acid  is  a  feeble  acid.  The  composition  of  the  substance,  dried 
at  120°  C.  (248°  P.),  is  represented  by  C,,!  I  ,,<>,.  which  formula  is  corrobo- 
rated  by  the  analysis  of  a  copper  compound,'  :'[',.,! !.,,(.)B .  CuO. 

By  the  action  of  nitric  a.eid  upon  cavminie  acid,  there  is  formed.  lo;;e;lic.r 
with  oxalic  acid,  a  splendid  nitrogouotleil  tieid,  cryslnllbhig  in  yellow 
rhombic  plates.  This  substance,  to  which  the  name'  mtrncoccmic.  acid  was 
given,  is  bibasic:  it  Contains  CsH5Na0,,,  It.  is  soluble  in  cold,  more  so  in 
boiling  water,  and  readily  soluble  in'  alcoiiol  and  ether.  Nitrococousic 
acid  is  evidently  derived  from  a  non-nil  rogotious  compound  in- which  part 
of  the  hydrogen  is  replaced  by  N02.  Like  all  substances  of  this  class,  it 
explodes  when  heated. 

In  the  mother-liquor,  from  which  the  oarminie  acid  has  been  separated, 
De  La  Rue  discovered  a  white,  crystalline,  nitrogenous  substance,  for  which 
he  established  the  formula  CfHu^(>,.  This  substance  is  identical  with 
tyrosine,  which  will  be  mentioned  in  the  section  on  Animal  Chemistry. 

Madder.  —  The  root,  of  the  Il-i-'ii-t  lin-ini-nin..  cultivated  in  southern  France, 
the  Levant,  &c,  is  the  most,  permanent,  and  valuable  of  the  red  dye-stuffs. 
In  addition  to  several  yellow  coloring  matters,  which  are  of  little  impor- 
tance for  the  purposes  of  the  dyer,  madder  contains  two  red  pigments, 
which  are  called  uiiiurin  and  jmrjuiriti.      These   substances  have  been  the 
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subject  of  very  extensive  researches  by  .Debus,  lliggins,  and  especially 
SSciumok.  TUe  latest  papers  mi  madder  have  been  published  by  Wolii  and 
Slrocker,  whose   t'ornaiko  are  quoted  in  the  following  abstract: 

Aiizabik. — Tim  aqueous  decoction  of  madder  is  precipitated  by  sul- 
phuric acid,  and  tlie  i-.i-ccij.iii :il e  ivashod  and  boiled  with  aluminium  chlo- 
ride, which  dissolves  the  veil  pigments,  an  insoluble  brownish  residue  re- 
maining behind.  The  solution,  when  mixed  with  hydrochloric  acid,  yields 
a  precipitate  eonsi-.titig  chiefly  uf  alizarin —  still,  liuwcvor,  contaminated 
with  purpurin.  The  impure  ;,li/ariu  thti>  obtained  its:i. v  be  further  purified 
by  again  throwing  down  i  lie  alouliolio  solution  with  aluminium  hydrate,  and 
boiling  the  precipitate  wkh  :i  concent  ratea  scuiiion  of  soda,  which  leaves 
a  pure  compound  of  alumina  and  aii/arin  la-bind.  Prom  this  the  alizarin 
is  separated  by  hydrochloric  acid  and  recrysin':l;ze.d  from  alcohol.  Pure 
alizarin  crystallizes  in  spamdid  red  prisms,  which  may  be  sublimed.  It  is 
hut  slightly  soluble  in  water  and  in  alcohol,  but  dissolves  ill  concentrated 
sulphuric  ueid  with  a  do  op  rod  color.  On  addition  of  v.- a  rev.  the  coloring  mat- 
ter is  reprecipi  tale.  I  unchanged.  Ii  is  a  Iso  sol  able  in  a',  k  a  Line  liquids,  to  which 
it  imparts  a  magnificent  purple  color.  It  is  insoluble  in  cold  solution  of 
alum.  Alizarin  is  the.  chief  oolonng  mailer  of  madder;  it  contains  ClotfB 
Oj.2H20,*and  is  a  feeble  acid:  a  few  definite  compounds  with  mineral 
oxides  have  been  prepared,  among  which  n  lime  compound,  4C,0H.O3. 
3CmH,jOs,  may  be  mentioned.  The  action  of  nitric  acid  upon  alizarin  gives 
rise  l.o  t.lie  formation  of  oxalic  acid  and  pblhalic  acid  (p.  666): 

C10HeOj    +     H,0     +      0,     =     CsH204      -f      CjIIjOj 
Alizarin.  "  Ththalic  acid. 

PnarirEiN.  —  Madder  is  allowed  to  ferment  and  then  boiled  with  a  strong 
solution  of  alum.  The  solution,  when  mixed  with  sulphuric  acid,  yields  a 
red  precipitate,  which  is  purified  by  re-orystaijzaiinn  from  alcohol.  Pur- 
purin  thus  obtained  crystallizes  in  red  needles,  which  contain  C8H50,.  11^0, 
i.  e.,  one  atom  of  carbon  less  t  Uati  alizarin.  TV hen  treated  with  nitric  acid, 
purpurin,  like  alizarin,  furnishes  oxalic  ami  pbthalic  acids,  Purpurin 
likewise  contributes  to  the  tinctorial  properties  of  madder,  but  less  so  than 
alizarin.  Together  with  aliza.vin  .and  purpurin,  several  other  substances 
occur  in  madder,  among  which  may  be  noticed  an  orange,  pigment,  rubiacin, 
convertible  by  oxidizing  agents  into  a  peculiar  :Loid,  n/'ji'/eie  add,  a  yellow 
pigment,  xanthm,  a  bitter  principle,  tnhi.up.,  sugar,  pectic  acid,  and  several 

Garandn  is  a  coloring  material,  \i  hi  eh  is  produced  by  the  action  of  sul- 
phuric acid  upon  madder.  This  substance  possesses  a  higher  tinctorial 
power  (ban  madder  itself. 

The  beautiful  Turkey-red  of  cotton  cloth  is  a  madder  color;  it  is  given 
by  a  very  complicated  process,  the  theory  of  which  is  not  yet  perfectly 
elucidated, 

SafHower.  —  This  substance  contains  a  yellow  and  a  red  coloring  matter, 
the  latter  being  insoluble  in  water,  but  soluble  in  alkaline  liquids.  The 
saffiower  may  be  ex  li  an -ted  witii  water  acidulated  with  acetic  acid,  and  the 
solution  mixed  with  lend  acetate,  and  filtered  from  the  dark- colored  impure 
precipitate.  The  lead  compound  of  the  yellow  pis-merit  may  then  be  thrown 
down  by  addition  of  ammonia  and  uecumpose.l  by  sulphuric  acid.  In  its 
purest  form  the  yellow  mailer  constitutes  a  deep  yellow,  uncrystallizable, 
and  very  soluble  subsl.imec.  very  prone  to  oxidation.  In  its  lead-eompound 
it  has  probably  the  composition  C!wHaO,j. 

The  red  matter,  or  cartiitt-mm,  is' nlit'iiitied  from  the  residual  salflower  by 

a  dilute  solution  of  sodium  carbonate;   pieces  uf  cotton-wool  are  immersed 

*  -Ai'i/oriinifi  to  SYluniok,  tin-  J'.irmiilii  uf  alif.iiili  is  t'iJt:A' 
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in  the  liquid,  and  acetic  acid  gradually  added.  The  dried  OoUon  is  then 
digested  in  a  fresh  (i^autity  of  the  alkaline  solution,  and  the  liquid  supersatu- 
rated with  citric  acid, which  throws  down  tkecarthamiu  in  oariuine-rcd  flocks. 
1 1  loi-sns,  when  pure  and  ih-y.  an  ji]j n. r [.1l o u h,  liHlliaul,  gi'ccti  powder,  n  curly 
insoluble  in  water,  "but  soluble  iu  alcohol  wilh  sp:enuid  purple  color.  It 
contain-  CMHieOr 

Brazil-wood  and  Logwood  give  red  and  purple  infusions,  which  are  largely 
used  in  dyeing:  the  coloring  principle  u>  logwood  is  termed  hematoxylin, 
and  has  been  obtained  in  cry  .-it  ills.  I" 'is  tubs'  anee  contains  C^rl^Of.  Acids 
brighten  these  colors,  and  alkalies  render  them  purple  or  blue. 

Among  yellow  (lysis,  quercitron  Lark,  JutHr-wood,  and  Mijfron  may  be  men- 
tioned, and  also  turmeric :  these  ;iii  gi>e  yellow  infusions  1.0  water,  and  fur- 
nish more  or  less  permanent  colors. 

Purree  or  Indian  yellow,  a  body  of  unknown  origin,  used  in  water-color 
painting,  is,  according  10  the  researches  of  Pteniiousc  and  Erdmann,  a 
compound  of  magnesia  with  n.  substance  tcrms:d  pur-ear:  or  eitxaiithk  acid. 
The  hater,  when  pure,  cryslalUies  hi  nearly  colorless  needles,  sparingly 
soluble  in  cold  water,  imd'of  Bwccrish-bitier  taste.  It  forms  yellow  com- 
pounds with  the  alkalies  ami  earths,  and  is  documnosed  by  heat,  with  pro- 
duction of  a  neutral  crystal  linn  sis  bli  male,  purr  moat  or  titr.anthone.  Purreic 
acid  contains  C;l,H.1601j,  purreuone  C,0il,..Oh  lly  the  action  of  chlorine, 
bromine,  and  nitric  acid,  a  series  of  substitution-products  are  formed. 

Frangulin,  <Y !(.<>..,  fruiu  Hfaumuss  jruvyuiu,  tns  been  ulteinly  mentioned 
aa  a  triatomic  phenol  (p.  671). 


Morindin,  CjBIJ3„Ols,  in  a  ye'lnw  ery-lalVme  adoring  mutter,  occurring  in 
the  Toot  of  Mormdu  ciiri/'dut,  oaiicil  Sorairiii-.  in  ilie  1'nsi.  Indies.  When 
heated  it  is  converted  into  a  beautiful  crvstailino  lioi'y,  morindone,  contain- 
ing CHH,0OE. 

Aloes. —  Certain  of  the  proline'.?  of  the  udion  of  nilrie  acid  upon  oloes, 
very  much  resemble  some  of  the  derivatives  of  indigo,  without,  however, 
it  seems,  being  identical  with  tliem.  1'owdered  aloes,  heated  for  a  consid- 
erable time  with  excess  of  moderately,  strong  nil  rie  aeid,  yields  a  deep-red 
solution,  which,  on  cooling,  tk-posil*  si  yellow  crystalline  mass.  This,  puri- 
fied by  suitable  menus,  con -dilutes  e.!,ri/x«i:inw:.  uchi :  it  crystallizes  in  golden- 
yellow  scales,  which  have  n  bili.er  iaste,  and  are  bul  sparingly  soluble  in 
water.  Its  potassium-salt,  has  a  carmine-rod  tint,  and  exhibits  a  green  me- 
tallic lustre,  like  that  of  muroxido.  The  formula  of  clirysammio  seid  is 
not  perfectly  established.  .It  is  probably  t:Jl.,iS  ,t),.  or  C7ll.,(HO!)iO,.  Like 
picric  acid,  it  yields,  with  chloriilo  o'f  linn:,  ridoropim-in'  The  mother- 
liquor,  from  which  ilie  chrysaiiuiii.c  acid  has  been  deposited,  contains  a 
seconsl  acid,  ths  oh  also  terms   golden-yellow,  sparingly  sol- 

uble, scaly  crystals.  The  potassium-salt  forms  small,  yellow  prisms,  of 
little  solubility.  Ii  explodes  by  heat,  Cory  sol  epic  aeid  contains  C6H3N30, : 
it  is  said  to  be  identical  with  picric  acid. 

To  these  may  be  added  the  .;■.'■</.■■'■ ''to,  or  <cti/pi<:.ru:  <«■,'</,  described  by  Bb'tt- 
ger  and  Will,  produced  by  the  action  of  nitric  aeid  of  sp.  gr.  1-2  upon  tissa- 
fcetida  and  several  oilier  gum-resins  ami  ex  tracts.  Brazil- wood  and  purree, 
when  treated  with  excess  of  nitric  acid,  likewise  yield  styphnic  aeid.  It 
crystallises,  when  pore,  in  slender,  y(dhmi,h-\\  Li: c  prisms,  sparingly  sol- 
uble in  water,  readily  dissolved  iu  alcohol  and  ether.  It  has  a  purely 
astringent  taste,  and  stains  the  skin  yellow,  l'.y  a  gentle  heat  it  melts, 
and  on  cooling  becomes  crystalline. :  suddenly  and  strongly  heated  it  burns 
like  gun-powder.  It  also  yields  chloropicrin.  The  salts  of  this  substance 
mostly  cry  st  alliy.  e  in  orange-yellow  0  oodles,  and  e  tip  hub:  with  great  violence 
by  heat.  Styphnic  oeid  contains  (■V'a^V-'.p  -■  '■■>  picric  acid  -j-  1  atom  of 
oxygen. 
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Common  resin,  or  t-Av^hviiy,  furnishes  perhaps  the  best  example  of  the 
class.  It  is  the  resinous  substance  which  remains  when  turpentine  Or  pine 
resin  is1  beaiod  1111.  I  lie  water  ami  volatile  oil  are  ts.tpellcil,  and  in  a  mixture 
of  two  distinct,  bodies  having  aci'l  properties  :  via.,  uifWp'e  ,fc,(/",  C,,!!,.^!.., 
which  is  crysrnlli/able,  and  /!;>;;>  ■  m<c'.  (.'..,, I  laili  I.,.  which  is  amorphous  Thc-e 
acids  may  be  separaicu  I'i  : il;j  each  other  by  their  difference  of  solubility  in 
cold  and  somewhat  dilute  alcohol,  the  Inner  being  by  far  the  more  soluble 
of  the  two.  Pure  abiotic  :>cid  crystallizes  in  sin  rill,  co'.orlcss,  rhombic 
prisms,  insoluble  in  water,  soluble  in  hot  strong;  alcohol,  in  vohriic  oils, 
and  in  ether.  It  mobs  when  healed,  but  cannot,  be  distilled  without  de- 
composition. An  alcoholic  solution  of  abiotic  acid,  precipitated  by  sul- 
phuric aoid,  yields  another  crysiol'dne  iii'id  called  i-yine  a? id,  isomeric  with 
pinio  acid.  ,\  fourth  resin -acid,  culled  phnaric  utid.  also  isomeric  wkii  pinic 
acid,  has  been  found  in  the  turpentine  of  the  Tinus  niaritima  of  Bordeaux, 

Lac  is  a  very  valuable  vesin,  much  harder  than  colophony,  and  easily 
soluble  in  alcohol :  three  varieties  arc  in  own  in  commerce  —  viz.,  stick-lac, 
■'■m!  I'i':..  and  sluiiuc.  It  is  used  in  varnishes,  and  in  the,  mnnnfacrurc  of 
bats,  and  very  largely  in  the  preparation  of  sealing-wax,  of  which  ir  forms 
the  chief  ingredient.  Crude  lac  contains  a  red  dye  called  las-dye,  which  is 
partly  soluble  in  water.  Lac  dissolves  in  considerable  quantity  in  a  hot 
solution  of  borax;  Indian  ink-,  rubbed  up  with  this  liquid,  forms  a  most 
excellent  label-ink  for  the  laboratory,  as  .it  is  unaffected  by  acid  yapors,  and, 
When  once  dry,  become-  nearly  insoluble  in  water. 

Mastic,  dammar-reshi,  ami  miii/i.-rnf  are  resins  largely  used  by  the  varnish- 
maker.  Driiijnii't  hiatal  is  a  resin  of  deep-red  color.  Or/,/.:/,  is  also  a  very 
valuable  substance:  it  differs  from  the  other  resins  in  being  but  slowly  dis- 
solved by  alcohol  and  essentia!  oils.  tt.  is  miseiblo,  however,  in  the  melted 
State  witli  oils,  and  is  thus  made  into  varnish.  Amltr  appears  to  be  a  fossil 
resin;  it  is  found  accompanying  brown-coal  or  lignite.  Caoutchouc  and 
tjuHii.pe.re.htt  have  been  already  described  as  tcrpencs  (p.  492). 

Most  ofthe  resins,  when  exposed  to  destructive  distillation,  yield  oily 
pyro -pro duets,  usually  of  hydrocarbons,  which  have  been  studied  with 
partial  success.  Great  ditlieuliies  occur  in  those  investigations:  the  task 
of  separating  from  each  other,  and  isolating  bodies  which  scarcely  differ 
but  in  their  boiling  points,  is  exceedingly  troublesome. 

Balsams  are  natural  mixtures  of  resins  with  volatile  oils.  They  differ 
very  greatly  in  consistence,  seine  being  quite  tluid,  others  solid  and  brittle. 
By  keeping,  the  softer  kinds  often  become  hard.  Balsams  may  be  con- 
veniently divided  into  two  classes  —  viz. ,  those  which,  like  common  and 
Venice  turpentine,  Canada  buisum,  Copaiba  hahum,  &c,  are  nearly  natural 
varnishes,  or  solutions  of  resins  in  volatile  oils,  and  those  which  contain 
benzoic  or  cinnamic  acid  in  addition,  as  Peru,  and  Tola  balsams,  and  the 
solid  resinous  bftumii,  commonly  called  i/mri-fienioin. 

■  Tolu-balsam,  bv  distillation  with  water,  yields  l.hree  products  —  namely, 
benzoic  acid,  ciniiamein,  or  slyvocin,  f|,;U.itO..  (p.  I'ill'i,  and  tolene,  a  vola- 
tile, colorless  hydrocarbon,  boiling  at  ITU-1  >.'■.  io-fH"  I1'.:,  and  containing; 
CijIIu  or,  according  to  some  authorities,  C10ll|j;.  The  balsam  freed  in  this 
manner  from  essential  oils,  and  exposed  to  destructive  distillation,  yields 
in  succession  a  viscous  liquid,  which  crystallizes  in  the  receiver,  and  a  thin 
liquid  heavier  than  water  :  carbon  dioxide  ami  carbon  monoxide  are  largely 
evolved,  and  the  retort  is  afterwards  found  to  contain  a  residue  of  charcoal. 
The  solid  product  is  chiefly  a  mixture  of  benzoic  and  cinnamic  acids :  the 
volatile  oil  contains  at  least  two  substances  dill'crlng  in  their  boiling  points, 
and  are  easily  separated  —  namely,   toluene  (p.  495),  and  an  oily  liquid 
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heavier  thin  water,  of  hi^ti   boiling  point,  find  having  the  composition  and 

eliiiriici  it-  of  L'LTLZdic  ether. 

Liquid  slnrax,  disi.;:k:!.L  ivit.li  ivatei  holding  in  poliuion  a  little  sodium  car- 
iKitiate,  yields  a  small  liiidvurinbh'  411111;!  ity  of  vu  in  lily  nil,  not  homogeneous, 
but  from  which,  liy  direful  disiillatiun,  pure  cumiimuno  or  styrolene,  CBHB 
(p.  501),  may  he  extracted. 

Storax,  from  which  ihc  ^tvvol  luis  h.cen  st'pr.rntcd  hy  distillation,  when 
treated  with  sodium  cavbor;ate,  yields  11  eonsidoraule  quantity  of  sodium 
oinnamate.      The  ivsii'mi-  euiis-s'.s  01  rusinous  hoiiics,  associated  with  styra- 

oin  or  cinnyl  cionamate  (p.  641), 
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ANIMAL   CHEMISTRY. 


INTRODUCTION. 

ANIMAL  CHEMISTRY,  for  tie  purpose  of  clearness,  may  be  divided 
into  the  cb.cmisi.ry  of  separate  substances  entering  into  the  composi- 
tion of  the  fluids  and  solids  of  uiiiii.iils,  Urn  chemistry  of  the  complex  ani- 
mal fluids  and  textures,  and  the  chemistry  of  the  processes  which  lake 
place  in  the  animal  body. 

This  classification  has  a  great  many  ad  van  I  ages,  ami  in  the.  following 
brief  abstract  the  subject  iviil  in1  u.'tshlcvoil  under  ihesc  different  heads. 

Many  animal  substances  have  been  already  fully  mentioned  in  the.  inor- 
ganic pari  of  this  work;  for  example,  water,  carbonic  acid,  and  Cidcium 
phosphate;  the  other  animal  substances,  as  urea,  formic,  ami  hinptnic 
;n:id,  have  been  pla.oed  in  Hie  organic  purl,  because,  from  their  cm. posi- 
tion, relations',  and  properties,  they  could  no!  be  separated  from  limny 
bodies  which  are  not  cu;iticoie:i  with  animal  chcmislry.  As  the  ciiemic!;! 
knowledge  of  oilier  aniiual  suhsiances  is  perfected,  these  alto  v.:'.'i  he  [ ■! n if  1 
under  the  head  of  org-aiiie  chemistry  ;  ami  thus  animai  chemistry  will  ulti- 
mately embrace  ri:e  knowledge  of  the  eunipi-.silhm  ami  properties  of  the 
complex  fluids  and  textures  of  (tie  body,  and  of  tin:  eheinieal  actions  re- 
sulting from  the  air  and  food  which  are  requisite  for  the  support  of  ani- 
mal life. 

Although  animal  chemistry  has  hitherto  occupied  I  he  attention  of  nearly 
evory  great  chemist,  ye!  cut:: para  lively  much  remains  to  ho  done  and  to  be 
undone.  For  example,  the  very  different  substances  which  are  included 
under  the  term  protein-priuein'os.  Ilia.t  Is,  of  which  protein  is  the  first  pro- 
duel  of  decomposition  and  liiiunonin.  carbonate  the  last,  can  scarcely  ye  I  be 
ai'vanc:-;''!  according  to  liio.ir  percer'.iueo  compositioiL.  much  loss  be  repre- 
sented truly  by  any  formulae.  The  chemical  composition  of  the  different 
organs  anil  textures  of  the.  body,  of  the  brain  or  blood,  for  instance,  or 
even  of  foe  hu.ii'.".  is  di  (Ft:  eon  I  ly  »ivi-:i,  si  cc  on  tin  a;  as  this  it  that  method  of 
analysis  is  followed.  The  same  may  be  said  of  the  secretions  and  excre- 
tions; and  these  vary  so  much  sir.  different  limes,  in  different  persons,  nr.d 
in  differed  classes  of  animals,  that  no  single  sianaacil  of  cuiuparisou  can 
be  adopted;  but  the  highest  and  lowest,  limits  of  composition  for  health 
and  disease  must  be  regarded,  and  noi  the  menu  of  a  number  of  analyses. 
A  still  more  difficult  problem  is  presented  to  the  chemist  in  the  investi- 
gation of  the  processes  which  lake  place  in  the  bodies  of  animals  and  vege- 
tables. The  solution  of  the  food  by  the  action  of  alkalies,  aeids,  and  fer- 
ments; the  nutrition  of  the  organs  by  the  blood;  the  production  of  animal 
heat  by  the  action  of  inspired  nxygu.ii;  and  the  removal  from  the  body 
of  the  substances  that  have  been  used  or  are  useless  or  injurious ; —these 
are  questions  which  in  future  years  will  form  the  chief  subjects  of  investi- 
gation in  animal  chemistry,  whilst  in  vegetable  chemistry  ihe  influence  of 
sunlight,  in  promoting  the  formation  of  the  innumerable  compounds  of  car- 
bon will  have  to  he  determined. 
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STJBSTA.SC'IW    FKTURTKf!    INTO  THE  COMl'O.-il  TR>\T 
OF  THE  FLUIDS  AND  SOLIDS  OF  ANIMALS. 


u  the  percentage  composition 


S  0,8         "         1,6 

They  are  amorphous,  more  or  less  soluble  in  water,  soluble  in  excess  of 
acetic  acid,  more  soluble  in  alkalies  jlIiuusI.  insoluble  in  alcohol,  and  quite 

so  in  ether..  Bt-rouj;  ni:.ncvul  acids  di-sulvo  a'.;  albutaiumis  sub  stances.  The 
hydrochloric  acid  soLijl  ion  is  iirst  blue.  then  violet,  then  brown.  The  nitric 
acid  solution  is  yellow,  and  /riven  H-m  10  i.aiiihupriiUic  acid,  which  dissolves 
in  alkalies  and  ammonia  ivit.fi  oranete-ved  color.  Caustic  alkalies  decom- 
pose albuminous  substances  according  to  the  temperature,  giving  rise  to 
leucine,  tyrosine,  ozalic  acid,  carbonm  acid,  and  ammonia. 

Albuminous  substances  are  precipitated  from  solutions ;  1.  By  excess  of 
mineral  acids.  2.  Hy  painssiu:;)  ferrocynnido  with  Hectic  acid  or  a  little 
liydri.ieh'.orie  acid.  ;i.  I!y  acetic  ;iciii.  ivii.li  a  considerable:  quantity  ofcou- 
Centrated  solutions  of  neutral  salts  of  alkalies  and  alkaline  earths,  gum 
arabic,  or  dextrin  When  eiamined  for  circular  politrualion,  they  rotate 
the  light  more  or  less  to  the  left. 

Sebum  Albumin  is  the  most  abundant  albuminous  substance  in  animal 
bodies,  it  can  be  obtained  tolerably  pure  from  blond-scrum  by  prcui dilu- 
tion with  lead  acetate,  washing  with  water,  suspending  the  precipitated 
lead  compound  in  water,  and  decomposing  it  with  carbonic  acid;  then,  by 
nitration,  a  very  cloudy  solution  of  albumin  is  obtained.  It  forms  a  yel- 
low, elastic,  transparent  sub^tunee.  which  when  perfectly  dry  can  be  heated 
to  100°  without  change,  li  is  soluble  in  water  and  preoipitable  by  alcohol ; 
long  continued  action  of  alcohol  change-  it  into  coaijuluted  albumin.  Se- 
rum albumin  is  not  precipitated  by  carbonic,  noetic,  tartaric,  or  phos- 
phoric acid;  when  mixed  with  a  voit  stiitill  iiutintitv  of  other  very  weak 
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mineral  acids,  it  is  not  precipitated ;  by  large  quantities  of  acid  it  is  im- 

inediulely  precipitated:  tnirie  acid  acts  most.  strongly.  'l'lu!  precipitate 
with  strong  hydrochloric  acid  dissolves  in  :lii  excess  of  acid;  and  on  add- 
ing water  to  this  solution,  a  precipitate  forms,  which,  after  filtration  and 
squeezing,  dissolves  in  water  and  has  nil  the  reactions  of  hydrochloride  of 
syntonic  ;  canst ie  jit.1ti.-li  and  soda  Mil  in  ion  change  the  serum  albumin  into 
compounds  of  aihttiuin  with  the  alkali. 

When  heated  to  72°  or  73°  C.  \1iVi"  V.),  blood -so  rum  coagulates  into  a 
compact  mass.  The  Hnid  begins  to  bo  cloudy  tit.  00°  C.  (140°  F.).  Coagu- 
lation occurs  at  a.  lower  temperature  when  very  dilute  phosphoric  or 
acetic  acid  is  added,  or  neutral  -alls  .in  ^ inn  11  quantity,  and  at  a  higher 
temperature  with  a  very  little  sodium  carbonate. 

Serum  albumin  "to  precipitated  from  ils  solutions  by  most  of  the  Salts  of 
the  heavy  metals.      When  agilated  ivith  ether  it  does  not  consulate. 


N  differs  from  serum  albumin  by  gradually  givir,L'  a  precipi- 
tate when  agitated  with  ether  ;  oil  of  turpentine  also  coagulates  this  land 
of  albumin.  Serum  albumin  dissolves  ensdy  in  sirong  nitric  acid,  whilst 
egg  albumin  scarcely  dissolves  at.  alt.  When  a  solution  of  egg  albumin  ia 
injected  into  the  veins  or  under  rlio  skin  of  dogs  or  rabbits,  the  egg  albu- 
min passes  unchanged  into  the  urine,  whilst  seium  albumin,  injected  in  the 
same  way,  does  not.  pass  into  Hie  urine  at  all. 

When  white  of  egg  is  thinly  spread  upon  a  plate  nr.n  exposed  to  evapo- 
ration in  a  warm  [dace,  it  dries  up  to  a  pale-yellow,  brilliant,  gum-like 
substance  destitute  of  all  traces  of  crystalline  structure.  In  this  slate  it 
may-  be  preserved  o  noli  an  find  for  any  length  of  time,  the  presence  of  water 
Ileitis  in  all  eases  necessary  to  putrefactive  decomposition.  Tim  watery 
solutions  of  egg  albumin  and  serum  albumin  coagulate  at  the  same  tempera- 
ture under  similar  circumstances.  The  existence  of  unoxidiied  sulphur  in 
albumin  is  easily  shown  ;  a  boiled  egg  block  ens  n  silver  spoon,  from  a  trace 
of  alkaline  sulphide  forme']  or  separated  during  the  coagulation;  and  a 
solution  of  albumin  in  excess  of  caustic  potash  mixed  with  a  little  acetate 
of  lead,  gives,  on  boi'.iug,  a  blade    nroci  [-.itaie  containing  sulphide  of  lead. 

Casein  ;  and  Ai.tirtiiiN.'TU  fit  Photon.  —  Albuminous  substances,  when 
treated  with- solution  of  potash,  undorgn  more  or  less  change  according  to 
the  strength  of  the  potash  and  the  temperature  at  which  the  action  takes 
place.  Sometime?  bodies  can  he  produced  which  tijrrou  well  together,  and 
cannot  be  distinguished  front  the  casein  of  milk,  although  most  probably 
casein  is  not  identical  with  artificial  albuminate,  and  lite  bodies  which  are 
produced  by  the  notion  of  potash  on  different  albuminous  substances  may 
differ  slightly  one  from  the  other,  as  is  evident  in  the  difference  of  their 
rotatory  action  on  polarized  light. 

Casein  occurs  most  plentifully  in  the  milk  of  animal  feeders.  In  iho 
fluids  of  the  texture.-;  it  has  certainly  not.  been  found.  In  the  blood  it  is 
entirely  absent,  and  it-  is  randy  present  in  the  thiol  of  cysts. 

It  is  best  obtained  from  milk  by  preoipilating  it.  with  crystalline  magne- 
sium Sulphate,  filtering  and  washing  with  a  concentrated  solution  of  Epsom 
salt,  then  dissolving  iho  precipitate  in  wnler ;  the  buffer  is  filtered  off,  and 
the  clear  solution  precipitated  by  dilute  noetic  acid. 

for  preparing  protein  or  j is-iam  albuminate,  any  albuminous  sub- 
stance may  be  used.  Lieberkuhn  directs  egg  albumin  lo  bo  stirred  with 
an  equal  volume  of  water  and  filtered  ;  the  filtrate  to  be  reduced  to  one- 
half  in  shallow  vessels  at-  iUc-  C.  (101°  .!■'.),  and,  after  cooling,  to  be  mixed 
with  oonoentrated  potash  drop  by  drop  uiit.il  (be  whole  substance  sets  to  a 
strong  transparent,  jelly.  This  is  out  into  pieces  of  Iho  site  of  a  bean,  and 
thrown  into  much  distilled  water:  alter  being  siirreil,  the  water  ie  poured 
off  from  the  albuminate.      The  washing  is  repeated  a.s  long  as  any  alkaline 
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reaction  remains.  The  purified  album  ino.tc  is  then  dissolved  in  boiling 
water  or  spirits  of  wine,  in  which  ii  oue:h1  to  give  a  clear  solution. 

An  albuminate  ia  more  simply  obtained  by  sha.king  milk  with  eaustic 
soda  and  ether,  pouring  oil'  Iho  clear  alkaline  lower  layer  of  fluid,  precipi- 
tating it.  with  acetic  acid,  and  washing  it  with  water. 

The  dried  casein  and  albuminate  ace  vcllow,  fraii-paront,  and  hygro- 
scopic, swelling  up  in  water,  but  not.  dissolving.  When  precipitated  in  a 
ilocky  state,  they  dissolve  easily  in  water  if  it  contains  a  little  alkali.  The 
precipitate  which  forms  on  neutralizing  i.ho  alkaline  solution,  dissolves 
easily  in  an  excess  of  acetic  acid  or  dilute  hydrochloric  acid.  On  the  ad- 
dition of  an  ciccss  of  mineral  acid,  or  by  neutralizing  with  an  alkali,  these 
solutions  give  a  precipitate. 

The  neutral  or  feebly  alkaline  albuminate  and  casein  in  alkaline  solution, 
are  precipitated  in  the  cold  by  alcohol :  when  hot  they  are  dissolved.  Al- 
buminates are  precipitated  by  copper  sitlphaio,  silver  nitrate,  and  barium 
chloride,  I.iehe.rkiiim  gives  as  their  formula  C.JIil:.:r.,>"l,il)I,S,  It  denoting 
an  atom  of  univalent  metal.  .According  to  him.  nolijssiniii  albuminate  has 
the  same  composiliou.  Moissncr  says  that  by  boiling  casein  continuously, 
lactic  acid  and  crcatin  are  formed. 

By  fusion  with  po'assiunt  hydrate,  casein  ;.  ieb.ls  valeric  and  butyric  acids, 
besides  other  products. 

The  most  striking  property  of  casein  is  its  coagulability  by  certain  animal 
membranes.  This  is  well  seen,  in  the  process  of  ehocsoutuking,  in  prepar- 
ing the  curd.  A  piece  of  the  stonia.ch  ,-.!"  i  he.  call',  will;  its  mucous  membrane, 
is  slightly  washed,  put.  into  a  large  quantify  of  milk,  and  (.lie  whole  slowly 
heated  to  about  53°  C,  (124°  F.).  In  a  short  time  after  this  temperature 
has  been  attained,  the  milk  is  observed  to  separate  into  a  solid,  white  eo- 
agulum,  or  mass  of  curd,  anil  a  yellowish,  translucent  liquid  called  whey. 
The  curd  contains  all  the  casein  of  the  milk,  much  of  the  fat,  and  much  of 
the  inorganic  mutter:  the  whey  retains  iiie  milk-sugar  and  the  soluble 
salts.  It  is  just  possible  that  this  mysterious  change  may  be  really  due  to 
the  formation  of  a  little  lactic  acid  from  (he  nulk-sugar,  under  the  joint 
influence  of  :t  slowly  decomposing  uietuM's.ne  and  the  eiovaiod  totiiyiornt.urc, 
and  that  this  acid  may  be  sufficient  in  i,uant.i'y  to  withdraw  the  alkali 
which  holds  the  casein  in  solution,  and  thus  occasion  its  precipitation  in 
the  insoluble  state.  The  loss  of  weight  the  membrane  itself  suffers  in  this 
operation  is  very  small :  it  has  been  found  no;  to  exceed  T-sl)iS-  part. 

Paralbumin  has  as  yet  been  found  only  in  ovarian  cysts,  and  it  rarely 
occurs  alone.  It.  is  precipitated  In-  alcohol,  hot  still  contains  surne  alkali. 
It  is  coagulated  by  boiling,  but.  cantiol  be  filtered.  When  it  is  dissolved  in 
much  water,  and  eavbnnie  a.eid  pas  is  passed  through  it.  a  plentiful  ilocky 
precipitate  falls;  acetic  acid  carefully  added  acts  still  better.  The  pre- 
cipitate is  easily  soluble  in  an  excess  of  a.cetie  acid,  or  in  a  very  weak  solu- 
tion of  alkali.  By  the  addition  of  magnesium  sulphate  if  is  not  precipitated 
from  a  feeble  alkaline  solution.  It  gives  tl  precipitate  with  acetic  acid  and 
potassium  ferrocyanido,  iead  acetai.c,  alum,  and  copper  sulphate.  The 
composition  of  this  albuminous  substance  is  stared  by  llaerlin  to  be  51-8 
carbon,  (!■'.)  hydrogen,  12'i.i  nitrogen,  ;fi>!-  o.vygen,  and  i -7  sulphur. 

Syntonin  or  PivKAPEProNE.  —  As  by  the  action  of  alkalies  on  albuminous 
matters  the  albuminates  are  produced,  so  by  treating  these  with  strong 
hydrochloric  acid,  synlouin  is  formed  among  other  products  of  decomposi- 
tion. Probably  the  shorter  the.  time  the  acid  is  in  action,  the  more  synto- 
nin is  formed.  It,  is  a !so  formed  friuti  other  albuminous  substances,  most 
easily  from  myosin,  as  in  the  first  action  id'  I  he  iiasf  ric  juice  in  the  stomach. 
For  preparing  symomn.  fresh-cut.  moat  is  freaved  with  cold  water,  and  the 
residue  is  mixed  with   water  containing  TlJ\^  hydrochloric  acid ;  a  thick- 
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isb  solution  is  thus  obtained  which  can  ho  filtered.  The  clear  liquid  is  care- 
fully neutralized  with  hhIluih  carbonate,  which  gives  a  gelatinous  urecipi- 
hur  ill'  syMunin ;  this  is!  pi;  ri  lied  by  washing  wi'li  v:i;c.r.  alcohol,  m i i -.1  ether. 
It  contains  much  unaltered  myosin.  1'rom  libfin,  serum  albumin,  or  any 
Other  albuminous  himi ifv,  except,  ira coagulated  egg  albumin,  syntonin  may 
be  obtained  by  dissolving  thorn  in  fuming  hydrochloric  acid,  filtering,  and 
precipitating  the  nitrate  with  twice  its  volume  ol'  water ;  the  precipitate  is 
filtered  off,  dissolved  in  water,  and  precipitated  by  careful  neutralisation 
with  sodium  carbonate. 

The  composition  nl'  syntonin  is  5-1-1  carbon.  '■:■]  hydrogen.  I.bd  imrogen, 
21-5  oxygen,  and  1-1  sulphur.  It  is  insoluble  in  solution  of  sodium  chlo- 
ride, whatever  its  conccn  I  ration  ;  easily  soluble  in  dilute  hydrochloric  acid, 
and  in  feebly  alkaline  liquids.  The  solution  in  linn-water  is  partially 
coagulated  by  boiling,  Wheo  the  solution  is  boiled,  sodium  chloride,  mag- 
nesium sulphate,  or  calcium  chloride,  given  a  precipitate  as  with  many 
oilier  albuminous  substances.  Syntonin,  like  casein,  when  dissolved  in 
very  dilute  hydrochloric  acid,  gives  a  precipitate  with   neutral  potassium  - 

mi  uucoagulaled  : i ! 1 1 1; ? : i i 1 1 ,  an  albuminous  snbsla.tuH-  is  liisl  obta.inud,  which 
is  scarcely  soluble  in  water,  and  is  also  very  slightly  .soluble  in  dilute  hydro- 
chloric acid. 

Myosin  was  first  separated  by  Kiilme  from  other  albuminous  matters  oc- 
curring in  the  protoplasma  or  eontractile  muscular  substance  thai  causes 
i he  rlijiir  nuirus.  To  prepare  it  well,  eiit-np  flesh  is  carefully  Hashed  with 
water,  and  the  mass  is  then  placed  in  a  mixture  of  one  volume  of  eoueell- 
n  -Fired  solution  of  com  m  on  salt-  to  two  vol  limes  of  water  ;  these  are  contin- 
ually rubbed  together  and  filtered  through  linen;  the  slimy  filtrate  is 
allowed  to  drop  into  much  distilled  water.  The  myosin  is  re-dissolved  in 
[-''dot-ion  of  sodium  chloride,  and  rc-^recipitr.'.e.d  by  much  wtuer.  It  is  in- 
soluble io  water,  soluble  in  solution  of  common  sub  under  ill0,  soluble  in 
very  dilute  hydrochloric  acid,  but  in  ibis  sol'.uiou  it  passes  by  degrees  into 
syntonin;  in  dilute  alkali,  myosin,  like  other  albuminous  matter,  is  soluble, 
being  changed  into  albuminate.  By  heat  it.  is  changed  into  coagulated  al- 
bumin. It  is  also  coagulated  by  alcohol.  The  substances  which  occur  in 
yolk  of  egg,  the  crystalline  lens,  and  the  fluid  from  some  cysts,  soluble  in 
concentrated  solutions  of  common  sail,  but  tun  soluble  in  water,  have  been 
considered  by  Denis  as   identical  with  myosin,  called  by  him  globulin. 

Fieri  no-plastic  .Si:iista\ci;  and  Finn  unions,  or  1' vit.iut.onuus,  or  Pah.- 
aolobin.— Alexander  Solium!:  has  found  that  iibrii:  i.s  formed  by  the  con- 
tact of  two  albuminous  matters.  One  he  calls  fibri  no  plastic  and  the  other 
fibrinogenous  substance.  The  first  is  especially  plentiful  in  the  red  blood- 
globules,  in  the  scrum  of  the  blood,  the  cellular  tissue,  and  the  cornea. 
The  second  is  found  In  exudations,  specially  in  rue  pecieardium  and  Huid 
Of  hydrocele,  in  lymph  and  chyle.  In  their  reactions  they  nearly  resemble 
myosin,  being  soluble  in  a  solution  of  common  sab.  and  prectpitable  by  an 
excess  of  it.  They  dissolve  in  very  dilute  hydrochloric  acid,  and,  by  keep- 
ing, ehange  into  a  synlonin-'iko  substance:  soluble  also  in  very  feeble 
alkaline  solutions,  from  which  the  fibriiionlasnc  substance  is  more  easily 
precipitated  than  the  tibrir.ogcuie.  by  carbonic  aeid.  When  these  two  sub- 
stances Come  into  cont.aut  in  any  fluid,  they  combine,  quickly  or  slowly, 
according  to  the  greater  or  less  quantity  of  each  substance  in  the  fluid,  to 
form  Fibrin.  The  fluid  coagulates  either  to  a  mass  nl'  jelly,  or,  when  very 
little  is  present,  the  fibrin  forms  in  separate  flocks.  The  coagulation  takes 
place  more  quickly  at  a  high  I  erupcruiure,  more-  slowly  at.  a  low  tempera- 
ture. The  temperature  of  the  blood  appears  ueeuliarly  adapted  for  quick 
coagulation ;  whereas  at  0°  C.  it  is  as  slow  as  possible.  In  the  living  vessols 
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the  Mood  coagulates  slowly  ;  by-  contact  willi  foreign  bodies  coagulation  oc- 
curs quickly.  Carbonic  acid  protracls  or  prevent,;  oungulalion  ;  passing  air 
through  the  liquid,  uv  any  other  a.giinlion,  hastens  it..  Free  acids,  for  ex- 
ample, acetie,  lactic,  phosphoric,  and  also  tree  alkalies  mid  their  carbon- 
ates, atop  coagulation.  When  brought  im»  a  solution  of  sodium  nitrate  or 
chloride,  fibrin  swells  to  a  slimy  jelly-like  mans.  and  partially  dissolves: 
sodium  sulphate  also  binders  thy  r.on.gubii  ion  of  (ibrin.  Thus  fibrin  may 
be  prepared  by  allowing  the  blond  to  How  from  a  vein  into  a  vessel  con- 
taining much  conceit  (ruled  solution  of  sodium  sulphai  c  whilst  it  is  briskly 
siirred.  The  whole  is  left  to  stand  -in::!  the  blood-globules  are  completely 
sepa.raied.  Tint  clear  fluid  is  then  thrown  iutii  ten  times  its  bulk  of  witter, 
ou  which  the  coagulation  uf  tin:  liquid  takes  place.  When  washed  fibrin 
in  n  neutral  liquid  is  heated  to  72°,  il  becomes  whim  and  loses  its  trans- 
parency, like  coagulated  albumin.  If  the  liquid  lias  an  ituid  reaction,  the 
ciiiiiciihiti:.!!  take-  place  even  at.  a  lower  temperature,  fibrin  is  usually 
procured  by  washine-  the  consilium  of  blood  in  a  cloth  until  all  the  soluble 
poi'iions  in-i'.  removed,  or  by  agitating  fresh  blood  wilh  a  bundle  of  (wigs*. 
when  the   fibrin   uuaehiis  itself  to  the   latter,   and   is   easily  removed  and 

<■.■ m'iI  bv  re.pi'.:,  .ii-  'I  ■  vnshlii;:  wi;  h  water,  after  wliich  i  he    bit    is  extracted 

by  ether.  On  an  avera.gi.i.  ti'eriu  lias  I  lie  composition  o2-G  carbon,  7-0  hy- 
drogen, 17  hI  nitrogen.  :'l  -S  oxygen,  and  1*2  sulphur. 

CoAaur.sTED  Ar.nujiiNors  EiuiiSTAN'oLs.  —  Coagulated  albumin  is  formed 
from  albumin,  syntooin,  fibrin,  myosin,  &«.,  by  minting  their  neutral  solu- 
tions to  boiling,  or  by  the  action  of  aleobol.  Egg  albumin  is  also  changed 
into  coagulated  albumin  by  strong  hydrochloric  acid  and  by  ether.  The 
albuminates,  and  also  cusei'i,  when  precipitated  by  neutralisation,  pass 
into  coagulated  albumin  when  healed.  The  coagulated  albuminous  sub- 
stances are  insoluble  in  water,  alcohol,  and  oilier  iudilfercntfluids,  scarcely 
soluble  in  dilute  potash,  soluble  wilh  great  difficulty  in  ammonia.  In  acetic 
acid  they  swell  up,  an:!  by  degrees  dissolve.  They  nro  mostly  insoluble  in 
dilute  hydrochloric  acid;  iml  when  pepsin  is  also  present  at  blood  heat, 
they  change,  first,  into  syntoniti.  and  lb  en  into  peptone.  They  are  dissolved 
by  strong  hydrochloric  acid,  ami  by  caustic  pobish  they  are  changed  into 
ailuiiuinal.i.is. 

Amyloid  Substance. — Accordine;  to  V.  .Schmidt,  Kriedreich,  and  lieliule", 
it  is  composed  of  fti-ii  earbon,  7 ■10  hyilnigen,  1..VIJ  nil  rngeil,  and  I4'4  oxy- 
gen and  sit)  ph  tir .  It  differs  only  from  coa  filiated  albumin  in  being  colored 
reddish  by  iodine,  and  violet  by  suiplmric  nciil  and  iodine,  It  gives  no 
trace  of  sugar  when  boiled  with  dtlule  sulphuric  acid,  but  with  caustic 
potash  and  acid  il  behaves  e.vaeily  iike  an  nihmuiiions  substance.  Concen- 
trated hydrochlurie  acid  dissolves  il,  and  Hie  sobilioti  diluted  with  water 
gives  a  precipitate  which  has  all  the  proper! ins  of  syntonin  hydroehlorale. 
By  solution  in  caustic  potash,  a  potassium  albuminate  is  obtained.  It  may 
be  formed  at  will  by  I  renting  fibrin  ivbh  very  dilule  hydrochloric  acid,  and 
evaporating  the  solution  lo  dryness  in  a  waiei'-bat.li.  An  impure  amyloid 
substance  may  be  ohtnined  from  any  gland  much  infiltrated  with  the  sub- 
stance, as,  for  example,  (he  liver,  by  dividing  it  and  removing  the  vessels, 
and  extracting  the  bile  subslaiiocs  with  cold  water.  It  is  then  boiled. for 
some  time  with  water  to  remove  the  cellular  tissue,  and  the  residue  is 
treated  with  boiling  alcohol  ami  ether  lo  dissolve  the  fat.  and  cholesterin. 
The  residual  mass  consists  chiefly  of  amyloid  substance  characterized  by 
the  iodine,  reaction. 
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Hie  stomach  and  contents  of  r t; c  small  intestines.  They  can  no  longer  be 
detected  in  the  chyle.  They  arc  family  soluble  in  water,  insoluble  in  alco- 
hol Or  ether ;  lint,  alcohol  separates  them  with  dilhcully  from  the  watery 
solution;  when  precipiliileit  Ihey  remain  unchanged  even  after  boiling. 
They  are  not  precipitated  either  by  acids  or  by  alkalies.  Acetic  acid  find 
potassium  ferroeyatiide  give  no  precipitate;  hut  corrosive  sublimate  and 
lead  acetate  with  ammonia  give  prceipilni  cs.  Tin-  substance  designated  by 
Meissner  as  metiipcp-'/.m-.  due-  not  certainly  belong  to  (lie  peptones,  although 
of  these  there  are  many  different  kinds,  whose  proportion  are  not  yet  suffi- 
ciently mado  out-  to  enablo  thorn  lo  be  accurately  distinguished. 

Met  albumin  was.  found  by  Souoror  in  a  slimy,  ropy,  drops.!eal  liquid  ob- 
tained by  tapping.  In  the  dilute  liquid  uciihor  noetic  nor  hydrochloric 
and  eause.il  a  precipkitie.  It  uccame  clou-ly  when  boiled,  and  ntlcr  Ibis 
acetio  acid  caused  no  precipitate.  Acetic  aeid  and  potassium  ferrocyanide 
also  caused  no  precipitate.    Aluohol  caused  a  precipitate,  which  redissolved 

H^HOOi.oniN,  5*'2  carbon,  72  hydrogen,  0-4B  iron,  160  nitrogen,  21-6 
oxygen,  and  0*7  sulphur;  also  o;illod  ll;ri:,n!„i/b,biiiin  and  IJirmal.osr-iintiil.lm. 
This  substance  tonus  the  ehief  part  of  the  red  globules  of  the  blood  of 
vortebrata  ;  usually  ll  is  obi;]! nod  in  an  amorphous  condition,  but  from  the 
blood  of  soroc  animals-  as,  for  example,  'logs,  cats,  i-nts,  mice,  and  many 
fish  —  it  can  bo  sepiirittcd  in  the  crystalline  form.  lied  crystals  can  be  ob- 
tained from  dog's  blood  by  mixing  the  deliljrinnl.cd  blood  with  an  equal 
quantity  of  water  and  adding  mm  volume  of  alcohol  lo  four  volumes  of  the 
diluted  blood  and  leaving  it.  to  stand  at  0°  C,  or  lower.  After  twenty-four 
hours  the  crystals  tire  iilt.ered  till,  squeezed,  and  dissolved  in  the  least  pos- 
sible quantity  of  water  at  25°  lo  SO"  C.  f77o-S0°  F.).  This  solution  is 
again  mixed  with  one-fourth  its  volume  of  alcohol,  and  the  re-crystalliza- 
tion is  repeated  many  titites.  In  different  animals  differently  formed  crys- 
tals are  found.  Int.be  guinea-pig  they  are  tetrahedrons;  in  the  squirrel, 
six-sided  tables;  in  the  guose,  rhombic  fotir-siibol  or  six-sided  tables;  in 
dogs  and  Cats,  long  four-sided  prisms.  In  it  vacuum  over  sulphuric  acid 
they  lose  water  of  crysfallhaiioii  :imi  change  into  a  hrighl  brick -red  mass. 
The  crystals  which  form  when  the  air  lias  access  lo  I  hem  also  contain  oxy- 
gen loosely  combined  ;  the  more  moist,  they  tiro  the  more  oxygen  they  con- 
tain. This  they  lose  when  warmed  tit  a  vacuum ;  by  cipo-nre  over  sulphu- 
ric aeid  a  portion  of  the  oxygen  escapes.  The  crystals  dissolve  in  water 
with  difficulty:  the  sai.urat.od  solution  at  ~>°  C.  (41°  P.),  contains  2  per 
cent,  hemoglobin,  but  by  increase  of  temperature  the  solubility  is  con- 
siderably increased.  In  feebly  alkaline  liquids,  as  in  blood-serum,  the 
crystals  are  much  more  soluble. 

Those  solutions  have  o,  very  botiulif'ut  blood-roil  color  and  ;ib.-oib  Ibe 
light  from  the  commencement  of  the  rod  to  three-fourths,  of  the  section  of 
lite  spectrum  between  the  lines  ('  ami  I'!  in  the  solar  speoirv.ni.  The  part 
of  i  ho  spectrum  lying  about.  I  lie  line  1)  of  this  space  between  C  and  1)  is 
much  more  strongly  absorbed  than  the  rest.  If  tbe  oxygen  is  expelled 
from  llie  solution  by  carbonic  acid  or  hydrogen,  the  liquid  iheii  absorbs 
I  he  lijf'it  most  key end  1.1  ;  the  rest  of  the  light  is  more  s(.rmigly  -b.-i  '■'■■■'i 
than  it  is  by  the  Inomoglobin  solution  wliieh  coulains  o\ygen ;  and  even 
the  light  between  A  aotl  IS  is  more  stiongly  absorbed  by  seluiiens  w'nieh 
contain  no  oxygen  than  by  Ihose  wbich  contain  it.  The  change  of  color 
and  transparency  of  the  blood  and  blood-solnrions  when  they  pass  from 
i.l j <i  von oiia  coudil  ion  imo  one  conlaining  "■ore  oxygon.  and  vice  vtrsii,  0!-- 
pond,  without  doubt,  on  these  optical  properties.  The  fresh  blood  lakou 
from  a  vein  of  an  animal  shows  clearly  strong  absorption  of  light  from  I! 
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to  beyond  0  in  the  spectrum,  and  this  disappeni-a  wheu  the  blood  ia  ogi- 

When  a  concentrated  solution  of  hemoglobin  is  diluted  with  water,  it 
rapidly  increases  in  transparency  iiji  to  tin;  line  T> ;  by  further  dilution  the 
spectrum  extends  beyond  1',  whilst  at  the  same  time  between  D  and  K  a, 
green-yellow  streak  appears.  The  band  Lying  nearest  to  i)  is  darker  and 
more  sharply  bounded  tliiin  ilus  other,  and  ultimately  disappears  by  con- 
tinued dilution  a  little  later  than  the  cither  hand ;  the  appearance  of  these 
bands  is  influenced  by  the  combination  of  oxygen  with  the  htemoglobin. 
For  if  a  tolerably  dilute  blood  solution  in  allowed  to  stand  some  time,  or 
if  such  a  solution  is  warmed  in  a  water-bath  above  W  C.  (122°  F.),  or  if 
to  a  blood  solution,  or  a  pure  .solution  of  hemoglobin,  a  few  drops  of  am- 
monium sulphide,  or  of  an  ammoniaoal  solution  of  nine  tartrate,  be  added, 
the  arterial  color  of  the  solution  gradually  vanishes,  and  by  examination 
in  the  spectrum,  in  the  plsi.ee  between  these  two  bands,  there  is  seen  a 
broader  ill-defined  absorption-band,  about  in  the  middle  between  1)  and  E; 
at.  the  same  time  lite  blue  shows  that  it  in  less  absorbed  than  by  blood  con- 
taining oxygon.  The  vonnus  bleed  of  animals  'loos  not  show  tins  property 
clearly  when  it  is  taken  from  the  animal;  but  animals  that  have  died,  as- 
phyxiated do  show  this  change  in  the  blood.  If  a  solution  of  haemoglobin, 
or  of  blood,  from  which  the  uxygcti  has  been  taken  away,  is  shaken  with 
atmospheric  air,  the  two  absorption-bands  of  the  hasnioglobin  containing 
oxygon  again  appear,  and  the  o.xygcn    must   \,r  oln:mioally  eombilied  with 

Dilute  solutions  of  hemoglobin  [aay  'bo  healed  to  TIP  or  80°  C.  (158°- 
17t>°  F.)  for  a  short  time  m  ithotii  marked  change,  but  when  the  heat  is  con- 
tinued, the  hemoglobin  splits  into  hematin  and  coagulated  albumin,  with 
marked  change  of  color  and  eon  gelation.  .Alee  hoi  ca.ascs  I  be  same  decom- 
position. Generally  an  substance,  is  known  wliieh  ean  precipitate  haemo- 
globin without  at  the  same  time,  destroying  i;;  itlkalies.  and  more  readily 
acids,  cause  it  to  split  wii  iioat  first  |irot'ipiiating  it;  this  occurs  the  more 
readily  the  more  concentrated  the  alkali  or  acid  is.  or  the  greater  the  quan- 
tity of  it  used,  and  the  more  eon e em  rated  [he  solution  of  htemoglobin,  or 
the  higher  the  temp  era  lure.  Hemoglobin,  in  a  dilute  solution  at' ordinary 
temperature,  is  not  decomposed  by  carbonated  alkalies.  A  feebly  alkaline 
solution  is  more  permanent  than  a  neutral  solution  ;  the  feeblest  acids,  even 
carbonic  aeid,  decompose,  hemoglobin  :  hydrogen  sulphide  does  not  act  on 
htemoglobin  when  it  contains  no  oxygen,  bul  on  oxyhemoglobin  it  acts, 
causing  the  separation  of  sulphur  arid  of  an  albuminous,  substance.  Car- 
bon monoxide  passed  into  a  solution  id'  oxyluomng'nbin  drives  the  oxygen 
out  and  forms  a  compound  of  carbon  monoxide  anil  hemoglobin.  It  also 
combines  with  hemoglobin  free  from  oxygen. 

McUt.hnnwt/lobhi.  so  named  by  lloppe,  may  be  a  mixture  of  hiemal.in  and  an 
easily  soluble  albuminous  matter.  It  has  been  found  in  old  extravasations 
of  blood,  in  the  brown  fluid  from  the  ovaries,  in  strumous  cysts,  hydrocele, 
&c,  or  when  a  solulion  of  haemoglobin  in  long  kept.  .l'.vou  when  a  si  dm  ion 
of  iucv.inglobin  in  filtered.  Ilia  I  which  is.  sueked  i;p  bj  I  he  edge  of  (lie  filter 
passes  into  me  tab  emoglobin.  Ozone  Loathe  same  action.  A  solution  of 
metaboiiioglolo  u  has  a  ma ui lenity  acid  reaction  arising  from  vo'aiilc  aeids 
(butyric  and  formic},  prodneed  by  chanson  in  the  haemoglobin.  'I'll .■  n].-'  i.-=! I 
properties  of  met  a  h  am;  eg:.!  bin  ate  similar  to  those  of  solutions  of  hematin 
in  aeidn,  alcohol,  and  ether, 

HffiMATiN,  CilsH],l,N,.,Ff!.;0]s,  occurs  in  Ibe  luuiy  as  a  product  nf  the  decom- 
position of  hemoglobin  in  old  oxtra.va.sations;  after  hemorrhage,  into  the 
stomaoh  it  may  be  found  in  the  .feces,  li  in  obtained  puro  by  dissolving 
the  compound  with  hydrorblorie  aeid  in  aiuniouia,  evaporating  to  dryness, 
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and  heating  the  residue  to  180°  C.  (266°  F.)-  The  ammonium  chloride  is 
extracted  with  water,  find  tin:  vesiee.ie  dried  at  ]  iiO".  Lt  gives  12-8  per  cent, 
of  iron  oxide  as  a  residue  when  burnt,  and    is  insoluble  in  water,    alcohol, 

ether,  and  chloroform,  hi  amnion  iacal  solutions  ir  is  soluble.  It  combines 
with  alkalies  and  at  ids :  by  boiling  with  dilute  nil  no  acid  it  loses  its  color, 
and  is  decomposed.  Chlorine  passed  into  an  alkaline  solution  decomposes 
it  Tory  rapidly. 

Hatmalin  combined  >dl!i  ir::drc,(.hjrr:-U<.  A,<\<1  t,,5II]|.|,V|,l',e30ls.  2HC1,  is  ob- 
tained in  regular  crystals  by  treat ii:g  *ueu  agio  bin  or  motalui'inoglobin  with 
common  salt  and  strong  acetic  acid.  The  defilirinaied  Mood  of  some  animal 
is  diluted  with  once  or  twice.  iLs  volume  of  wa.itr,  anil  lead  acetate  is  added 
as  Ion ix  us  ii  precipitate  fulls,  'fin;  blood  is  iiiou  tillered,  and  (lie  osecss  of 
lead  removed  from  ilic  lillrale  by  sodium  carlionale,  again  filtered,  and  the 
clear  solution  is  evaporate!  over  sulphuric  acid.  The  residue  is  powdered 
and  rubbed  with  from  15  In  20  tiroes  iis  weight  of  commercial  glacial  acetic 
acid,  l.o  which  n  little  common  salt  is  added.  The  brown  mixture  is  heated 
in  a  wafer  bat.ii,  and  frequently  shaken  for  m  hour  or  two  until  all  is  dis- 
solved. About,  live  limes  the  volume  of  pure  water  it*  Mien  added,  and  it  is 
left  to  stand  for  a  week  in  an  even  tempera! ore.  The  liquid  is  then  poured 
off  from  the  crystals;  these  are  again  boiled  wilh  glacial  acetic  acid;  a 
greai  raa.ss  of  water  is  then  added,  and  She  precipitate  is  allowed  to  seltio, 
separated,  well  washed,  again  allowed  to  deposit,  and  then  dried  in  a.  water- 
bath.  The  crystals  are  niosiSy  thin  rhombic  plates  of  dark-blue  color,  and 
dirty-brown  by  transmitted  light,  from  the  name  of  their  discoverer  they 
are  ea.lled  Tv'n:hmanrC ,i  llxmm  iri/siiils.  They  are  per Cecily  insoluble  in  water, 
alcohol,  and  ether.  They  are  soluble  in  acids  and  alkalies,  hut.  only  in  acetic 
find  hydrochloric  acids  without  decomposition.  They  may  be  heated  to 
130°  C.  (266°  F.),  without  decomposition  :  at  red  heat.  Ihcy  do  not  swell  up, 
but  burn,  leaving  pure  oiide  of  iron. 

Mucin,  containing  52-2  eiirbon,  7'0  hydrogen,  12-0  nitrogen,  and  28-2 
oxygen,  usually  called  mucus,  mi;  he  prepared  from  tillered  o\.gall  by 
pre.cipilaiin jf  it  will)  ul.coliii',  wnsliing  v-iili  dibiic  ah-ohol,  dissolving  in  wa- 
ter, and  precipitating  by  acetic  acid,  ll  cannot  lie  perfectly  purified  from. 
If.ihiry  coloring  mart.ei'.  It  nine  be  obtained  mere  pure  from  ilie  .salivary 
gin nds  by  solution  in  water  am]  precipitation  hy  acetic  neid.  Mueiu  swells 
iiji  in  water,  and  by  sufficient  dilulion  ir.  can  lie  filtered.  It  is  precipilnble 
by  aleolio!  in  excess;  also  by  acoticneid,  and  ii  is  not  soluble  in  an  excess 
of  the  precipitant;  also  hy  nitric,  hydrochloric,  and  sulphuric  acids,  and 
it  is  soluble  in  an  excess  of  these,  acids.  It  is  nor  [irecip.it  a  ted  by  mercuric 
chloride,  lead  acetate,  or  potassium  feiTocyanide.  It.  is  not  ooaguhibie  by- 
boiling;    when  tiioroiijf'ily  dried,  it  merely  swells  in  water  to  a  thick  mass. 

Pyjn  is  said  often  to  occur  in  pus:   but  normal  pus  contains  neither  pym 

nor  mucin.  It  is  pi'oeipittib'e  hy  ueelic  acid,  and  ibis  precipitate  is  not 
soluble  in  an  excess  of  acid,  while  the  precipitates  with  nitric  and  hydro- 
chloric acids  are  so;  a  solution  ol'pyin  in  hydrochloric  acid  is  not  piecipi- 
tab'ie  by  a  solution  of  potassium  ferrocylinb'e.  II  is  distinguishable  from 
mucin  only  by  being  prccipiiable  by  mercuric  chloride  and  lead  acetate. 
The  precipitate  which  forms  in  the  serum  of  healthy  pus  on  the  addition 
of  aoelic  acid  is  soluble  in  a  solution  of  common  salt,  aud  consists  of  al- 
bumin. 

Pepsin  has  not  yet  been  perfectly  isolated ;  ii  resembles  mucin,  and  is 
precipitated  by  lead  acetate  and  by  alcohol;  according  to  liriioke's  dis- 
co wry  it  is  a iso  carried  ilow  ti  from  ils  sal m ion  when  j:i\  tine  granular  pre- 
cipilalo  is  produced,  liriioke's  method  has  also  hceu  used  fur  isolating 
other  f>iiltsi.;iuces   rescmbliiii,'   pepsin.      .For   this  purpose  fresh-formed  oaf, 
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cmni  phosphate  or  e holes! eriu  is  dissolved  in  1  parts  alcohol  and  1  ether, 
or  even  animal  charcoal  or  milk  of  sulphur  may  be  used.  The  pepsin  may 
be  obtained  thus  dissolved  in  water,  and  this,  when  mised  with  very  dilute 
hydrochloric  acid,  changes  albumin  into  peptone. 

Sugar-FOrmtko  Fv.iiMr.NT3  IK  Saliva  am  Pan'cheatk;  Fl.IIIl)  have  also 
been  separated  by  addition  of  dilute  phosphoric  acid,  and  subsequent,  neu- 
tralisation afterward  s  ljy  lime-waicr  ami  by  ethereal  soli;  lions  of  cholcsterin. 
They  Can  be  dissolved  in  -.vat or  and  preclpiioied  by  n.t>H.-lule  alcohol.  They 
can  be  dried  at.  ordinary  ten  ipe  rati  ires  iviihoul  decomposition,  if  heated 
t.o  100°,  they  lose  Ihelr  power  of  acting  upon  starch.  When  boiled  wilii 
nitric-  acid,  and  mised  with   an  excess  of  ammonia,  the  solution  remains 


-  G  El  a  TIN  and  Cuo.vnltaJt.— -Animal  membranes,  shin,  tendons,  and  even 
bones,  dissolve  in  water  at  a  high  iempcrnture  more  or  less  eomplctely,  but 
with  very  different  degrees  of  facility,  giving  solutions  which  on  cooling 
acquire  a  soft-solid,  tremulous  consistence.  The  substance  so  produced  is 
called  gelatin:  it.  does  not.  pre-exist  in  the  animal  system,  but  is  generated 
from  the  membranous  tissue  by  the  action  of  hot  water.  The  jelly  of 
calves'  feet,  and  common  size-  and  glue,  are  familiar  examples  of  gelatin  in 
different  conditions  of  purity.  Isinglass,  the  dried  swimming-bladder  of 
the  sturgeon,  dissolves  in  water  merely  warm,  ;tnd  yields  a  beautifully  pure 
gelatin.  In  this  slate  it  is  white  and  opalescent,  or  translucent,  quite  in- 
sipid and  inodorous,  insoluble  in  cold  water,  but  readily  dissolving  by  a 
slight  elevation  of  temperature.  Out  into  sliees  and  exposed  to  a  current 
of  dry  air,  it  shrinks  prodigiously  in  volume,  and  beoomes  a  transparent, 
glassy,  brittle  mass,  v,  Lieh  is  soluble  in  warm  water,  but  insoluble  in  alco- 
hol and  ether.  By  dry  distillation  a  waiery  Jlulcl  is  produced,  containing 
much  carbonate  of  ammonia.,  and  a  thiol;  brown  oil,  in  which,  besides  am- 
monium carbonate,  ammanium  suhiiddc,  iiuiiiinniiui!  cyanide,  and  neutral 
oily  budies,  various  basic  substances  osisi.,  as  aniline,  picoline,  methyl- 
amine,  trimethylaminc,  hutylamine,  arid  probably  many  others.  In  the 
dry  state,  gelatin  may  be  kept  indefinitely :  in  contact  with  water,  it 
becomes  acid,  loses  I. ho  properly  of  pelaiinljini:,  and  putrefies.  Long-con- 
tinued boiling  gradually  alters  it,  ami  the  solul  ion  losos  the  power  of  form- 
ing a  jelly  on  cooling.  1  purl  of  dry  gelatin  or  isinglass  dissolved  in  100 
parts  of  water  solidities  on  cooling. 

An  aqueous  solution  of  gelatin  ;.^  precipitated  by  alcohol,  which  with- 
draws the  water :  corrosive  sublimate  i;i  excess  gives  a  wluto  flooeulent 
precipitate,  and  the  same  happens  with  solution  of  morcurous  and  mer- 
curic nitrate:  neither  sihmi,  neutral  lead  a.cetate,  nor  basic  lead  ace- 
tate affects  a  solution  of  gelatin.  Willi  tannic  acid  orinfusion  of  galls, 
gelatin  gives  a  copious,  whitish,  curdy  precipitate,  which  coheres  on 
stirring  to  an  elastic  mass,  quite  insoluble   in  water,  and  incapable  of  pu- 

Tatuiic  acid  is  the-  only  a  eld  lb  at  gives  a  precipitate  with  a  solution  of 
gelatin.      It  does  so  even  when  the  solution  is  csccediiigly  dilute. 

Chlorine  passed  into  a  solution  of  gelatin  oecasions  a  dense  white  pre- 
cipitate of  chlorite  of  t/el'i/in,  which  envelops  each  gas-bubble,  and  ulti- 
mately forms  a  lough,  elastic,  pearly  mass,  .somewhat  resembling  fibrin. 
Boiling  with  strong  alkalies  converts  gelatin,  with  evolution  of  ammonia, 
into  leucine,  and  glycocine.  This  last-mentioned  substance,  also  called 
ybjcocol,  was  first,  formed  by  the  acliou  of  cold  concentrated  sulphuric  acid 
upon  gelatin,  and  has  lately  been  obtained  by  the  notion  of  acids  upon  hip- 
purie  acid,  which  is  thereby  resolved  into  benzoic  acid  and  glycocine  (see 
page  633). 

A  dilute  solution  of  gelatin,  distilled  with  a  mixture  of  potassium  bichro- 
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mate  and  sulphuric  acid,  yields  acetic,  valeric,  benzoic,  anil  hydrocyanic, 
acids,  and  two  volaiilu  oily  principles  termed  r-n!j:ir,i;itr,U-,  CjHgN,  and  val- 
Cf:JC,:IOII!!illt.,  (J,,,.!!  ,;>'40|..  Till!  I'll  I'll  it  r  is  a.  thill,  C  0  lo  ;■':  e-  .j  liquid,  uf  aromatic 
odor,  like  llnil  of  saHeylol:  it  is  lighter  than  water,  and  anils  at  125°  I*. 
(257°  F.).  The  latter  much  resembles  the  fir  at,  but.  bolls,  at  70°  C.  (158°  F.). 
Alkalies  convert  valerouilrile  iuio  viileno  acid  and  nuitaonia,  and  valerace- 
touitrile  into  valeric  nciil,  acetic  acid,  and  ammonia.  Valeracetonitrile 
contains  the  elements  i>l'  -i  molecules  of  valeronitrilc  and   3  molecules  of 

C^JSfl,         ==         4C5H9N  +         3CsHtO,. 

Dry  gelatin,  subjected  to  n.riN.ly -i*.  lia-  been  round  in  contain  in  100  parts, 
50-05  carbon,  0-47  hydrogen,  1  b-^->  nitrogen,  and  25-13  oxygen. 

The  curtilage  of  the  ribs  and  joints  yieb's  a  gelatin  differing  in  some  re- 
spects from  the  preceding:  il  is  called,  by  way  of  distinction,  chondrin.  It 
is  less  Soluble  in  boiling  water  than  gelatin,  it.  is  precipitated  from  its 
solution  by  acetic  acid,  and  is  not  soluble  in  an  execs;  uf  acid.  Other  acids 
in  very  small  quaa.i.ily  ].irccip:iaie  elioiidriu.  but  the  slightest  excess  redis- 
solves  the  precipitate,  Accial.e  of  lead  and  solution  of  alum  also  precipi- 
tate this  substance.  Those  (-emotions  distinguish  cliondrin  from  gelatin, 
Scherer  gives  50-75  cat-boo,  i.i-'.'iO  hydrogen,  1-1-70  nitrogen,  and  27-66  oxy- 
gen. Tho  doubtful  formulas  (.'.,. !lai'S'.1Or':itni  <:„, 1 l.wr\i°n)' have  been  assigned 
to  chondrin. 

If  a  solution  of  gelatin,  albumin,  fibrin,  casein,  or  probably  any  one  of 
the  more  complex  a*oii*cd  animal  principles,  be  mixed  with  solution  of 
oanric  e ill p I] ate,  and  ii  en  n  large  ev;:css  of  caustic  pola-ji  added,  ilic  green- 
ish precipitate  first  formed  is  icdissoli-ed,  ana  the  liquid  aci.uh-es  a.  deep 
and  beautiful  purple  tint. 

Gelatin  is  largely  employed  as  an.  article  of  food,  as  in  soups,  &c. ;  but 
its  value  in  this  respoc;  has  been  pot-'mps  overrated.  In  the  useful  arts,  size 
aiel  glue  are  emisuiiieil  in  great,  quantities.  Those"  jsrc  prepared  from  the 
clippings  of  hides,  ami  oilier  similar  matters,  enclosed  in  a  net,  and  boiled 
with  water  in  a  large  caldron.  The  strained  solution  gelatinizes  on  cool- 
ir.g.  and  Oimsiiiiues  s.-",r.-.  I.ilue  is  the  same  substance  in  a.  state  of  desicca- 
tion, the  size  being  oui  into  slices  aval  placed  upon  nettings  freely  exposed 
to  a  current  of  air.  Gelatin  is  extracted  fi  am  lionet  with  much  greater 
difficulty:  the  best  met  bod  of  proceeding  is  said  lo  be  lo  enclose  the  bones, 
previously  crushed,  in  strong  metallic  cylinders,  and  admit  high-pressure 
Steam,  which  attacks  and  dissolves  the  animal  manor  much  more  easily 
than  boiling  water;  ov,  to  sieep  the  bones  in  dilute  hydrochloric  acid, 
thereby  removing  the  earthy  phosphate,  ami  then  dissolve  the  soft  and 
flexible  residue  by  boiling. 

There  is  on  import  ant-  economics!-  application  of  gelatin,  or  rather  of  the 
material  which  produces  it,  which  deserves  notice  ■ — riz.,  lo  the  clarifying 
of  wines  and  beer  from  the  finely  divided  ami  suspended  matter  which 
often  renders  these  liquids  muddy  and  unsightly.  When  isinglass  is  di- 
gested in  very  dilute  cold  acetic  sicid,  as  sour  wine  and  beer,  it  softens, 
swells,  and  assumes  the  aspect,  of  a  very  light  i.rati.sparcul  jelly,  which, 
ollli.rij-li  ieiii  i;  insoluble  in  the  cold,  imty  be  readily  mixed  with  n  large 
ijus.iii.ilc  of  watery  liquid.  .Such  a.  preparation,  technically  esillod  .Ihiinys, 
is  sometimes  used  by  brewer*  and  ud [i e- merchants  for  the  purpose  before 
mentioned:  its  action  on  the  liquor  wii.ii  which  it  is  mixed  seems  to  bo 
purely  mechanical,  the  gelatinous  unifier  slowly  sub  si' ling  to  the  bottom  of 
the  cask,  and  carrying  with  it  the  insoluble  substa.nce  to  which  the  tur- 
bidity was  due. 

Horsy  MAT'tun ;  K  last  it,-  ("»■">  e.irhon.  "■■:!  hydrogen,  16  7  nitrogen,  and 
20-&OSJgen).  — 'litis  subslance  is  prepareu  by  boiling  Lite  liyamcnlum  nuchsi 
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of  cattle  with  alcohol,  ether,  water,  coticentraled  awl  in  acid,  and  dilute 
caustic  soda.  I't  has  a  yellow  color  whin  moist,  is  ostensible,  hut  becomes 
brittle  after  drying.  It  is  perfectly  insoluble  in  cold  or  boiling  water,  also 
in  ammonia,  acetic  acid,  or  alcohol.  In  a  concentrated  solution  of  potash 
it  is  dissolved,  and  at  the  same  time  decomposed.  The  solution  is  nut  pre- 
cipitated by  acids,  only  '.villi  tannic  acid  the  neutral  solution  gives  a  pre- 
cipitate. When  boiled  with  sulphuric  acid  it  is  decomposed,  with  formation 
of  leucine. 

Keratin,  —  Hair,  nails,  hovn,  four  juts,  op  i  dermis,  and  cpi!  helium,  boiled 
with  ether,  alcohol,  mo, tor,  and  ilitnte  acid,  yield  residua.!  substances  which 
do  not  agree  well  in  their  analysis,  and  therefore  probably  arc  not  rightly 
classed  under  one  name.  Those  bodies  sw  el:  but  iittie  in  water,  but  when 
dry  are  very  hygroscopic.  15y  continual  boiling  in  water  at  150°  C.  (802° 
1?.),  they  partially  decompose.  A  milky  lii|ubl  forms,  and  sulphuretted 
hydrogen,  escapes,  if  i.lie  solution  is  ova  no  rated  to  dryness,  a  residue,  in- 
soluble in  water,  remains.  In  acetic  acid  those  substances  swell  up  more 
than  in  water,  without  materially  alreriug  in  texture;  in  concentrated 
acetic  acid  they  dissolve  when  boiled;  and  when  boiled  with  sulphuric 
acid,  they  give  leucine,  and  about-  4  per  cent,  of  tyrosine,  in  caustic  pot- 
ash, and  with  difficulty  in  a  solution  of  potassium  carbonate,  they  swell 
up,  and  when  heated  dissolve.  The  alkaline  solutions  evolve  sulphuretted 
hydrogen  on  addition,  of  acids. 

Fibroin,  48-6  carbon,  fi-fi  hydrogen,  17-:!  nitrogen,  and  27-6  oxygen.  — 
This  substance  dissolves  in  concentrated  acids  and  alkalies  and  in  ammo- 
uiaeal  enprie  solution,  but  not  in  ammonia: 
give  precipitates;  by  boiling  with  dilute  s 
and  5  per  cent,  of  tyrosine. 

SroNGiK  is  obtained  from  sponge  by  treating  it  with  ether,  alcohol,  hy- 
drochloric acid,  and  5  per  cent,  so'la-lye.  It.  closely  agrees  in  composition 
with  fibroin,  but  when  boiled  with  sulphuric  acid  does  not  yield  tyrosine, 
hut  glycocine  and  leucine. 

of  the  organic  basis'  of  mussel-shells, 
ie  aeid,  dilute  mineral  acid,  and  pot- 
ent, of  nitrogen,  and   gives  by  boiling 
with  sulphuric  acid,  only  leucine,  and  no  tyrosine,  glycocine,  or  sugar. 

Chitin,  from  the  skeleton  of  Insocls  and  era  si  neea,  (.',,11  iJ!Oe.  It  is  best 
prepared  by  boiling  tiie  elytra  of  the  cockchafer  with  alkalies,  water,  acetic 
acid,  alcohol,  and  ether.  II  yields  glucose  when  dissolved  in  sulphuric  acid. 
Pkdtagon  ami  Eukikk,  — -  l'roiagon,  first  prepared  and  investigated  by 
j.iobreieh,  was  I'oruierly  known  in  an  impure  slate  as  ccrcbrin,  ccrebrio 
acid,  lecithin,  and  when  swollen  in  vvaier,  as  myelin.  It  forms  the  chief 
constituent  of  Iho  nervous  substance  in  the  nervous  centres  ami  peripheral 
nerves.  It  also  most  likely  occurs  in  oil  of  eggs,  in  pus-cells,  in  white 
blood  ceils,  and  in  semen:  but  at  present  it  has  only  boon  "brain oil  pure 
from  the  bruin,  which  must  be  freed  as  much  as  possible  from  blood  ami 
extra ne.o. m  tissues.  The  emulsion  is  ugilatod  with  water,  and  poured  into 
a  flask:  lunch  oilier  is  poured  on  it,  and  alter  constant  shaking  at  Hi"  C. 
(84°  F.},  it  is  allowed  to  stand  for  some  time  and  at  the  same  temperature, 
The  ether  is  poured  oil',  filtered,  and  the  solution  is  cooled  from  0°  to 
—  10°  C.  (14°  F.),  Altered  at.  this  low  temperature,  and  washed  out  with 
cold  ether  until  no  more  oholesterin  is  e\ traded  by  the  ether.  The  resi- 
due is  dried  over  sulphuric  acid,  dissolved  in  alcohol  of  St)  per  cent,  at, 
40"  C.  (101°  F.),  to  form  a  not  too  concentrated  solution,  and  then  it  is 
adowed  to  cool  slowly  in  a  witier-balh.      The  prolagon   crystallines  out  in 
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bundles  of  fine  needles.  It  is  colorless  and  without  smell,  .scarcely  soluble 
in  pure  ether,  easily  in  warm  spirit,  of  wine.  \  cry  cosily  in  fatty  and  ethereal 
oils,  and  very  easily  also  in  worm  td.liercai  solutions  of  far,.  In  water  it 
swells  up  to  an  opalescent  white  mass  like  a  decoction  of  starch,  and  in 
concentrated  solution  terms  n  Erai  past*.  When  healed  ill  alcohol,  more 
especially  in  absolute  alcohol,  above  B0°  to  00°  C.  (121^-140°  F.J,  it  decom- 
poses with  separation  of  oily  drops.  When  boiled  wiib  strong  baryta-wa- 
ter, the  protagon  by  degrees  1 1  ■;■  ■■  en 1 1 1 ?'■:-■■  ^  into  edycciin,  phosphoric  acid, 
slearic  acid,  and  a  third  crystalline  )n.in-uii.ro|iouon=  acid  not  thoroughly 
investigated ;  but.  its  load  -salts  are  soluble  in  ether  ;  in  addition  to  these 
acids,  neurine  is  formed,  which  is  a  strong  base. 

Neubinb,  CfH^NO,  or  C6HuN(OH),  was  obtained  by  Liebreich  by  boil- 
iibjf  pfiitnaiiii  couiiuuousiy  wit  li  ii:i  ry !  ii-'-iii.i  ('L-,  pec  capital  ici;r  1 1  l  i_-  ImryiM  wh  li 
carbonio  acid,  evapora^ine  the  ii'trn.i  e  tn  a  very  --[mill  volume,  precipitating 
with  absolute  alcohol,  evaporating  the  ii'tcccd  alcoholic  extract  to  a  syrup, 
again  dissolving  it  in  absolme  alcohol,  and  precipitating  the  concentrated 
solution  in  alcohol  with  pli.tir.ie  chloride.  The  double  platinum-salt, 
(CBiIuNCi),  .  PtCl,,  is  easily  soluble  in  water,  and  crystnlli7.es  in  thin  large 
rhombic  i  aii!  os  of  a  yellow  color,  kin  no  I.  altogether  insoluble  in  alcohol. 
Solutions  of  neurine  react  very  si  rn  ugly  all;  all  no.  oven  after  carbonic  acid 
has  long  been  parsed  into  them.  Tint  solution  of  the  hasp  in  absolute  alco- 
hol becomes  thick  by  passing  carbonic  acul  into  it.;  carbonate  of  neurine 
with  an  alkaline  reaction  then  forms.  This  in  docniupoHed  with  cffer\-es- 
eence  by  strong  acids.  The  ueurmo  forms  out.  of  pro  i  agon  by  simply  split- 
ting into  glycerin,  phosphoric  acid.  ,Vc.  V,y  its  formation  no  evolution  of 
ii;:::i)i>!iiu  eakes  p.aoe.  and  she.  neurtue  lakes  all  the  nitrogen  '/.'  ti.e  prota- 
gon.  Bauer  has  lately  shown  thai,  this  substance  is  Iho  hydrate  of  tri- 
taothyl-ctMd-atemonium,  and  Wurtz  has  actually  produced  slits  complex 
organic  substance  synthetically. 

Inosinic  Acid,  Cgi  I,j>i  2Oe,  [':'),  fou siil  by  I.iobig  iti  the  flesh  of  some  warm- 
blooded animals.  It  has  not-  yet.  boon  obtained  in  crystals,  but  as  a  syrup 
which  becomes  solid  in  aicoiiol.  li.  dissolves  easily  in  water,  reddens  lit- 
mus stronglv,  tastes  plmtsunUy  like  soup,  am!  partly  dccoinpo-cs  by  boil- 
ing. Its  salts,  even  those  of  the  alkalies,  arc  crystalline.  The  alkaline 
salts  are  soluble  in  water.  The  copper  and  silver-sabs  ibriii  amorphous, 
insoluble,  or  almost  insoluble  precipitates.  In  alcohol  and  ether  the  in o- 
sinie  salts  are  not  soluble. 

Cnr.onoKOmn  Actn.  obtained  by  ISr^deoker  from  pus  by  extraction  with 
ether,  alcohol,  and  water,  precipitation  with  lead  acetate,  decomposition 
by  hydrogen  sulphide,  and  extraction  with  absolute  aieidm',,  forms  tine  mi- 
ct-iiscopic  needles.  The  acid  dissolves  easily  in  water  or  alcohol,  but  not: 
in  ether.  It.  will  not  sublime,  melts  when  heated,  and  burns,  with  tho 
smell  of  horn.  In  its  watery  solutions,  chloride  of  mercury  and  tin  and 
nitrate  of  mercury  cause  a  white  precipitate.  So  also  does  tannin.  Iodine 
(vivos  a  liivht.  yellow  prcenviiriifo.  Chlorine  water  in  dilute  solutions  gnos  a 
roso-red  color;   dark-roil  in  concentrated  solutions. 

Excketik,  C7B1 T i:.,<">. K.  nocording  to  Marcet.  Alcoho'ic  e^traet  of  human 
fasces  is  precipitated  with  lime,  and  extracted  with  alcohol  and  ether,  and 
the  solution  loft,  of  a  sut'.oiontlv  iow  leiuucraturc  to  crystallise.  II  melts 
at  92°  to9G°C.  (I98°^305°  P.),  is  soluble  in  water,  and  in  warm  alcohol  or 
ether,  almost  insoluble  in  cold  alcohol.  The  solutions  have  a  neutral  reac- 
tion. Neither  boiling  caustic  potash  nor  dilute  acids  attack  it.  Nitric 
acid  easily  decomposes  it. 

Exaritolic  acid  is  the  name  given  by  iUa.rcct  to  a  mixture  of  fatty  acids, 
&c,  which,  are  precipitated  from  the  alcoholic  extract  of  excrement  by  lime. 
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BLOOD,  HEINE,  SWEAT,  SALIVA,  .iASTHTfi  JUICE,  UILE,  t 


Composition  of  the  Eiood.  —  The  blood  is  tin;  genera!  circulating  fluid 
(if  (he  aniin  i!  body,  -ho  >onrve  of  all  nutriment  anil  growth,  and  the  gen- 
eral material  Horn' which  ail  i'o  secretions,  however  much  they  may  differ  in 
properties  ur.it  roinp.r.i:i  ■* .  are  derived.  Fool  or  nourishment  from  with- 
out oan  only  lie  made  av:i;:-iblc  by  hrst  passing  through  the  blood.  It 
serves  also  ths  "earre'.y  n  --  .  nportant  office  of  removing  and  carrying  off 
from  the  body  principles  which  are  hurtful,  or  no  longer  required. 

In  all  verte'brated  animals  I  he  blood  has  a  red  color,  and  probably  in  all 

In  the  mammal.*  lim  i*  v.  -ri  .pparent,  and  in  the  birds  still  more  so.  The 
heat  of  the  blood  is  directly  connected  with  the  degree  of  activity  of  the 
respiratory  process.  In  man  the  temperature  of  the  blood  seldom  varies 
much  from  36-6°  C.  (9RU  IV),  when  in  a  state  of  health,  even  under  great 
vicissitudes  of  climate:  in  bird*  it  is  sometimes  as  high  as  42'8°  C.  (101)° 
P.).  To  these  two  highest  classes  of  the  animal  kingdom,  the  mammifers  and 
the  birds,  the  observations  about  to  tie  made  are  intended  especially  to  apply. 
In  every  creature  of  this  description  two  kinds  of  blood  are  met  with, 
which  differ  very  considerably  in  their  appearance,  vi/.,  that  coniained  in 
the  !■>.://■  side  of  the  heart  nod  in  the  orreries  generally,  and  that  eonlained 
in  Mia  -rly hi  Hide  of  tlie  hi-art  and  in  the  veins  :  the.  former,  or  iirltrinl  lilooil, 
lias  a  bright- red  enlar:  the  latter,  iiie  ni-.iiiiiin  blood,  is  blackish-purple.  The 
conversion  of  the  dark  into  the  florid  blood  mav  be  traced  to  what  lakes 
place  during  its  exposure  to  the  air  in  the  lungs  ;  and  the  opposite  change, 
to  what  takes  place  in  the  capillaries  of  the  general  vascular  system,  or 
the  minute  tubes  or  passages,  disi  rihu- cd  in  countless  numbers  throughout 
the  whole  body,  which  connect  the  extremities  of  the  arteries  and  veins. 
When  compared  together,  little  difference  of  properties  or  composition  can 
be  found  in  the  two  kinds  of  blood  :  the  haemoglobin  of  arterial  blood  is 
found  by  spectrum  analysis  lo  differ  from  the  haemoglobin  of  venous  blood. 
'fhe  difference  in  tile  interference  bunds  is  caused  by  the  combination  of 
oxygen  with  hemoglobin  in  the  arteries  and  its  deoxidaiior.  in  the  veins. 
The  fibrin  varies  a  little,  that  from  venous  blood  being,  as  already  men- 
tioned, soluble  in  a  solution  of  potassium  nitrate,  which  is  not  the  case 
with  arterial  fibrin.  It  is,  besides,  very  prone  to  absorb  oxygen,  aud  to 
become,  in  all  probability,  part  Iv  chat;;'ed  lo  :i  higher  oxygen -com  pound  of 
fibrin.  The  only  oilier  tunable  "point  of  differ  (-nets  is  in  the  gaseous  matter 
the  blood  holds  in  solution,  carbonic  acid  predominating  in  the  venous,  aud 
free  oxygen  in  the  art.orial  variety. 

In  its  ordinary  state  the  blood  has  a  slimy  feel,  a  density  varying  from 
1-1)53  to  1  057,  and  a  decidedly  alkaline  reaction,  partly  from  soda  com- 
bined with  albumin,  and  parily  from  sodium  carhonnte  and  phosphate:  it 
lias  a  saline  and  disagreeable  la-le,  and,  when  quite  recent,  a  peculiar  odor 
or  kitliiiis,  which  almost  immediately  disappears.  An  odor  may,  however, 
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srwnrds  be  developed  by  nddiiioi!  of  sulphuric    acid,  which   is  by  some 
.sidered  eharactcriscic  of  the  animal  from  which  t.ljo  blood  was  obtained. 
'Che   coagulation   of  blood  in    repose  lias  been 
Pig.  isi.  already   noticed,  an  J  its  cause   Iraced  lo  the  mu- 

tual action  nf  tin-  fibrino-plastic  and  iibriuo-gcnoiis 
substances,  which    together   constitute  fibrin ;  Die 
©  ©  ©  Q  effect  is  best  scon  when  the  blood  is  received  in  ji 

-  shallow  vessel,  ami  lel'L  to  itself  socio  time.     Ho 

q  evolution   of  ga.s  or    absorption    of   ovvgon  tahes 

place  in  l.h is  process.      liy  strong  ngilation  ooagu- 
lation  may  ho   prevented  ;    the  (ihrin  in  this  case 
ttWI/Fi       separates  in  cohering  filaments. 
Q  &     v;M  ■]■„  ,.],,.   naked   eve    the   blood  appears  a  lioino- 

_  meous  fluid  ;   but  it  is  not  so  in  reality.     When 
5)  ©^3©  examined  by  '•  good  inioi'osi.'Opo,  it  is  seen  to  eon- 

**        ®      ©  sist,  of  a  transparent  and  nearly  colorless  liquid, 

fa    ra,  in  which  float  about,  a  coon  i  less  multitude  of  little 

^      jw    ^  round  red  bmlies  to  which  the  color  is  due;  these 

are  the  blood-dim*  or  bl»od-c<rrpi:s,-'<($  of  micro- 
scopic observers.  They  art  accompanied  by  colorless  globules,  fewer  and 
hiiior,  tin;  't-.'i ','c  lyjrpuscia  ■'/  the  blood. 

The  blood-discs  arc  found  to  present  different  appearances  in  the  blood 
of  different  animals:  in  the  mammifers  they  look  like  little  round  red  or 
yellowish  discs,  thin  when  compared  willi  their  diameter,  being  flattened 
or  depressed  cm  opposite  sides.  In  birds,  lifards,  frogs,  and  hsh,  the  cor- 
puscles are  elliptical.  In  magnitude  limy  seem  to  he  pretty  constant  in  all 
the  members  of  a  species,  hut  differ  with  the  genus  and  order.  Tn  man 
they  arc  very  small,  vary  ins:  fro  in  . .;,. .,-  lo  ..■-'„-.■;  of  an  inch  in  breadth,  while 
in  the  frog  the  long  diameter  of  I  he  ellipse  measures  ai  least  four  times  as 
much.  The  corpuscles  consist  of  an  envelope  containing  a  fluid  in  which 
the  rod  coloring  mailer  of  Hie  Mo  mi  is  dissolved. 

Tho  coagulation  of  blood  effects  a  bind  of  natural  proximate  analysis; 
ihe  clear,  pale  serum,  or  fluid  part.  is  mi  alkaline  sobilbu.  of  albumin,  con- 
taining various  soluble  sales  ;  the  clot  is  a  mechanical  mixture  of  fibrin  and 
blood-globules,  swollen  and  distended  with  serum,  of  which  it  absorbs  a 
targe  but  variable  quantity. 

The  following  table  represents  the  oomposilioii  of  healthy  human  blood 
as  a  whole;   it  is  on  the  aaihurity  uf  11.  I.ecanu:* 

(1-)  (2.) 

Water 780-15  785-58 

Fibrin 2-10  3-57 

Albumin 65-09  6941 

Coloring  matter  ....         133-00  119-63 

CryHtaHiialalo  fat 2-43  4-30 

Fluid  fat. 181  2-27 

Extractive  matter  of  uncertain  nature,  1  j  _g  -j.g2 

soluble  in  both  water  ami  alcohol    .  J 
Albumin  in  combination  with  soda,  .  1-2(5  2-01 

Sodium  and  potassium  chlorides,   car-)  gg-,  -^ 

bonates,  phosphates,  and  sulphates.  ( 
Calcium   and   magnesium    carbonates;  j 

phosphates  of  calcium,  magnesium,  I.  2-10  1-42 

and  iron ;  ferric  oxide     .         .         ■  ) 
loss 2-40  2-50 


1000  00  100000 
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In  healthy  individuals  of  different  sexes  these  proportions  are  found  to 
vary:  the  fibrin  and  coloring  matter  are  usually  more  abundant  in  the 
male  than  in  the   female  :    in   disease,  variations  of  a  far  wider  extent  are 

It  appears  singular  (hat  the  rod  corpuscles,  which  are  so  easily  dissolved 
by  water,  should  remain  iininj ured  in  tho  fluid  | .  1:1  ■  ■  t. i o t i  of  the  blood.  This 
seems  partly  due  to  the  presence  of  saline  matter,  and  partly  to  that  of  al- 
bumin, the  oorpusclos  belne;  alike  insoluble  i]i  «  si  mm;  solution  of  salt  and 
in  a  highly  albuminous  liquid.  In  the  blood  the  limit  of  dilution  within 
which  the  corpuscles  retain  their  integrity  appears  to  be  nearly  reached, 
fur  when  water  is  added  i.he_y  immediately  become  attacked. 

UkIKe.  —  The  urine  is  ilio  e;>ciLf.  channel  by  which  I  lie  azotticd  mattor  of 
those  portions  of  the  body  wdiieli  have  boon  taken  up  by  the  absorbents, 
and  by  which  the  excess  of  nitrogenous  food  is  conveyed  away  and  rejected 

fv the  system  in  tin;  form  of  ureil.      Jr  serves  also  to  remove  supervisions 

nsici'  ami  foreign  soluble  maitcrs  which  get  introduced  into  the  blood. 

Xhe  two  most  retiiarka'aio  and  characteristic  consti'oeuts  of  urine,  urea, 
and  uric  acid,  have  ah-cady  been  fully  described;  in  addition  to  these.it 
Contains  lactic  and  hippui'ic  acids,  erealin,  crcaiimiie.  and  traees  of  glucose 
and  indican,  calcium  : : ll ■  1  magnesium  sulphates,  chlorides,  and  phosphates, 
alkaline  salts,  and  certain  yet.  impcvfocily  known  principles,  including  an 
odoriferous  and  a  coloring  substance. 

Healthy  human  urine  is  a  trans parent-,  tiglu  amber-colored  liquid,  which, 
while  warm,  emits  a  peculiar,  avomaTio.  ami  not  disagreeable  odor.  This 
is  lost  on  cooling,  while  the  urine  at  the  same  i.iinc  occasionally  becomes 
turbid,  from  a  deposition  of  urates,  which  vedissolvo  with  flight  elevation 
of  temperature.  It  Is  very  decidedly  acid  to  test-paper;  this  acidity, 
which  continually  varies  in  a.mount,  lias  been  ascribed  to  acid  sodium  phos- 

Ehate,  to  free  uric  acid,  and  to  free  lactic  acid  ;  lactic  acid  can,  however, 
ardly  co-exist  with  alkaline  urates,  and  the  amorphous  buff-colored  de- 
posit obtained  from  fresh  urine  by  .spontaneous  evaporation  in  a  vacuum, 
is  not  uric  acid,  but.  mined  acid  urates,  modified  as  to  crystalline  form  by 
the  presence  of  nnnu'.e  quantities  of  sodium  chloride.      That  a  free  acid  is 

paper  is  far  stronger,  ami  I  lie  liquid  dooosiis  on  si  an  ding,  little,  red,  bard 
crystals  of  uric  aoid  ;   but.  this  is. no  longer  a  normal  secretion. 

An  alkaline  condition  of  the  urine  from  lined  alkali  is  sometimes  met. 
with.  Such  alkaliuily  can  a>.vuys  be  induced  by  the  administration  of  neu- 
tral potassium  or  sodium-salts  of  a  vegetable  acid,  as  tartaric  or  acetic 
acid:  the  acid  of  the  salt  is  burned  in  i  he  hloed  in  the  process  of  respira- 
tion, and  a  portion  of  the  base  appears  in  the  urine  in  the  state  of  car- 
bonate. The  urine  is  often  alkaline  in  cases  of  retention,  from  ammonium 
carbonate  produced  by  put  ve  faction  in  I  lie  bind  dor  itself ;  but  this  is  easily 
distinguished  from  alkalinity  from  fixed  alkali,  in  which  it  is  secreted  in  that 
condition. 

The  density  of  tho  urine  varies  from  1005  to  1-030:  about.  1-020  to  1-025 
may  bo  taken  as  the  a\  era-go  specific  gravity.  A  high  degree  of  density  in 
urine  may  arise  from  an  unusually  la.-ye  proportion  of  urea:  in  such  a 
case,  tho  addition  of  nitric  acid  will  occasion  an  a.Imnst  immediate  produc- 
tion of  crystals  of  uvea  nitrate ;  whereas  with  urine  uf  the  usual  degree 
of  eouconlvai  ion,  very  ninny  hours  will  ellipse,  before  the  nitrate  begins  to 
separate.  The  quantity  of  urine  passed  depends  touch  upon  circumstances, 
as  upon  the  activity  of  the  skin.  It  is  usually  move  deficit-tit  in  quantity 
and  of  higher  density  in  summer  i  ba.n  in  winter.      Perhaps  about  32  ouuees 

When  kept  at  a  moderate   temperature,  urine  after  some  days  begins  to 
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decompose:  it  exhales  an  offensive  odor,  becomes  i!';::lmo  from  the  pro- 
disclitin  cf  ainteiinium  oarbcnnle.  and  turbid  from  file  deposition  of  earthy 
phosphates.  The  ammonium  carbonate  is  due  to  the  putrefactive  decom- 
position of  the  urea,  which  <rradua]ly  i il -■ : i [ ■  1 1 lt [ i- s ,  the  ferment,  or  active 
agent  of  the  change,  buing  a.  pr-cu'mr  nitrogeneus  substance  which  is 
always  voided  with  the  urine.  II  has  Ijwh  found  also  thai,  the  yellow  ad- 
hesive deposit.  contain]:];;  iofusoria  tViitn  st.nl  c  urine  is  n  most  powerful  fer- 
ment to  the  fresh  secretion.  In  this  putrefied  state  urine  is  used  in  several 
of  the  arts,  as  in  dyeing,  and  forms  perhaps  the  most  valuable  manure  for 
lam!  known  to  exist. 

Putrid  urine  always  contains,  si  considerable  ouantity  of  ammonium  sul- 
phide: this  is  formed  by  tin-  dociidatlon  of  snlpiiales  by  the  organic  mat- 
ter. The  highly  offensive  odor  si  mi  est  rviin-  pungency  of  the  do  com  posing 
liquid  may  be  prevenled  by  previously  mixing  liie  urine,  as  I.iebig  sug- 
gests, with  sulphuric  m-  Lydriiebhsric  ;ii;i.d,  in  sulticitsrj  ouanlity  to  saturate 
all  the  ammonia  that  can  be  formed. 

The  following  is  an  analysis  of  human  urine  by  Berzelius,  1000  parts 
contained  — 

Water 088-02 

Urea 8010 

Lactates  and  es.iraoi.ivi:  mailer     .  .  17-14 

Uric  acid 1-00 

Potassium  ami  sodium  sulphates  .  0-87 

Sodium  phosphate 2-03 

Ammonium  phosphate  .  .  .  1'65 

Calcium  and  magnesium  phosphates         .        1-00 

Sodium  chloride 4-15 

Sal-ammonia* 1-50 

Silica 003 

Mucus  of  bladder 0-32 

1000-00 

In  certain  slates  of  disorder  Mini  disease.,  substances  appear  in  the  urine 
which  are  ni'viT  present  ;ji  the  norma!  secretion  :  of  Ihose  ilie  most  com- 
mon is  albumin.  This  is  easily  detected  liy  (lie  addition  of  nitric  acid  in 
excess,  which  then  causes  :i  v.-liitc  eiuud  or  turbidity,  which  is  permanent 
when  boiled,  or  by  corrosive  sublimate,  the  urine  being  previously  acidi- 
fied with  a  lilfle  ace.lie  acid  :  boiling  usually  causes  si  precipitate  which  is 
not  dissolved  by  a  drop  or  two  of  acid.  More  turliidily  by  bulling  is  no 
proof  of  albumin,  the  earthy  phosphates  being  often  llirown  down  from 
nearly  neutral  urine  under  pitch  circumstances  ;  the  phosphatie  precipitate 
is,  however,  instantly  dissolved  by  a  drop  of  any  acid. 

In  diabetes  the  urine  contain-  ^rape-sugar,  I  lie  qusi.nl  ity  of  which  varies 
with  the  intensify  of  the  disease:  snmciimes  il  is  enormous,  the  urine  ac- 
quiring a  density  of  1  ■OH!  and  beyond.  II  does  not  a.ppear  that  the  urea 
is  deficient  absolutrbi ,  uliliou^b  more  difficult  to  discover  from  being  mixed 
with  such  a  mass  of  syrup.  Very  smalt  traces  of  sugar  may  be  discovered 
in  urine  by  Trommel's  test,  formerly  mentioned  (p.oTtl):  a  few  drops  of 
solution  of  cuprie  sulphate  tu-e  added  to  the  urine,  ami  afterwards  an  ex- 
cess of  caustic  potash :  if  sugar  be  present,  a  deep  blue  liquid  results, 
which,  on  boiling,  deposits  red  cuprous  oxide.  With  proper  management 
this  I  est.  is  very  valuable.  Urine  corilstinin^  sugar,  when  inked  uilli  si 
little  yeast,  and  put  in  a  warm  place,  readily  undergoes  vinous  fermenta- 
tion, and  aflerwards  yields,  on  disLiiialion,  weak  alcohol  cont.iimitiated  wit.it 


The  urine  of  children  is  .said  sometimes  to  ccnltiin  benzoic  acid:  this  h 
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produced  by  the  ■lr-(io:siposii  irm  of  bippurie  acid,  which  constantly  occurs 
in  the  urine  of  healthy  persons.  When  benzoic  acid  is  taken,  (lie  urine 
nficr  a  few  hours  y.'c'.d-  oti  oimcon' ration,  ami  !he  addition  (if  hydrochloric 
aoid.  needles  .:,!'  hippiiric  acid,  soiled  riy  adhering  ni'io  acid. 

The  deposit  of  buff-colored  or  pinkish  numniiious  sediment,  which  so 
frecuonily  occurs  in  urine  upon  cooling,  after  unusual  exercise  or  slight 
derangements  of  health,  (.'(insists  of  a  variable  mixture  of  eolored  acid 
urates  unerystallii.ed :  if  may  beat  imee  distinguished  from  a  deposit  of 
am.monio-magnesi.iii  phospha.to  tiy  its  instunt  disappearance  on  the  appli- 
cation of  heat,  Tim  earthy  phosphates,  besides,  are  hardly  ever  deposited 
from  urine  which  has  an  acid  reaction. 

The  coloring  mat.iecs  of  the  urine  liiii'i-  hc.cn  enre.'V.'.y  examined  by  Dr. 
Schunck.  He  finds  tbat  most  of  the  smbstaaoea  hitherto  described  as  col- 
oring healthy  urine  are  products  of  the  change  of  one,  or  at  most  two, 
coloring  matters,  which  arc  always  present.  The  first  and  most  important 
of  these,  llr,  Sclmnck  has  obtained  as  a  dark-yellow  extract,  amorphous 
and  del irjuc scent,  wit.li  a  peculiar  odor.  It  is  soluble  in  alcohol  and  ether, 
as  well  as  in  water,  and  iias  the  composition  (;„N.,NO..„.  It  is  decomposed 
at  a  boiling  tempo  rati  ire,  yielding  !l  large  ipianiiiy  el"  a  brown  resin  and 
volatile  organic  acid.  A  second  extractive  mailer,  soluble  in  water  and  al- 
cohol, but  not  in  ether,  he  found  had  the  formula  (■.:,11....NG],.  This  is  cer- 
tainly produced  in  the  process  of  preparing  the  iirst  extractive  matter, 
and,  perhaps,  docs  not  pre-exist  in  healthy  urine.  Heat  and  all  strong 
alkalies  and  acids  decompose  these  cxtraeiive  matters,  and  give  rise  to 
most  of  the  coloring  matters  which  have  hitherto  been  described  as  exist- 
ing in  healthy  urine.  The  red  dish -pi  til;  coloring  matter,  called  purpurin 
or  uro-orytbrin,  which  adheres  so  tenaciously  to  the  urates,  is  not  an  ordi- 
nary constituent  "f  heal  I  liy  critic,  but  is  teemed  more  especially  when  tie 
secretion  of  bile  is  diminished.  With  regard  to  the  presence  of  indiean  in 
healthy  urine,  see  p.  583. 

The  yellow  principle  of  bile  'nay  bo  observed  in  urine  iu  cases  of  jaun- 

The  urine  of  the  carnivorous  mnmmifern  is  small  in  quantity  and  highly 
acid.  It  has  a  very  offensive  odor,  ami  oniekly  putrefies.  In  composition 
it  resembles  that  of  man,  and  is  rich  in  urea.  In  birds  and  serpents,  the 
urine  is  a  while  pasty  substance,  consisting  (din  est  entirely  of  urate  of  am- 
monia. In  herbivore '.is  animals  it  is  alkaline  and  often  turbid  from  earthy 
carbonates  and  phosphates:  urea  is  atill  the  characteristic  ingredient, 
while  of  uric  acid  there  is  scaa-ecly  a  ;  en  en ;  hipotiric  acid  is  usually,  if  not 
always,  present,  sometimes  to  a  very  large  extent.  When  the  urine  putre- 
fies, this  hippuric  acid,  as  a  [read;  tun  iced,  becomes  changed  to  benzoic  acid. 

Urinaky  Calculi.  —  Stony  concretions,  differing  much  in  phyaieal  char- 
acters  and  in  choc:ieal  composition,  are  unhappily  but  too  frequently 
formed  in  the  bladder  itself,  ami  give  rise  to  one  of  the  most  distressing 
complaints  to  which  humanity  is  s'.ib-cct.  .Although  many  endeavors  have 
been  made  to  find  some  solvent  or  solvents  fur  these  calculi,  and  thus  su- 
persede the  necessity  of  a  formidable  suvg:ea\  operation  for  their  removal, 
success  has  been  but  very  partial  and  limited. 

Urinary  calculi  arc  generally  composed  of  concentric  layers  of  crystal- 
line or  amorphous  mailer,  of  various  decrees  of  hardness.  Very  frequent- 
ly the  central  point  ornuclcus  is  a  small  foreign  laxly:  curious  illustrations 
of  this  will  be  seen  in  any  large  collection.  Calculi  arc  not  confined  to 
man:  the  lower  animals  arc  subject  to  the  same  a  Miction  ;  t.bey  have  been 
found  in  horses,  oxen,  sheep,  pips,  ami  almost  constantly  in  rats. 

The -follow-in"  is  a  sketch  of  the  principal  characters  of  tins  different 
varieties  of  calculi:  — 
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I;  Uric  Acid.  —  Those  ji-p  among  ilic  most  common :  externally  they  are 
smoolli  or  wnriy,  of  yellowhli  or  brownish  tint  :  they  have  nil  impel feel'v 
crysiullit.c,  distinctly  concentric  structure,  mid  arc  tolerably  hard.  Be- 
fore tin:  blowpipe  the  uric  acid  calculus  burns  away,  leaving  no  ash.  It  is 
insoluble  in  water,  but  dissolves  with  facility  in  caustic  potash,  with  hut 
little  ammoniacal  odor:  llio  solution  mixed  with  acid  ;:ives  a  copious  white 
curdy  precipitate  of  uric  acid.  M-liscli  speedily  becomes  dense  and  crystal- 
line. Cautiously  honied  with  nitric  acid,  :unl  then  mixed  with  a,  little  »m- 
ir.onia,  it  gives  the  characteristic  reaction  oil  uric  acid,  viz.,  deep  purple- 
red  murexidc. 

'2.  Ammonium  Untie.  —  Calculi  of  ammonium  urate  much  resemble  the 
preceding:  they  are  easily  dis:  iug:i:-d:c:.l,  hou'over.  The  powder  boiled  in 
welter  dissolves,  anil  tlio  solution  gives  a  proti |ii< ill e  of  uric  aeid  when 
mixed  with  hydrochloric  acid.  It  dissolves  also  in  hot  potassium  carbo- 
nari; with  copious  evolution  of  ammonia, 

3.  Fusible  Calculus  i  Coli-ii;yn.  J'/ws/th'ik  vilh  Ainyniy/iifi-Miii/ttcaian  Phos- 
phate.— This  is  one  of  the  most  common  kinds.  The  stones  are  usually 
while  or  pale-colored,  smooth,  enri  liy,  and  soil  :  llicy  often  attain  a  large 
size.  Beforo  the  blowpipe  this  substance  lib  oil  ens  from  animal  matter, 
which  calculi  always  contain ;  then  becomes  white,  and  melts  to  a  bead 
with  comparative  facility.  It  is  insoluble  in  caustic  alkali,  but  readily  sol- 
uble in  dilute  acids,  ami  the  solution  is  precipitated  by  ammonia.  Calculi 
of  unmised  calcium  phosphate  are  rare,  as  also  those  of  magnesium  and 
ammonium  phosphate  ;  the  latter  sab  is  somel  imes  seen,  forming  small  bril- 
liant crystals,  in  cavil  ies  in  the  fusible  calculus. 

■I.  Calcium  Oxalate  Ca tenia i: ;  Malia:;i;i  ( '•ilculue.  —  The  latter  name  is  de- 
rived from  the  rough,  warty  characicr,  and  darl;  blood  -si  ai  tied  aspect  of 
this  variety:  it  is  perhaps  the  worst,  form  of  calculus.  It  is  exceedingly 
hard:  the  layers  are  thick  and  imperfectly  crystalline.  Before  the  blow- 
pipe i in:  ode ii in i  oxalate  bum*  io  a  carbonate  hy  a  moderate  red  heal,  and, 
when  the  flame  is  stron;-ly  urged,  to  iiuicklime.  It-  is  soluble  in  moderately 
strong  hydrochloric  acid  by  ileal,  and  very  easily  in  nitric  acid.  When 
finely  f ordered  mid  Ion;?  boiled  in  a  solution  of  potassium  carbonate, 
potassium  oxalate  may  be  discovered  in  the  (birred  lienor  when  carefully 
neutralized  by  nitric  aeid,  by  white  precipitates  with  solutions  of  lime, 
lead,  and  silver.  A  sediment-  of  calcium  oxalate  in  very  minute,  transpar- 
ent, oetohedral  crystals,  only  to  be  seen  by  the  microscope,  is  of  common 
occurrence  in  urine,  in  which  a  tendency  to  deposits  of  urates  exists. 

t>,  Cystine,  and  Xanthine.  —  These  calculi  are  very  rare,  especially  the 
latter.  Caleuli  of  cystine  or  Cystic  oxide  are  very  crystalline,  and  often 
present  a  wiL\y  ap pear:! n.ce  externally  :  sediments  of  cystic  oxide  tire  some- 
times mei  with.  This  substance  is  a  definite  cryst all i /.able,  organic  prin- 
ciple, containing  sulphur  to  a  large  amount,  its  formula  being  OjU-KSOj. 
The  powdered  calculus  dissolves  in  great  part,  without  effervescence,  in 
dilut.o  acids  and  alkalies,  including!:  ammonia:  the  atuuioniacal  solution  de- 
posits, by  spontaneous  evaporation,  small  but.  beautiful  colorless  crystals, 
which  have  the  form  of  six-sided  prisms  and  lables.  It  forms  a  saline 
compound  with  hydrochloric  acid.  Caustic  alkalies  disengage  ammonia 
from  this  substance  by  continued  ebullition.  "When  the  solution  in  nitric 
acid  is  evaporated  to  dryness,  it  blackens:  when  it  is  dissolved  in  large 
quantity  of  caustic  polash,  a  drop  of  solution  of  lead  acetate  added,  and  the 
whole  boiled,  a  black  precipitate  containing  load  snip. hide  makes  its  appear- 
ance.    By  these  characters  cystine  is  easily  recognized. 

Xanthine  or  xanlhic  oxide,  also  a  definite  organic  principle!,  C^ll4N,Oa,  is 
distinguished  by  the  peculiar  deep-yellow  color  produced  when  its  solution 
in  nitric  aeid  is  evaporated  io  dryness:  it  is  soluble  in  alkalies  and  in  boil- 
ing, strong?  'Hydrochloric  acid. 


,y  Google 


SWEAT BILE.  till 

Very  many  calculi  arc  of  a  composite  nature,  the  composition  of  the  dif- 
ferent layers  being  oeoasionaMy  changed,  or  aH.erniii.ing:  thus,  mixed 
unites  and  calcium  oxalate  are  not  uutieqaeiitly  associated  in  tlie  Same 

Swkat.  — Tlie  watery  fluid  poured  out  l.y  the  skin  contains  from  J  to  2 
per  cent,  of  solid  matter  :  i  he  acidity  of  the  secretion  depends  0:1  organic 
acids,  chiefly  formic :  aoot\o  ami  butyric  acids  also  exist  in  it.  Lactic  acid 
has  been  stated  to  be  absent,  oven  in  rheumatism :  a  now  acid  named  sudoric 
acid,  and  somewhat,  resembling  nrie  acid  in  composition,  is  said  to  be  al- 
ways present.  In  disca-e.  anil  in  health,  small  Liuantit.ics  of  urea,  also  exist 
in  sweat.  The  salts  .iu  the  sweat  are  chlorides  of  sodium  and  potassium. 
I'liOsphoric  acid,  lime,  magnesia,  and  iron  oxide  have  been  found. 

Saliva  is  a  mixture  of  several  fluid-  sccrelcd  Viy  different  glands  of  the 
mouth.  Its  specific  gravity  is  from  1-002  to  HKlil  It.  is  usually  allialino:  dur- 
ing and  after  eating,  the  alkaline  react  inn  increases,  while  it  decreases  by 
fasting.  It  contains  an  albuminous  substance.,  ji.'-i/nUn,  ivhicli  acts  on  starch, 
rapidly  changing  it.  into  sugar.  Tbo  secretion  of  tlie  submaxillary  gland, 
with  the  mucus  of  I  he  iuoui.li.  cb  icily  produces  I  his  effect.  On  the  passage 
of  the  food  into  the  aeiil  gastrin  juice,  this  conversion  of  starch  into  sugar 
ceases.  The  second  remark  able  substance  in  saliva  is  potassium  sulpho- 
cyattate,  which  exists  in  very  smalt  i(iia.titilies,  but  is  very  easily  detected. 
The  solid  constituents  of  the  saliva  tire  ah  out.  I  per  cent.,  and-  in  100  parts 
of  solid  constituents  from  7  to  !!l  parts  are  iixed  salLs,  ehietly  chlorides, 
with  calcium,  carbotiiite  ;;iul  phosphate. 

Gastric  Juice  is  a  clear,  colorless,  transparent,  fluid,  of  sp.  gr.  1-002, 
containing  1  to  2  per  cent,  of  solid  constituents,  chiefly  sodium  chloride  anil 
lactate.  It  has  an  acid  reaction,  and  contains  hydrochloric,  lactic,  butyric, 
propionic,  and  acetic  acids.  It  is  slightly,  or  not  at  all,  coagulable  by 
boiling,  though  it  una:  a  ins  two  albuminous  substances,  one  insoluble  in  wa- 
ter and  absolute  alcohol,  i  he  nsmaioine  of  older  a.nthors  ;  the  other  soluble 
in  water,  but  precipilaicii  by  alcohol,  is  an  in.  more  uric  chloride,  and  lead- 
salts.  This  is  pepsin.  In  the  gastric  juice  of  uinn  it  exists  to  the  amount 
of  0-319  per  cent.  When  the  gastric  juice  has  the  greatest  solvent  power, 
100  parts  of  fluid  are  saturated  by  1  -:ia  parts  of  potash.  The  gastric  juice 
dissolves  the  albuminous  substances  taken  as  fund,  and  slightly  changes 
their  reactions.  Thus  a.ll.uimin,  fibrin,  casein,  legumin,  gluten,  and  ehon- 
drin  give  rise  to  as  in  any  di  ffe  re  lit  peptones.      (Sue  ]i  opsin,  p.  SOI.) 

Bile.  —  This  is  a  secretion  of  a  very  dlflerenl  character  from  the  pre- 
ceding :  the  largest,  internal  orpin  of  the  bony,  the  liver,  is  devoted  to  its 
preparation,  which  taxes  p'.ace  from  venous,  instead  of  arterial  blood.  Ac- 
cording to  Gorup-liesaiiej,  human  bile  contains  iu  10(i(>  parts  —- 

Water 823—908 

Solid  matter     .         .         .         177—  92 

Bile  acids  with  alkali  .         .     108—  56 
Fat  and  cholesturin  .          .  47 —  40 

Mucus  and   coloring   matter       24 —  16 
Ash 11—     6 

In  its  oruina.vy  stale,  bile  is  a  very  deep-yellow,  or  greenish,  viscid,  trans- 
parent liquid,  which  darkens  b\  e\ pes arc  to  tin;  air.  and  undergoes  changes 
which  have  been  yii  imperfectly  studied.  It.  has  a-  disagreeable  odor,  a 
most  nauseous,  hitler  taste,  a.  distinctly  alkaline  reaction,  and  is  miseible 
with  water  in  all  proportions.  "When  evaporated  to  dryness  at  1(10",  and 
treated   with   alcohol,    the  greater    part  dissolve;-,    leaving    behind  an  in- 
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soluble  jelly  of  mucus,  of  the  j;a  11 -hi  udder.  This  alcoholic  solutic 
colon  1  mi  malier  simiI  choie-tot'ln  :  from  the  former  it.  mny  be  fined  by  di- 
grsiion  with  allium!  ehureoul,  and  from  tilt;  hitler  by  ii  larrre  admixture  of 
ether,  in  which  the  bile  is  iusolubie,  anil  fepn.raios  us  a  thick,  syrupy,  and 
nearly  colorless  liquid.  The.  coloring  mailer  mny  also  be  precipitated  by 
baryta- water. 

Pure  bile  thin  obtained,  when  evaporated  (o  dryness  by  a  gentle  heat, 
forma  a  slightly  ye!Uiv.  isli  brittle  him..-,  resemhliii;;  fium-r.rabic.  It  is  com- 
pletely soluble  in  Wilier  and  absolute  alcohol.  The  solution  is  not  affected 
by  the  vegetable  acids ;  hydrochloric  and  sulphuric  aeida,  on  the  contrary, 
give  rise  to  turbidity,  eiiliev  huiuodiaiely  or  after  a  short  interval.  Lead 
acetate  partly  precipitates  il  ;  Iribasic  ncetare  preci|iiiates  it  completely: 
the  precipitate  is  readily  soluble  in  acetic  acid,  in  alcohol,  and  to  a  cer- 
tain extent  in  excess  of  lead  acetate.  When  carbonized  by  heat,  and  in- 
cinerated, bile  leaves  between  1 1  and  12  per  cent.,  of  ash,  consisting  chiefly 
of  sodium  carbonate,  with  a  littlo  common  salt,  and  alkaline  phosphate. 
The  beautiful  researches  of  Hireekor  show  ihat  bile  is  essentially  a  mix- 
ture of  the  Hodiiim-salts  of  two  peculiar  acids,  resembling  the  resinous 
and  fatty  acida.  One  of  these  contains  nitrogen,  but  no  sulphur,  and  is 
termed  i/lycuchnlit  uriil,  heinj.  a  (-.oiru^iued  compound  """  of  a  noii-mlroi/eiuiiis 
ncid,  cholic  field,  with  the  azoii/ed  substance  i/b/corine  (p.  (114);  (lie  other, 
containing  nitrogen  :;m.i  Milplmr,  in  ea!>d  tnwrorimHr.  m-'n! '.  being  a  conjugated 
compound  of  .the  same  chalk  ae-d  uii.h  a  body  to  be  presently  described 
under  the  name  of  trmtin,  containing  boih  nit  vol;- en  and  sulphur.  The  rela- 
tive proportion  in  which  (hose  acid;.'  oc enr  in  bile,  remains  pretty  constant 
with  the  same   animal,   but  varies    considerably  with  different,  classes  of 

animals. 

Gr.icocHOLic  Acjti  may  be  thus  obtained: — lYlicn  ox-bile  is  perfectly 
dried  and  extracted  with  cold  absolute  aleobol,  and  a  tier  filtration  is  mixed 
with  ether,  it  first.  dcposils  a-  browiii-.h  loii^h  resinous  mass,  and  after  some 
time,  stellate  crystals,  consisting  of  ihe  plyeoobohilos  of  -odium  and  potas- 
sium. These  mixed  erysla.ls  were  firsi  obtained  by  Planner,  and  they  com- 
pose his  so-called  crystallized  bile. 

Glycocholic  aci'l  may  be  obtained  by  decomposing  sodium  glycocholate 
with  sulphuric  acid:  il  crystallizes  in  due  white  needles  of  a  bitterish- 
sweet  taste,  is  soluble  in  water  and  alcohol,  but  only  slightly  in  ether,  and 
has  ft  strong  acid  reaction.  It  is  represented  hy  the  formula  C^lI^JJOj. 
When  boiled  with  a  so  I  uf  ion  of  potash,  the  acid  divides  into  cholic  acid  and 
glycocine : 

CjoH^NO,     +     H20    =    CMIIMOs     +     CsHsNOs 
Glycocholic  Cholic  acid.       Glycocine. 

Boiled  with  concentrated  sulphuric  or  hydrochloric  acid,  it  likewise  yields 
jdyeoehie,  but  instead  of  eh  is  lie  acid,  number  white  amorphous  acid,  cholo- 
'idic  acid  (C„H^C4  —  cholic  acid  minus  1  molecule  of  wafer),  or,  if  the  ebul- 
lition has  continue  il  for  sonic  time,  a  resinous  substance,  from  its  insolu- 
bility in  water  called  t/.y.: ov ;.■■'.'(  |t.'„,i l3i.Oa  —  cholic  acid  minus  2  molecules 
of  water). 

Taukocholici  Aom  is  thus  procured  :  -  -  Ox-bile  is  freed  as  far  as  possible 
from  glycocholic  ncid  by  means  of  neutral  mad  acetate,  and  is  then  pre- 
cipitated by  basic  lead  acetate,  to  which  a  lidlc  ammonia  is  added.  The 
precipitate  is  decomposed  by  sodium  oarbonnlc,  whereby  tolerably  pure 
sodium  tauvocholate  is  obtained.  Hy  dcoonipn-ing  (be  taurocholate  of 
lead  with'  sulphuret  led  hydrogen,  la.nnieliolie  ncid  is  liberated.      This  suh- 
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stance,  however,  which  was  previously  culled  choiic  acid  and  bilin,  lias 
never  been  obtained  in  Lin:  pure  state;  it*  formula,  as  inferred  from  the 
study  of  its  product  of  decomposition,  appears  to  bo  C^M^NSO,.  When 
boiled  with  allelic-,  it  divides  into  cholio  acid  and  tauriu  : 


+     C,H-NS< 
1.         Glyoocir 


Bid 

either 

Tachin,  CjH,NSO;!.  eey.st.alli/es  in  colorless  regular  hexagonal  prisms, 
which  have  no  odor  and  very  little  taste.  It  is  neutral  to  test-paper,  and 
permanent  in  the  air.  Whoa  burnt.,  it.  gives  rise  to  much  sulphurous  acid. 
It  contains  upward.-  of  -•">  per  cent,  of  sulphur.  It  is  easily  prepared  by 
boiling  purified  bile  for  some  hours  with  hydrochloric  acid.  After  nitra- 
tion and  evaporation,  the  acid  residue  is  treated  with  live  or  six  times  its 
bulk  of  boiling  alcohol,  from  which  i  lie  tauriu  separates  on  cooling.  Strecker 
made  many  attempts  to  prepare  i.auriti  artificially.  Ultimately  he  found 
that  when  ammonium  isethionato  (p.  i>21  \,  which  melts  at  130°,  is  healed 
to  210°  or  2203  (!.  (IHP-lliS3  F  i,  it  loses  1.  molecule  of  water,  and  becomes 
tauriu.  The  substance  is  dissolve!  in  water,  and  on  the  additiou  of  alco- 
hol, gives  crystals  having  all  the  proper  lies  at  tiiurin.  Kolbe  has  recently 
observed  the  formation  of  ta.nrin  under  very  interesting  circumstances. 
The  treatment  of  pela.ssium  isel  liionatc  with  phosphorus  pentaehloride 
gives  rise  to  a  heavy  oily  liu-iid,  w:th  siiui.Janoaiis  lermation  of  hydro- 
chloric acid  and  phosphorus  oxyohlorido.  '['his  oily  liquid,  the  so-called 
chloride  of  ehlorel.hyl  sulphuric  acid,  t:ill.i'lMO,(  1,  when  mixed  with  water, 
yields  tho  corresponding  acul,  chlorcthylsi.ipliuric  acid,  C,06ClSOa,  which 
on   digestion  wiLli  an   excess  of  ammonia  at.    IU!VJ,  produces    taurin :   G.1I. 

(;iso3  -|-  a.Nii,  =  Nir4ci  -p.  <;,ii,nso,. 

Cholio  Ahid,  C^Fr.,,,0.,  crystallizes  in  tetrahedrons.  It  is  soluble  in  sul- 
phuric acid,  and  on  Lite  addit.iun  of  a  drop  of  litis  acid  and  a  solution  of 
sugar  (1  part  of  sugar  to  -I  parts  of  water),  a  purple-violet  color  is  pro- 
duced, which  constitute*  ].' e It enko tor's  tost,  for  bile.  At  195°  C.  (388°  F.), 
it  loses  a  molecule  of  water,  and  is  converted  itilo  choloi'dic  acid,  which 
change,  as  already  pointed  out.,  is  also  produced  by  ebullition  with  acids. 

Cholic  acid  is  best,  obtained  by  boiling  Llic  resinous  mass  precipitated  by 
ether  from  tho  alcoholic  solid  ion  nf  t  he  Idle,  with  a  dilute  solution  of  potash 
for  24  or  38  hours,  tilt  the  amorphous  potassium-salr.  that  has  separated 
begins  to  crystallize.  Wlioti  the  dark-colored  soft,  mass  is  removed  from 
the  alkaline  liquid,  dissolved  in  water,  and  hydrochloric  acid  added,  alittlo 
ether  causes  the  deposition  of  i  lie  oholic  acid  in  crystals. 

The  principal  coloring  matter  of  the  bile  has  been  called  cholepyrrliia. 
When  dry  it  is  reddish-brown  and  unerysbilliia.ble.  insoluble  in  water, 
more  soluble  in  alcohol,  which  becomes  yellow,  and  most  soluble  in  caustic 
alkali.  On  the  addition  of  nitric  acid  to  the  yellow  alkaline  solution,  a 
change  ensues.  It.  passes  through  green,  blue,  violet,  and  red:  after  some 
time,  it  again  turns  yellow,  probably  in  consequence  of  a  gradual  process 
of  oxidation. 

Another  coloring  manor  has  been  called  biliverdin.  It  is  davk-green, 
amorphous  without  t.asLc  or  smell,  insoluble  in  water,  slightly  soluble  in 
alcohol,  but  soluble  in  ether,  lier/eliits  considers  it  to  be  identical  wiLh 
chlorophyl,  the  green  coloring  matter  of  leaves. 

According  to  the  researches  of  Si  recker  ami  Gundclaoh,  pigs'  bile  differs 
from  the  bile  of  other  animals.  This  bile  contains  an  acid,  to  which  the 
name  of  glgm-h/iichollc  <icid  lias  been  given.  It  may  he  prepared  in  the 
following  manner:   fresh  pigs'  bile  is  mixed  with  a  solution  of  sodium  sul- 
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phate,  and  the  prcc'iiitare  t il -. i : i ': : i o il  is  uis-o'.vcd  hi  absolute  alcohol,  and 
decolorised  hy  aniiim!  charcoal.  From  this  subitum  ether  throws  down  a 
sodium-salt,  which  on  adi.lilir.m  of  SMlplii.nL.-  Mid  yields  glyco-hyocholic 
acid  as  a  resinous  mass,  which  is  dissolved  in  alcohol  and.  re- precipitated 

Glyco-hyooholic  acid  contains  C2I1!,3NOb.  When  heated  with  solutions 
of  the  alkalies,  it  undergoes  a.  dccompii-iiion  perfectly  analogous  to  that 
of  glycocholie  acid,  splitting  up  imo  gl.ycociue  and  a  crystalline  acid,  very 
soluble  in  alcohol,  less  so  ii:  other,  which  has  been  termed  hynckolic  add. 
This  substance  contains  C^rL^Oji  and  the  change  is  represented  by  the 
following  equation: 

C^H^NOs      +      Hs0 
Glyco-hyooholic 

When  boiled  with  acids,  g'yca-iiycckelic  acid  yie.'as  likewise  glycoeine, 
but  instead  of  Iiyocholu;  acid,  n  subs' iLiice  reprcsoai  ing  ilie  dyslysin  of  the 
ordinary  bile,  which  might  be  termed  /ii/niij/i'li/n'ii.  The  composition  of 
hyodyslysin  is  <:i;,H:i.,Oi(    --  hyochi'lic  acid  minus  Hfi. 

Pigs'  bile  contains  a  very  trifling  quantify  of  sn:pl:ur.  probably  in  the 
form  of  a  sulphur tutcd  acid  eorrespoiimii-.:  to  linirocbolic  acid  of  Ox-bile. 
Slrecker  believes  this  aoid  to  contain  (\TIi4.NKti^  it  might,  be  called  tmtro- 
hyacholic  acid ;  when  boiled  witli  un  alkali,  il  sliouhl  yield  taurin  and  hyo- 
cholic  aeid.  The  sulphuretted  acid  must  be  present  in  pigs'  bile  in  very 
minute  quantity;    if.  is  even  less  known  (liii.ii  taui-oeliolic  aoid. 

The  once  celebrated  oruh'al  Ihzoui-  sic/it?  ure  biliary  calculi,  said  to  be 
procured  from  a  species  of  antelope :  they  have  a  brown  tint,  a  concentric 
structure,  and  a  waxy  appearance,  and  consist  essentially  of  a  peculiar 
and  definite  crystalli/al;ie  principle  called  li-l-vHUi:  acid.  To  procure  this 
substance,  the  calculi  are  reduced  to  powder  and  eihatisted  with  boiling 
alcohol;  the  dark  solution  is  dccolo'.i/ed  by  animal  charcoal,  and  left  to 
evaporate  by  gentle  hea.t,  thereupon  Hie  lit.hofellic  acid  is  deposited  in 
small,  colorless,  transparent  six-sided  prisma.  It  is  insoluble  in  water, 
and  sparingly  soluble  in  ether,  but  dissolves  with  ease  in  alcohol:  it  melts 
at  94-5°  C.  (202°  P.),  and  at  a  higher  Icmperaturo  burns  with  a  smoky 
flame,  leaving  hut.  little  charcoal.  Litlmfellic  acid  dissolves  without  decom- 
position in  concentrated  acetic  aeid  and  in  oil  of  vitriol:  it  forms  a  soluble 
salt  with  potash,  and  dissolves  also  in  ammonia,  lutl  crystallizes  out  un- 
changed on  evaporation.  My  analysis,  lithoi'ollic  acid  is  found  to  consist 
of  CfflH3904. 

The  liver  not  only  farms  Hie.  which  is  excreted,  but  it  also  effects  a  re- 
markable change  in  the  blood  that  passes  through  it.  M.Bernard  dis- 
covered that  after  death,  sugar  could  be  detected  in  the  blood  from  the 
hepatic  vein,  whilst  no  su^ar  was  found  in  blood  from  the  portal  vein.  In 
the  progress  of  his  researches  lino  the  origin  of  this  sugar,  he  found  that 
a  glycogenic  subttimcr  was  formed  in  l.hc  substance  of  the  liver  itself,  and 
this  he  succeeded  iu  c:\ti-iicliiig  and  iso.aiing  (p.  594). 

FANCRRflTTO  Finn  is  sl.rone.-K'  alkaline,  and  lias  a  specific  gravity  of 
about  1008  to  1-00".  eon  fain  in-  from  '■•  to  J  I  per  cent,  of  solid  constitu- 
ents; among  these  are  an  albuminous  substance  resembling  plyalin,  to- 
gether with  leucine,  guanine,  xanthine,  and  inosite,  and  about  I  per  cent,  of 
ash,  chiefly  chlorides  and  phosphates. 

It  has  three  distinct  actions  —  first  on  starch,  secondly  on  fat,  and  thirdly 
on  albuminous  matter.  Starch  is  converted  into  sugar  more  energetically 
by  the  pancreatic  fluid  than  by  the  saliva.  Fat  ia  changed  into  fatty  acid 
and  glycerin  at  a  temperature  of  .'!-r>°  ;   and   boiled   albumin  and  fi1— '-  -   ■  ■ 
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quickly  dissolved  at  the  same   temperature,  whilst  the  alkalescence  dis- 
tinelly  remains. 

Intestinal  Juice  is  a  colorless,  alhalioc  fluid,  containing  from  3  to  4 
per  cent,  of  solid  constituents.  It  is  tnought  to  bo  capable  of  dissolving 
fibrinous  substances  only. 

Chyle, — The  fluid  of  sins  laeieal  vessels,  '('his  is  a  very  variable  fluid, 
milky,  and  feebly  alkaline.,  lis  fibrin  heaiiais  to  coagulate  when  taken  from 
the  vessels,  in  five  to  twelve  minutes,  Find  is  perfectly  nodulated  in  two  to 
four  hours.  The  congulum  is  much  smaller  ami  weaker  than  that  of  the 
blood.  That  of  the  horse,  from  a  yellowish  color  changes  in  the  air  to 
light  red. 

The  albuminous  saline  scram  conrains  very  finely  ■!  1  v.  ided  molecules,  con- 
sisting of  the  mimtii.'st.   particles   of  tally  matter,  which  give  rise  to  the 
milkiness;   also  larger  chyle  globnlea,  and   colorless  blood  globules.      Thus 
the  chyle  appro x imams  in  composition  and  nrope.vties  to  the  blood. 
In  the  chyle  of  the  horse  there  was  found  : 

Water 91 '00    to     08-00  per  cent. 

Fixed  constituents  .         .         .  9-00  400        " 

Nuclei  and  cells  i        .         .  Variable. 

Fibrin 0-19  0-7         " 

Albumin 1-93  4-34        " 

Fat 1-89  0-63 

Extractive  matter  free  from  salts       7-27  8  34         •' 

Soluble  salts       ....       7-49  8-78        " 

Insoluble         .         .         -     about      2-00 

Lymph  is  the  name  given  to  the  fluid  in  the  lymphatic  vessels.  It  is 
colorless,  has  an  alkaline  reaction,  and  cmjiiIii^  in  from  four  to  twenty 
minutes.  It  closely  resembles  Ihe  hlood  without  the  hlood  globules.  It 
contains  colorless  globules,  resembling  the  white  globules  of  the  blood. 
It  contains  much  less  albumin  and  fat  than  the  serum  of  the  blood,  but 
more  water,  and  propcrl  innately  more  extractive  matter. 

Closely  rest: mhliug  ibis  fluid  is  tha.f  poured  oui  hv  senilis  membranes  and 
the  cellular  tissue,  It  has  been  called  f..-:,n,l<:ii-::i  1'iikl.  and  may  be  divided 
into  fibrinous  and  non-fibrinous.  It  may  be  considered  as  the  serum  of  the 
blood  with  or  without  fibrin,  v.diach  is  lav  more  commonly  present  than  has 
been  supposed. 

Mucns  and  Pus. --The  slimy  matter  eaT-.ased  upon  the  surface  of  various 
mucous  membranes,  as  the  lining  of  ihe  illinium  try  eaniil,  that  of  the  blad- 
der, of  the  nose,  songs,  \c,  to  which  the  gono.nl  name  invent  is  given,  is 
so  small  in  quantity,  and  so  variable  an  consequence  of  any  irritation  of 
the  membranes,  thai  it  is  difficult,  to  characterize.  It  always  contains  more 
or  less  epithelium  and  mucous  cells.  It  contains  a  peculiar  nitrogenous 
principle  to  whach  i  be  name  of  mi'oi/i  has  been  given  (p.  800). 

Pus,  the  natural  secretion  of  a  wounded  or  othcravise  injured  surface,  is 
commonly  a  creamy,  white,  or  yellowish  liijiiid,  which,  under  ihe  micro- 
scope, appears  to  cot.sist  of  mulrilioles  uf  minnie  gluiuiles  floating  in  a 
serum,      It  is  neither  acid  cor  alkaline. 

The  pus  glob  ales  are  distended  by  very  dilute  minora!  and  organic  acids: 
imperfectly  dissolved  by  alkalies,  leaving  (he  membrane  of  the  cells  ad- 
hering in  a  gelatinous  mass.  This  cell  membrane  is  an  albuminous  sub- 
Stance,  soluble  in  very  dilute  acids.  The  pus  serum  contains  more  qr  less 
albumin,  in  all  respects  identical  with  that  of  I  be  blood  and  a  peculiar  sub- 
stance.;;.'/^ (p.  800). 

The  ijiianiiiy  of  fairy  substance  is  remarka'oac  an  pus.  varying  from  2  to 
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(>  per  cent.  A  a  much  as  1  per  cent,  of  ehnleste.rin  has  boon  found  to  be 
present;  but  neither  by  (his  nor  by  any  other  character  can  the  passage  of 
mucua  into  pas  be  determined. 

Mint. — The  peculiar  specia'  secretin;]  :lesi  iced  for  the  nourishment  of 
the  young  is,  so  far  a.-  is  know  u,  very  much  the  same  in  ilesh-eating  ani- 
mals and  in  those  wliidi  live  exclusively  on  vcgclablo  food.  The  propor- 
tions uf  the  constituents  may,  however,  si -limes  differ  to   a  considerable 

extent.  The  speolfio  gravity  varies  from  1  018  to  1-045.  It  will  be  aeon 
hereafter  that  (ho  -i.;lisini.ices  present  in  milk  are  wonderfully  adapted  to 
the  office  of  providing  materials  fur  Ihe  rapid  prowl  h  and  development,  of 
the  animal  frame.  II  contains  an  aKotizcd  matier,  casein  or  potassium  al- 
buminate, fatly  principles,  and  a  peculiar  sugar,  and  lastly,  various  salts, 
among  which  may  ho  sum;  ion  oil  calcium  phosphate,  held  in  complete  solu- 
tion in  a  slightly  alkaline  liquid.  This  last,  i-  especially  important  to  a 
process  then  in  a.ciivity,  the  formation  of  bone. 

The  white,  and  alums:  o|:a:pie,  apnearauce  of  milk  is  an  optical  illusion: 
examined  by  a  microscope  of  oven  moderate  power,  it  is  seen  to  consist,  of 
a  perfectly  transparent,  fluid,  in  which  iloat  alnr.it  numbers  of  transparent 
globules:  these  consist  of  fai,  surrou  tided  by  ::  n  al  bit  mi  nous  envelope,  which 
can  be  broken  mechanically,  as  in  r!:c  churning,  or  i.iissolved  by  the  chemi- 
cal action  of  caustic  potash,  after  which,  en  agitating  iho  milk  with  ether, 
the  fai.  can  be  dissolved. 

When  milk  is  Buffered  io  remain  ai  rest  seme  hours  at  the  ordinary  tem- 
perature of  the  air,  a  large  proportion  of  the  fat-globules  collect  at  the 
surface  into  a  layer  of  ci-.wjb  :  if  this  be  now  removed  and  ok  posed  for  some 
time  to  strong  agitation,  the  fat-globules  coalesce  into  si  mass,  and  the  re- 
maining watery  liquid  is  expelled  from  between  [here  and  separated.  The 
butter  so  produced  must  be  thoroughly  washed  wilh  cold  water,  to  remove, 
as  far  as  possible,  the  hist  traces  of  casein,  which  readily  putrefies,  and 
would  in  that  case  spoil  the  whole.      A  little  salt,  is  usually  added. 

Ordinary  butter  still,  however,  contains  some  boner-milk,  and  when  in- 
tended for  keeping  should  be  darijisd,  as  it  is  termed,  by  fusion.  The 
watery  part  then  subsides,  and  carries  with  if  the  residue  of  the  aiotiv.ed 
matter.  The  flavor  is  unfortunately  somewbai  impaired  by  this  process. 
The  consistence  of  butter,  io  other  words,  (bo  proportions  of  solid  fat  and 
olein,  is  dependent  open  the  sons  on,  or  more  probably  upon  the  kind  of 
food ;  in  summer  the  oily  portion  is  always  more  considerable  than  in  win- 
tor.  The  volatile  odoriferous  principle  of  butler,  butyrm,  has  been  already 
referred  to. 

The  casein  of  milk,  in  the  state  of  cheese,  is  in  many  countries  an  im- 
portant article  of  food.  The  milk  is  usually  healed  to  about, 49" C.  (120°  F.), 
and  coagulated  by  rtmitt,  or  an  infusion  of  the  stomach  of  the  calf  in 
water:  the  curd  is  carefully  separated  by  a  sieve  from  the  whey,  mixed 
wilh  a  due  proportion  ef  salt,  and  sme. climes  some  coloring  matter,  and 
then  subjected  to  strong  and  increasing  pressure.  The  fresh  cheese  so 
prepared,  being  constantly  kepi  cool  ami  dry.  undergoes  a  particular  kind 
of  putrefactive  fermentation,  -very  little  understood,  by  which  principles 
are  generated  which  con  i  muni  cat  c  a  particulu  r  taste  and  odor.  The  good- 
ness of  oheese,  as  well  as  much  of  the  difference  of  flavor  perceptible  in 
different  samples,  depends  in  great,  measure  upon  the  manipulation :  the 
best  kinds  eon:', in  a.  considerable  i.uoinily  of  fai,  and  are  made  with  new 
milk:   the  inferior  descriptions  are  made  with  skimmed  milk. 

Some  of  the  Tarta.r  tribes  prepare  a  kind  of  spirii  from  mill;  by  suffering 
it  to  ferment,  with  frequeul  agitation.  The  casein  converts  a  part  of  the 
milk-sugar  into  lactic  acid,  and  another  part  into  grape-sugar,  which  in 
turn  becomes  converted  into  alcohol.  Marc's  mill;  is  said  to  answer  better 
for  this  purpose  than  that  of  the  cow. 
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In  a  fresh  state,  and  taken  from  a  healthy  animal,  milk  is  always  feebly 
alkaline.  When  left  to  itself,  it  vcvj  s.-iiiu  becomes  aniil.  and  is  then  found 
to  contain  lactic  acid,  ivliit.ih  rjjninr.it  be  discovered  in  the  fresh  milk.  The 
alkalinity  is  due  to  the  sik'ul  ii'iidi  liri'.ds  the  c;tsi:iri  in  solution.  In  this 
soluble  form  casein  pos-rosse.^  the  power  nf  :rikinj;  :ip  :m:l  routining  a  very 
considerable  quanl:;y  nf  ealoiutri  nbuKt'lia-U:.  Tlie  density  of  milk  varies 
exceedingly:  its  quality  usnaily  beji.rs  jld  inverse  ratio  to  ita  quantity. 
From  an  analysis  of  coiv-milk  Ln  the  i'vr-.'\  slate  by  llaidlen,*  the  following 
-i.itrjjimrit.  of  ir.-r  tiomiios'uioii  in  Hj'jti  parts  has   been  deduced: 

Water S73-00 

Butter 3000 

Casein 48-20 

Milk-sugar 43-90 

Calciuui  phosphate         ....         2'31 
Magnesium     "  .  0-42 

Iron  " O'OT 

Potassium  chloride      ....  1-44 

Sodium  " 0-24 

Soda  in  combination  with  casein  .  0-42 

100000 
Human  milk  is  remarkable  for  the  'Ufiiculty  with  uhich  it  coagulates:  it 
generally  contains  a  iariier  pninortin:!  of  ~u^:i.r  : hn.ii  cniv-milk,  but  scarcely 
differs  in  other  respects. 

*  Annolon  dor  Chorale  nnd  PliarmncK  xiv.  atis. 
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HERVOCS  SUBSTANCE  ;  CONTUACTILE  SEBBTAHCE;  ELASTIC  MS.-ini:   SKi\. 


i    two   priiioi  ulos    combine    with   tanni 

leather. 

The  principle   of  tanning,   of  such    great,  practical  value, 


Nervous  Substance.  —  The  brain  and  nerves  contain  protagon  (p.  80S), 
cholesterin,  and  albuminous  mutter,  hi  Die  watery  extract  are  found  cro- 
atln,  uric  acid,  xanthine,  sjirciuc,  iuosi'.e,  luetic  acid ;  in  the  ash,  sulphuric 
and  phosphoric  salts,  especially  potassium  salts,  a  little  sodium  chloride, 
calcium  and  magnesium.      The  substance  yields  from  75  to  80  per  cent,  of 

Contractile  Substance.  — This,  like  nerve  substance,  consists  of  many 
different  compounds.  It  contains  74  t.o  80  per  cent,  water,  and  26  to  20 
solid  constituents.  The  moat,  rem.iriiuidc  of  these  is  syntonin,  Liebig's 
fibrin  of  flesh  (see  p.  795).  Casein,  albumin,  crcalin,  bypoxanthiue,  urio 
aoid,  and  fat  are  also  present.  The  so) hi  coiisi  itnerils  contain  4  to  5  per 
cent,  of  ash.  Potash,  soda,  lime,  niaptiicsLji,  ,-u'phuric,  phosphoric,  and 
hydrochloric  acids  are  present. 

Elastic  Tissue;  Skin.  —  The  tendons  and  .skin  consist  also  of  many  dif- 
ferent substances.  Of  these  elusun  (sec  p  80:';  is  line  of  tin-  most  ret:;ark- 
able.      A  cellular  tissue,  which  yields  gelatin  when  long  boiled,  is  another 

plained.  When  the  'kin  of  an  aui'iiul.  carefully  deprived  of  hair,  fat,  and 
other  impurities,  is  immerse'!  in  a  dilute  solution  of  tannic  acid,  the  cellu- 
lar and  elastic  tissues  gradually  combine  with  that  substance  as  it  pene- 
trates inwards,  forming  a  perfectly  Insoluble  cumpnund,  which  resists  pu- 
trefaction completely  :  I  his  i-  leal  her.  in  practice,  lime- water  is  used  for 
cleansing  and  preparing  the  skin,  and  an  infusion  of  oak-bark,  or  some- 
times catechu,  or  other  astringent  matter,  as  t 111'  source  of  tannic  acid. 
The  procoss  itself  is  necessarily  a.  slow  «no,  as  dilute  solutions  only  can  be 
safely  used.  (If  late  years,  however.  various  contrivances,  some  of  whieli 
show  great  ingenuity,  have  beet!  adopted,  with  more  or  less  success,  for 
quickening  the  operation.  All  leather  is  not  tanned:  glove  leather  is 
dressed  with  alum  and  eomiuon  salt,  and  after  wards  i  reat.ed  with  a  prepa- 
ration of  the  yolks  of  eggs,  which  contain  an  albuminous  matter  and  a 
yellow  oil.      Leather  of  this  kind  still  yields  a  size  by  the  action  of  boiling 

Bones.  —  At  tho  ago  of  21  years  the  weight  of  'lie  skeleton  is  to  that 
Of  the  whole  body  jib  10-J  to  100  in  man.  jiu'd  as  8-5  to  100  in  woman,  the 
weight  of  the  body  being  about.  ISti  or  130  lbs.  Bones  are  constructed  of 
organic  matter  called  ossd-n,  which  yields  gelatin  on  boiling,  and  is  made 
Stiff  by  insoluble  earthy  salt?,  of  which  calcium  phosphate,  (P04)jCa"s,  is 
the  most  abundant.  The  proportions  of  earthy  ami  animal  matter  vary 
very  much  with  the  kind  of  bone  and  with  the  age  of  the  individual,  as 


BONES. 

MM 

will  be  seen  in  the  following  table,  in  which  tlie  corresponding  bones  of  an 
adult  and  of  a  still-born  child  are  compared: 

A™lt. 

Child. 

Inorganic       Otgsinlo 

^xf  s 

Femur      .       .         62-49          37-51 
Humerus     .       .      68.02          36-93 
Radius      .       .         60-51          39-49 
Os  temporum    .       63-50          36-50 
Costa ,       .       .         67-40          42-51 

57-51         42-49 
58-08         41-92 
56-50         43-50 
55-90         44  10 
53-75         46-25 

The  bones  of  tie  adult  are  constantly  richer  i 
the  infant. 

The  following  complete  comparative  analysi: 
duu  to  Bcnelius: 

n  earthy  salts  than  those  of 
t  of  human  and  ox  hones  is 

Animal  matter  soluble  by  boiling    . 
Vascular  subslanee    .... 
Calcium  phosphate,  with  a  little  \ 

calcium  fluoride       .         .      J   ' 
Calcium  carbonate      .... 
Magnesium  phosphate     ... 
Soda,  and  a  little  common  salt     . 

.      53-04            57-35 
11-80              3-85 
1-16              2-05 
1-20              3-45 

10000  100-00 

The  teeth  have  a,  very  similar  eorapnsit.itm,  1ml  nr».iini?i  less  organic  mat- 
*r:  their  texture  is  much  more  solid  ami  pnmpnet.  The  enamel  does  not 
:ontain  more  than  2  or  3  per  cent,  of  animal  matter,  whilst  81  to  88  per 
;ent:  of  calcium  phosphate  with  7  or  8  per  cent,  of  carbonate  are  present ; 
ind  more  calcium  fluoride  than  in  the  bones. 
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rated  '.villi  moisture,  and  ciiiUiiijiing  air,  over  the  surface  of  which  moan- 
dci'  ininur.o  blood-vessels,  whose  contents,  dui-ing  the  passage,  are  Ihus 
subjected  lo  ihe  chemical  action  of  :Iiu  air.  through  the  substance  of'  the 
membranes,  and  in  virtue  of  the  solubility  of  the  gaseous  matter  itself  i.i 
t.ho  water  with  which  the  membranes  are  imbued.  In  seme  of  the  lower 
class.es  of  animals,  whore  respiration  is  sdugfrisls  mid  inactive,  these  air- 
Culls  are  few  and  larger;  but  in  the  higher  kinds  they  are  minute,  and 
>•  really  multiplied  in  number,  !n  ordo."  in  gain  extent  (if  surfai-i',  each  com- 
municating wil.li  the  external  air  by  tlio  wimipipe  and  its  ramifications. 

Respirai  ion  is  performed  by  the  agency  of  tbc  in  use ies  which  lie  between 
ami  about  the  tin-,  and  by  the  diaphragm.  In  an  ordinary  respiration, 
i'liiiu  Tl  10  -l;{  cubic  inches  i.f  air  aj'e  thrown  cut.  It  tins  been  said  that  us 
little  as  ?>  utid  us  much  as  100  cubic  inches  have  linen  expired,  I!y  a  fcrecil 
(■■fori,  ordinaoily  from  fit)  to  (id  cubic  inches  a:r  expelled,  and  after  a  full 
inspiration  possibly  from  TOO  to  BOO  cubic  inehos  may  lie  expired.  Even 
Uieu  the  lunus  are  no,  oniptiod  of  air.  'J.'lie  re-iduai  qnaoti:  v  may  bo  esti- 
mated at  fVom  40  to  'I'M)  cubic  Inches.  After  an  ordinary  expiration  a  fur- 
ther quantity  of  air,  amounting  to  from  77  to  170  cubic  inches,  may  be 
expired,  and  after  im  oriiiiiury  inspiration,  by  the  deepest  sigh,  from  119 
to  200  more  cubic  inches  may  lie  drawn  into  (lie  lungs.  Usually  about  15 
respirations  are  made  in  a  minute:  the  number,  however,  even  in  health, 
varies  from  'J  to  20, 

The  expired  air  is  found  to  have  undergone  a  remarkable  change:  it  is 
loaded  with  aqueous  vapor,  while  a  very  large  proportion  of  oxygen  has 
uisiipnenrod,  and  its  place  been  supplied  by  carbon  dioxide,  air  once 
breathed  containing  enough  of  that  gas  to  extinguish  a  taper.  The  quan- 
tity of  this  gas  is  very  liable  to  variation;  usually  from  3-3  to  6-2  per 
cent,  of  carbon  dioxide  is  found  to  be  present. ;  when  the  respirations  are 
few,  the  oarbon  dioxide  is  greatest,  when  many,  least:  thus  with  6  respi- 
rations per  minute,  5  5  per  cent,  has  been  found  :  with  48  respirations, 
2 '9  per  cent.  A  full  moat,  eoid  wcalhcr,  ami  increased  barometric  pres- 
sure, increase  the  carbon  dioxide.  Heat,  alcohol,  tea,  and  diminished  pres- 
sure, lessen  the  carbon  dioxide  ;  age  and  sex  produce  definite  effects.  It 
appears  most,  probable  thai  niiro^en  in  small  quantities  is  exhaled. 

Whatever  may  be  the  difficulties  attending  the  investigation  of  these  sub- 
jects,—  and  difficulties  there  are,  as  the  discrepant,  results  of  the  experi- 
ments prove,  — one  thins  '9  clear:  namely,  that,  quantities  of  hydrogen 
and  carbon  are  daily  oxidized  in  the  body  by  the  free  oxygen  of  the  atmos- 
phere, and  their  products  expelled  from  the  system  in  I  lie  shape  of  water 
and  oarbon  dioxide.  Now,  if  it  be  true  that  the  hoai  developed  in  the  act 
of  combination  is  a  constant  quantity,  and  no  proposition  appears  more 
reasonable,  part  or  all  of  the  high  temperature  of  the  body  must  bo  the 
result  of  mis  ever; ion  of  chemical  forge. 
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The  oxidation  of  combustible  matter  In  the  Ij'rmil  is  creeled  in  the  ciipl!- 
laries  of  the  whole  body,  not  In  (In;  Inu^s,  the  temperature  of  which  scarcely 
exceeds  that  of  the  other  parts.  Tlie  invjcn  of  the  air  is  taken  up  in  the 
lunari,  iiml  carried  liy  tin:  blood  to  the  distant  capillary  vessels;  by  lite  ,'ii<i 
of  which,  secretions,  and  all  ihe  mysterious  functions  of  annual  life,  are 
undoubtedly  performed  r  here  tin:  f'tm-'niKf'hn  lake'  place,  although  how  this 
happens,  and  what  the  c^a-ei  nature  of  tin.'  combustible  may  be,  beyond  the 
simple  fact  of  its  containing  carbon  and  hydrogen,  yei  remains  a  matter 
of  conjecture.  The  carbon  dio\iue  produced  l-  I; old  in  solution  by  the  now 
venous  Mood,  and  proba.oly  confers,  in  groat  measure,  upon  the  latter  its 
dark  color  and  deleterious  action  upon  the  nervous  system.  Once  more 
poured  into  the  hear:,  and  by  I  liar,  organ  driven  into  the  second  set  of  capil- 
laries bathed  with  atmospheric  air,  ih;s  carbon.  dioxide  is  conveyed  out- 
wards,  through  the  wet  membrane,  by  il  kind  ef  fulsr  i M) i« >',n,  eonsluutiy 
observed  under  such  circumstances  ;  while  ai.  Ihe  same  lime  oxygen  is,  by 
similar  means,  carried  inwards,  and  (lie  blued  resumes  its  bright-red  color, 
and  its  capability  of  supporting  life  Much  of  this  oxygen  is,  no  doubt, 
sl::.p'.y  dissolved  in  the  scrum.  The  h  ten  ingle  bin  of  the  corpuscles,  heoom- 
i  11  fr  oxyhemoglobin  in  Ihe  arteries,  acts  as  a  carrier  of  another  portion 
(p.  Ti.iS).  Mulder  considers  the  fibrin  to  act  in  lite  same  maimer,  being 
true  fibrin  in  the  veins,  and,  in  part  at.  leas-,  r.m:ii/od  in  the  arteries. 

It  would  be  very  desirable  to  show,  n  possible,  that  the  quantity  of  com- 
bustible matter  daily  burned  in  the  hotly  is  adequate  to  the  production  of 
the  heating  effects  observed.  Something  has  been  dime  with  respect  to 
I  be  carbon.  t.'omp.trisini  ■  i  L'  I  hi'  ■|ii:tuiiiies  ami  commission  of  the  in  oil  con- 
sumed by  an  individual  in  a  given  time,  and  of  the  excretions,  shows  an 
excess  of  carbon  in  the  former  over  the  latter,  amnuniiup,  in  some  cases, 
according  to  Liebig's  high  estimate,*  to  14  ounces:  the  whole  of  which  is 
thrown  off  in  the  siittc  of  carbon  dioxide,  from  the  lungs  and  skin,  it:  the 
space  of  twenty -four  hour;.  This  si  a  re  in  cut  applies  I  o  the  case  of  healthy, 
vigorous  men,  much  employed  in  the  open  air,  and  supplied  ivilli  ai  ion  da  nee 
of  nutritious  food,  Jt'c-iua-lcs,  and  persons  of  weaker  habits,  who  follow  in- 
door pursuits  in  warm  rooms,  consume  ::  much  smaller  quantity:  their  res- 
piration is  less  encr actio,  and  the  heal  generated  less  ill  amount.  Those 
who  inhabit  very  cold  countries  ttre  well  known  to  consume  enormous  quan- 
tities of  food  of  a  fatty  nature,  the  carbon  ami  hydrogen  of  which  are, 
without  doubt,  chiefly  employed  in  the  production  of  animal  heat.  These 
people  live  by  hunting:  lite  muscular  exertion  required  quickens  and 
deepens  the  breathing ;  while,  from  the  i i ear e used  density  of  the  air,  a 
greater  weight  of  oxygon  is  taken  into  the  lungs,  and  absorbed  into  the 
blood  at  eaeh  inspiration.  In  this  manner  the  temperature  of  the  body  is 
kept  up.  notw  ill)  standing  i  lie  piercing  external  cold  :  a  most  nmrvilluus 
adjustment  of  the  nature  of  the  food,  and  even  of  the  inclinations  and  ap- 
petite of  the  man,  i.o  the  eirc'imsiaoccs  of  his  existence,  enable  him  to  bear 
with  impunity  an  atmospheric  temperature  vhieli  would  otherwise  injure 

The  carbon  consumed  in  respiration  in  one  day,  by  a  horse  moderately 
fed,  amounted,  in  a  valuable  experiment  of  M.  rSoussingault,-j-to  79  ounces; 
that  consumed  by  a  cow  to  71  ounces.  The  determination  was  made  In  the 
manner  just  mentioned,  viz.,  by  comparing  the  quantity  and  composition 
of  the  food. 

New  and  verv  immmaul  experiments  on  respiration  have  been  made  in 
Jbinien  by  Drs,  Tettenkofer  and  Volt. 

The  apparatus  was  large  enough  to  allow  a  man  to  breathe  and  move  as 
in  an  ordinary   dwelling-room   for   twenty-four   hours  at  least.      The  air 

*  Animiil  Chemistry,  p,  14. 

I  Aim;,],*  iiii  Clminc,  vol.  lxxi.  pp.  ISA  una  137. 
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The  King  of  ISavaria  gave  about  $3000  for  llie  construction  of  tile  appa- 
ratus, and  it  acted  so  well  that  the  quantity  of  carbon  anil  of  hydrogen  in 
a  stearin  pantile  burnt,  in  ihe  apparatus  eindd  bo  iii'1  erminod  as  iittiinili:;. 
by  the   quantity  of  carbon  dioxide  and   waior    iirodiLeod   as  by  an  organic 

A  dog  and  a  man  were  tip  crimen  ted  on.  In  the  dog  the  amount  of  car- 
bin  dioxide  expired  was  iori « i  after  ti'ii  days  of  hunger;  when  jl  (til)  did. 
of  llesh  and  fat  nus  taken,  three  times  as  much  carbon  dioxide  was  pro- 
duced. The  urea  was  increased  twenty-two  times  aa  much  as  during  star- 
In  man  not  quite  one-third  more  carbon  dioxide  was  produced  when  full 
diet  v.ns  ink. mi  than  was  found  during  starvation. 

From  tile  amount  of  carbon  divide  and  urea  formed  when  animal  food 
alone  was  taken,  it  appears  that  some  tatty  matter  must  be  produced  and 
retained  in  the  system. 

Starch  and  sugar  diet  do  not  appear  to  cause  a  deposit  of  fat  directly, 
though  they  may  do  so  indirectly. 

Careful  determination  of  tlie  amount  and  composition  of  the  food  and 
oxygen  consumed  led  to  the  belie!  liiaf  hydrogen  and  light  cavburetted 
hydrogen  (CIT,)  were  given  off  in  respiration.  This  is  fully  oonfmuud  by 
these  experiments.  It  follows  from  i.iiis  important  fact,  first,  that  the  car- 
bon dioxide  produced  cannot.  bo  looked  on  as  tlie  measure  of  the  amount 
of  oxygen  taken  from  tin;  air,  and  secondly,  that,  hydrogen  cannot  be  as- 
sumed to  be  oxidized  in  tlie  body  in  preference  to  carbon. 

In  a  paper  read  to  Hie  Aca.deray  of  I-ioionccs  at  Munich,  November,  I860, 
the  authors  give  their  latest  results.  Tlicy  find  tliat  the  proportion  of  car- 
bon dioxide  exhaled  to  oxygen  inhaled  is  much  greater  It:  Ihe  day  i.han  in 
the  night;  with  perfect  rest,  day  ami  night.,  nearly  twice  as  much;  with 
active  motion  during  the  day.  nearly  three  times  as  much.  The  amount 
of  oxygen  taken  in  during  rest  by  day  is  only  half  as  much  as  is  taken 
in  at 'night,  and  after  active  motion  Ihe  amount  of  oxygen  taken  in  at 
night  is  still  more.  In  diabetes  the  proportion  of  carbon  dioxide  exhaled 
by  day  to  the  oxygen  inhaled  is  less  Ulan  in  health  ;  at  night,  the  amount 
of  oxygen  inhaled  mav  be  less  than  half  Hie  amount  that,  would  be  inhaled 
in  health.  When  one-third  of  the  blood  consisted  of  white  globules,  the 
proportion  of  carbon  dioxide  eviialna  to  o\ygeu  inhaled  by  day  was  much 
less  than  in  health,  and  the  amount  of  oxygen  taken  in  at  night  was  even 
less  than  is  taken  in  during  the  day. 

Digestion  anii  Nutrition. — The  various  substances  of  which  the  food 
of  man  is  composed  must  became  iineiy  divided  in  order  to  admit  of  their 
passage  into  the  blood.  Tn  the  process  of  hue  division  or  solution  different 
substances  under;;.)  o liferent  changes  in  tin:  alimentary  canal.  We  learn 
nothing  by  saying  that  the  food  is  converted  into  cliyme.  and  the  chyme  is 
changed  into  chyle  :  but  each  animal  ami  vegetable  substance  must  be  con- 
sidered separately,  as  regards  tlie  changes  it  undergoes  when  exposed  to 
the  aotion  of  the  diiiecent  ih.ids  which  constitute,  the  saliva,  gastric  juice, 
bile,  pancreatic  jnicc,  and  iulesliiial  fluid. 

Shortly,  it.  may  be  slated  thai-  mineral  substances,  when  exposed  to  these 
reagents,  arc  hut.  Utile  changed. 

Hydrates  of  carbon,  as  cellulose,  gum,  starch,  sugar,  are  each  acted  on 
differently  by  dilfero.nt  secretions:  thus  cellulose  ami  gum  are  probably 
not  changed.  Starch,  by  the  action  of  Ihe  saliva  mid  pancreatic  fluid,  be- 
comes dextrin  and  glucose.      Cane-sugar  is  changed  by  gastric  juice  and 
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heat  into  glucose,  and  all  sugars  arc  utfi  mutely  changed  by  the  intestinal 
fluid  and  heat  into  acids. 

Fat  is  unchanged  by  the  saliva  and  gaslrio  juice  ;  bur.  (he  bile,  the  pan- 
creatic   and  intestiual  fluid,  change  the  fat  into  a  finely  divided  emulsion, 

lm(  died,  no  perfect  solution. 

Albuminous  substances,   as  albumin,    fibrin,    casein,   globulin,  undergo 

subdivision  mid  solution  cbieiiy  in  iiio  s'.omiieh.  latch  of  these  subslmtees 
is  chemically  changed  in  the  process  of  solution  by  the  gastric  juice  (p.  7U7) 
into  corresponding  peptones.  The  rate  of  change  and  of  solution  depends 
on  the  mechanical  subdivision  us  well  as  on  :  lie  chendoal  properties  of  Hie 
ditfcrcul  substances  acted  on. 

Gelatinous  substances  arc  ehunged  chemically  by  Urn  gustric  juice,  and 
thereby  lose  the  properly  of  gciai  ini/big  when  cold.  But  this  chango  is 
not  requisite  to  their  solution,  which  occurs  so  readily  that  these  sub- 
stances can  often  be  taken  as  food  when  albuminous  substances  would  re- 
main in  the  stomach  undissolved. 

The  constant  and  u neon  sing  waste  of  the  animal  body  in  the  process  of 
respiration,  and  in  the  various  secondary  changes  therewith  connected, 
necessitates  an  equally  constant  ri'piir  mnl  renewal  of  the  whole  frame  by 
the  deposition  or  organisation  of  iMlict  from  the  blood,  which  is  thus 
gradually  impoverisfte.il.  To  supply  this  deticior.cj-  of  solid  material  in  the 
circulating  fluid  is  the  office  of  the  food.  The  sinking  contrast  which  at 
first  appears  in  the  nature  of  the  food  uf  I  ho  two  great  classes  of  animals, 
the  vegetable  feeders  and  the  carnivorous  races,  diminishes  greatly  on 
close  examination :  it  will  be  seen  i  hal,  so  fur  as  the  materials  of  blood,  or, 
in  other  words,  those,  devoted  to  the  repair  and  sustenance  of  the  body  it- 
self, are  concerned,  the  process  is  the  sum.  In  a  llcsh-eating  animal  great 
simplicity  is  observed  in  the  construction  of  the  digestive  organs;  the 
sto:ijiLch  is  n  niere  enlargement  of  1  lie  short  mid  simple  alimentary  canal  ; 
and  the  reason  is  plain  :  the  food  of  the  creature,  tlesh,  is  absolutely  iden- 
tical in  composition  with  its  own  blood,  and  with  the  body  that  blood  is 
destined  to  nourish.  In  the  stomach  it.  undergoes  mere  soioiiun,  heitig 
brought  into  a  stale  fined  for  absonil  ieu  by  tin;  ittcieul  vessels,  by  which 
it  is  nearly  all  taken  up,  and  at  once  conveyed  into  the  blood:  the  excre- 
ments of  such  animals  ore  little  more  than  I  he  comminuted  bones,  feathers, 
hair,  and  other  mutters  which  refuse  to  dissolve  in  the  stomach.  The  same 
condition,  that  the  food  employed  for  nourishment  of  the  body  must  have 
the  same,  or  nearly  the  saute,  obe-roanl  ooiuiiositifiu  as  the  body  itself,  is 
really  fulfilled  in  the  case  of  animals  thai,  live  exclusively  on  vegetable 
substanoes.  )t  has  been  shown  *  that,  eeri.uin  of  the  nzottzed  principles  of 
plants,  which  often  abound,  and  are  never  altogether  absent,  have  a  chem- 
ical composition  and  assemblage  of  |)ro[ierib's  which  ussimilate  them  in 
the  closest  manner,  and  it  is  believed  even  identify  them,  with  the  azotiied 
principles  of  the  animal  body  :  vegetable  lilbumin.  fibrin,  and  casein  are 
scarcely  to  be  distinguished  from  the  bodies  of  the  same  name  extracted 
from  blood  and  milk. 

If  a  portion  of  wheateu  flour  bo  made  into  u  paste  with  water,  and  cau- 
tiously washed  on  a  fine  metallic  sieve,  or  in  a  cloth,  a  grayish,  adhesive, 
elastic,  insoluble  substance  will  be  left,  called  i/hit-'ii  of  t/lutin,  and  a  milky 
liquid  will  pass  through,  which  by  a  few  boors'  rest  becomes  clear  by  de- 
positing a  quantity  of  starch.  If  now  this  liquid  be  boiled,  it  becomes 
again  turbid  from  the  production  of  a  flocetilent  precipitate,  which,  when 
collected,  washed,  dried,  and  purified  from  fat.  by  boiling  with  ether,  is 
found  to  have  the  same  com pn-Li  Li.:u  as  animal  albumin.  The  gtutin  itself 
is  a  mixture  of  true  vegetable  fibrin,  s.tnl  a  small  quantity  of  a  peculiar 
azothsed  matter  called    t/Un'/iii.  lo  which    its   adhesive   properties  are   due. 
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The  gliadin  may  be  evtiTLCted  by  boiling  alcohol,  together  with  a  thick, 
fluid  oil,  which  is  s t- 1 1 ; i. f : ; I ■  1  o  hy  oilier:  it  iJ  i;hioy  ilil'1  adhesive,  quite  in- 
soluble in  water,  and  when  dry,  hard  and  Iransfucent  like  horn;  it  dis- 
solves readily  in  dilute  caustic  alkali,  ami  also  in  acetic  acid.  The  fihrin 
of  other  grain  is  unaccompanied  liy  g'.tadin  :  barley  and  oatmeal  yield  no 
glutin,  but  in  ad  lie  re  at  hi  a  men's  of  uoaviy  pure  fibrin. 

Vegetable  albumin  in.  it  soluble  state  abounds  in  the  juice  of  many  soft 
succulent  plants  iiKin]  i'nv  food:  it  may  bo  r'-:1  rirrtcut  iron;  potatoes  by  ma- 
cerating the  sliced  tubers  in  cold  v.atov  containing:  a  liit.le  -sulphuric  acid. 
It  coagulates  when  beared  to  a  temperature  dependent  upon  the  degree  of 
concentration,  and  cannot  be  distinguished  when  in  this  state  from  boiled 
white  of  egg  in  a  divided  condition. 

Almonds,  peas,  beans,  and  many  of  11:0-  oily  seeds,  contain  a  principle 
which  bears  the  must  striking  resemblance  lo  ihe  casein  of  milk.  When  a 
solution  of  tlii-  substance  is  heated,  no  ooagulatioi  '  ' 

on  the  surface,  just,  us  with  boiled  milk.      It  is   ei 

by  aeetic  acid,  the  last,  beinir  n  character  of  importance,  ^ucn  a  solution, 
mixed  with  a  little  sugar —  an  emulsion  of  sweet  almonds,  for  instance  — 
and  left  to  itself,  soon  becomes  sour  and  eurdy,  and  exhales  an  offensive 
smell:  it  is  then  found  lo  coo' a  in  lactic  acid. 

All  these  substances  dissolve  in  caustic  potash,  with  production  of  a 
Small  quantity  of  alkaline  sulphide:  the  tillered  solution  mixed  with  ex- 
cess of  acid  gives  precipitates  of  protein. 

The  following  is  the  composition  in  TIKI  pari-  of  vegetable  albumin  and 
fihrin:  it  will  be  seen  that  they  agree  very  closely  with  the  results  before 
given: 

Carbon 5601  64-60 

Hydrogen 7-23  7*30 

Nitrogen 15-92  15  81 

Oxygen,  sulphur,  and  phosphorus       .  21-84  22-29 

100-00  10000 

The  composition  of  vegetable,  casein,  or  leynnin,  has  not  been  so  well 
made  out:  so  much  disevcimiicy  appears  i'i  ihe  analyses  as  to  lead  to  the 
supposition  thai  different  substances  have  been  operated  upon. 

The  great  bulk,  however,  of  the  solid  portion  of  the  food  of  the  herbi- 
vora  consists  of  bodies  which  do  not.  contain  nitrogen,  and  therefore  can- 
not, yield  sustenance  in  the  manner  described :  some  of  these,  as  vegetable 
fibre  or  lignin,  and  waxy  metier,  pass  unaltered  through  the  alimentary 
canal;  others,  as  starch,  sugar,  gum,  and  perhaps  vegetable  fat,  are  ab- 
sorbed into  the  system,  ami  afieriiards  disappear  entirely :  tbey  are  sup- 
posed to  contribute  very  largely  tu  Ihe   pru.lumino  ol    animal  heat. 

On  these  principles,  l.iebigs  ma.de  the  mav  doubtful  distinction  between 
what  he  terms  pla-> Hi-  flew-ists  of  niil,'i.l>r,n  and  fl-rnunis  of  respiration.  In  tiie 
former  class  he  placed  — 

Vegetable  fibrin. 
Vegetable  albumin, 
Vegetable  casein, 
Animal  flesh, 
Blood. 
To  the  latter: 

Fat,  i  Grape-sugar, 

Starch,  |  Milk-sugar, 

Gum,  I  Pectin, 

Cane-sugar,  |  Alcohol? 


,.  Hieuiisl 
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When  the  muscular  movements  of  a  healthy  animal  are  restrained,  a 
genial  temperature  kepi,  up,  and  an  ample  supply  of  food  containing  much 

amylaceous  or  oily  matter  given,  :in  accumulation  of  fat  in  the  system  rap- 
idly takes  place :  this  in  mil!  seen  in  the  case  of  stall-fed  cattle.  On  the 
other  hand,  when  food  is  deficient,  and  much  exercise  is  taken,  emaciation 
results.  These  effects  are  ascribed  to  differences  in  the  activity  of  the 
respiratory  function  :  in  the  first,  instance,  the  heat-food  is  supplied  faster 
than  it  is  consumed,  and  hence  accumulates  in  the  form  of  fat;  in  the 
second,  the  conditions  :;i'e  reversed,  anil  ihe  creature  is  kept  in  a  state  of 
leanness  by  its  rapid  consumption.  The  fat  of  an  animal  appears  to  be  a 
provision  of  Nature  for  the  maintenance  of  life  during  a  certain  period 
under  circumstances  of  privation. 

The  origin  of  fat  in  the  animal  body  was  at  one  iime  the  subject  of  much 
discussion.  On  the  one  hand  it  was  contended  that  satisfactory  evidence 
exists  of  tho  conversion  of  starch  and  saccharine  substances  into  fat,  by 
separation  of  carbon  and  oxygen,  the  change  somewhat  resembling  that 
of  vinous  fermentation;  it  was  argued  on  the  other  side,  thai  oily  or  fatty 
matter  is  invariably  prefer  I.  in  I  lie  food  ,-otpplied  lo  [lift  domestic  !Lni[:nils, 
and  that  this  fat  is  merely  ab-urbed  :;nd  deposited  in  the  body  in  a  slightly 
modified  state.  The  .pacstion  lias  been  decided  in  favor  of  the  first  of  these 
views,. which  was  enunciated  by  l.iebig.  by  the  very  chemist  who  formerly 
advocated  the  second  opinion.  By  a  series  of  very  beautiful  experiments, 
MM;  Dumas- ami  Milne  fidwanis  proved  that  bees  exclusively  feeding  upon 
sugar  were  still  capable  of  producing  wax,  which  is  known  to  be  a  veri- 
table fat. 

Tho  food  of  animals,  or  rather  that  porlion  of  the  food  which  is  destined 
to  the  repair  and  renewal  of  t  he  frame-  kself,  is  thus  seen  to  consist  of  sub- 
Stances  identical  in  composition  with  the  body  it  is  to  nourish,  or  requir- 
ing but  little  chemical  change  to  beeomo  so. 

The  chemical  phenomena  observed  in  the  animal  system  resemble  so 
far  those  produced  out  oi'  tin:  boay  by  ari  itioial  means,  [hat  they  are  nil,  or 
nenrly  all,  ho  far  as  is  known,  changes  in  a  descending  series.  Albumin 
and  fibrin  are  probably  niaro  cample'  compnunds  than  gelatin  or  the  mem- 
brane  which  furnishes  it.:  this.,  Ln  tarn,  has  a  far  greater  oouiplexiiy  of 
Constitution  than  urea,  which  contains  iuohI  of  the  azoiincd  matter  that  is 
rejected  from  the  body.  The  animal  lives  by  the  assimilation  into  its  own 
substance  of  the  most,  complex  and  claim  rale  products  of  the  organic  king- 
dom;—  products  winch  are,  and,  apparently,  can  only  he,  formed  under 
the  in II ae tice  of  vegetable  lifo. 

The  existence  of  the  pliiitt  is  maintained  in  a  manner  strikingly  dissimi- 
lar:—  the  food  supplied  to  vegetables  is  mhullfi  i/iuri/nnic ;  the  carbon  di- 
oxide and  nitrogen  of  the  atmosphere ;  the  water  which  falls  as  rain,  or  is 
deposited  as  dew;  the  minute  traces  of  amnio niaertl  vapor  present  in  the 
air  ;  the  alkali  and  saline  matter  extracted  frotn  the  soil ;  — -such  are  the 
substances  which  yield  to  plan:s  the  elements  ni'  their  growth.  That  green 
healthy  vegetables  do  possess,  under  eiroumslances  to  he  mentioned  imme- 
diately, the  property  of  decomposing  carbon  dioxide  absorbed  by  their 
leaves  from  the  air.  or  conveyed  thither  in  solution  through  the  medium 
of  their  roots,  is  a  fact  positively  proved  by  direct,  experiment,  and  ren- 
dered certain  by  ci.aisidorations  of  a.  very  stringent  kind.  To  effect  this 
very  remarkable  decomposition,  (ho  iu'laeuce  uf  light  is  indispensable ;  the 
diffused  light  of  day  suffices  in  some  degree,  but  the  direct  rays  of  the  sun 
greatly  exalt  the  activity  of  the  process.  The  carbon  separated  in  this 
manner  is  retained  in  the  plant  in  union  with  the  elements  of  water,  '.villi 
which  nitrogen  is  also  sometimes  associated,  while  the  oxygen  is  thrown 
Off  Into  the  air  from  the  leaves  in  a  pure  and  gaseous  condition. 

The  effect  of  ammui;:ucal  sails  upon  the  growth  of  plants  is  so  remark- 
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able  as  to  leave  little  rmra  for  doubt  eoucerni>i<i  the  peculiar  functions  of 
the  ammonia  discovered  in  the  air.  l'lrmts  which  in  (heir  cultivated  state 
contain,  and  consequently  require,  a  larger  supp'.;-  of  nitrogen,  as  wheat, 
and  the  cereals  in  aeneral,  are  found  to  he  rrcat.lv  benefited  by  the  appli- 
cation to  the  land  el'  such  substances  as  putrefied  urine,  which  may  be 
looked  upon  as  a  solution  of  ammonium  carbonate,  or  of  ijuano,  which  is 
the  partially  decomposed  dune;  of  birds,  found  in  immense  quantities  on 
some  of  the  barren  islets  of  the  western  coast  of  South  America,  as  that 
cf  Peru.  More  recently,  similar  deposks  have  been  1'i'uud  on  the  coast  uf 
Southern  Africa.  The  guano  now  imported  into  En  ad  and  from  these  locali- 
ties is  usually  :t  soft,  brown  powder,  of  various  shades  of  color.  White 
specks  of  bone-eavi  is,  nod  suoau  [mss  masses  of  sa'doo  mailer,  may  be  found 
in  it.  That  which  is  moat  recent,  and  probably  most  valuable  as  manure, 
often  contains  utidccomposed  uric  acid,  besides  mucli  ammonium  oxalate 
or  chloride,  alkaline-  pno:-pliace->.  ana  otlier  .Haas  :  it  lias  a  most  offensive 
odor.  The  specimens  taken  from  older  deposits  have  but.  little  smell,  are 
darker  in  color,  contain  no  uric  acid,  and  much  less  amnioniacal  salt;  the 
chief  components  are  bone-earth,  a  peculiar  dark-colored  organic  matter, 
and  soluble  inorganic  sails.      (See  also  p.  724). 

Upon  the  members  of  the  voaetiLblo  kiupaom  thus  devolves  the  duty  of 
building  up,  as  it  were,  out  of  the  mota'aiiic  constituents  of  the  atmos- 
phere,—  the  carbon  dioxide,  the  water,  and  the  ammonia,  — the  numerous 
complicated  organic  principle;  of  the  perfect  |!lant,  many  of  which  are 
afterwards  destined  to  become  the  rood  of  animals,  and  of  man.  The  chem- 
istry of  vegetable  life  in  essentially  a  process  of  reduction  caused  by  the 
action  of  light,  bul  the  mode  in  which  thi.s  is  effected  in  at  present  by  no 
means  made  out.  One  thing,  however,  in  manifest,  namely,  the  wonderful 
relations  between  the  two  orders  of  organized  hemp's,  in  virtue  of  which 
the  rejected  and  refuse  mailer  of  the  one  is  made  to  constitute  tho  essen- 
tial and  indispensable  food  of  the  other.  IVhile  the  animal  lives,  it  exhales 
incessantly  from  its  limps,  and  often  from  its  skin,  carbon  dioxide;  when 
it  dies,  the  soft  parts  of  the  body  undergo  a  series  of  chemical  changes  of 
degradation,  which  terminate  in  the  production  of  carbon  dioxide,  water, 
ammonium  carbonale,  anil,  perhaps,  other  products  in  small  quantity, 
These  are  taken  up  by  a  fresh  generation  of  plants,  which  may  in  their 
turn  servo  for  food  tu  anchor  race  of  animals. 
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HYDROMETER  TABLES. 
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w 

Specific 
Gravity. 

De8reeB'           er 

3& 

— 

Specific 

0 

1000 

26                1 

206 

52 

1-520 

1007 

27                1 

216 

53 

1-585 

■   2 

1013 

28                1 

3 

1-020 

29                1 

235 

55 

1-567 

1-027 

80                1 

245 

56 

1-583 

5 

1-034 

31                1 

256 

57 

1600 

6 

1-041 

32                1 

267 

68 

1-617 

7 

1-048 

33                1 

277 

59 

1-634 

8 

1-066 

34                1 

288 

60 

1-652 

1.068 

35                1 

299 

61 

1-670 

10 

1-070 

88                1 

310 

62 

1-689 

11 

1-078 

37                  1 

32i 

63 

1-708 

1-085 

64 

1-727 

13 

1094 

39                  1 

345 

65 

1-747 

14 

1-101 

40               1 

857 

66 

1-767 

15 

1-109 

41                1 

369 

67 

1-788 

.16 

1-118 

42               1 

68 

1-809 

17 

1126 

43               1 

395 

1-831 

18 

1-134 

44                1 

407 

70 

1-854 

1-143 

45                1 

420 

71 

1-877 

20 

1-152 

46                1 

434 

72 

1-900 

21 

1160 

47                1 

448 

78 

1-944 

22 

1-169 

48                1 

462 

1-949 

23 

1-178 

49                1 

476 

76 

1-974 

24 

1-188 

50               1 

490 

76 

2-000 

25 

1-197 

61                1 

495 

y/  Google 


APPENDIX. 


»— 

S5. 

— — — 

«ra»1Ij. 

-»_ 

Gravity. 

10 

1-000 

0-89S 

44 

0-811 

11 

0-993 

28 

0-890 

0-807 

12 

0-885 

0*802 

13 

0-980 

30 

0-880 

0-798 

14 

0-973 

SI 

0-874 

48 

0-794 

0*967 

32 

0-869 

49 

0-789 

16 

0-960 

0-864 

50 

0-785 

17 

0-954 

34 

0-859 

51 

0-781 

0948 

35 

0-854 

52 

0-777 

19 

0-942 

36 

0-849 

63 

0*773 

20 

0-936 

37 

0-844 

54 

0-768 

21 

38 

0-889 

55 

0-764 

22 

0-924 

0-834 

56 

0-760 

23 

0-918 

40 

0-880 

57 

0-757 

24 

0-918 

41 

0-825 

58 

0*753 

25 

0-907 

42 

0-820 

59 

0-749 

26 

0-901 

43 

0-816 

60 

0*745 

■  ft,,.. 


■i:  1-il-eu  from 


These  two  tabic?  are  on  Hie  minority  of  F 
the  iranihciirlri-bar.k  d,:r  VlissaU-  of  I.ie'iij;,  ro^ei-ii-irS',  and  Wohler. 
hydrometer  is  very  commonly  used  oil  the  flonliuciil.  especially  for  liquids 
heavier  than  water.  For  lighter  liquid!?  (lie  hydrometer  of  Cartier  is  often 
employed  in  France.      Carfiev's  iisp-rta  dillW  bo;  iitlle  from  those  of  BaiiimS. 

In  the  United  Knii'don-,  'JV;i<l'!"irs  hydrometer  in  n.  -food  deal  used  for 
dense  liquids.  Tliis  instrument,  is  sn  i'jn  d.i-ai  cd  dial  I  lie  real  specific  grav- 
ity can  be  deduced  by  ;m  oiir'Miiely  fimule  meihod  from  the  degree  of  the 
hydrometer;  namely,  bv  multiplying  the  hitter  hy  f>,  and  adding  1000;  the 
sum  is  the  specific  gravity,  water  beuii-  JIHil'l.  Thus  10c  Twaddle  indicates 
a  specific  gravity  o('  10-10,  or  1  -05  ;    '-HP  'IVaddell,  1  450,  or  1-45. 

In  the  Customs  and  [1:lc:.?i;,  IS  LI--,  tin's  li  vdroiHur.ei'  is  used. 
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BRAHDE   AJfD    TAYLOR'S   CHEMISTRY, 
NEW  EDITION,  JUST  ISSUED. 

CHEMISTEY. 

WILLIAM   THOMAS   ISRANDE,  D.  C.  L.,  &c, 

ALFRED    SWAINE    TAYLOR,    M.  D„    F.  R.  8., 
ifessor  of  Chemistry  situs  Medinal  .Iiiiis[!rii,.luiie.c  iii  Gny's  Hospital,  London. 

Iuimi  llftVrwi.  i!,-n:iii::ki\i  ;■,:■,:  iVni  b,)  7li\  T.riWi:     In  mr:  .Wj-.',-e  «.'aeu  riiiume  11/ 7G4 
ctcsdy  piiidti-i  p"V'S ;  :.i;i"  '■,'■■'',,  r:j  ;  ti'.d.'itr,  $Li. 

ablest  work  on  fit i: mi.- try  in  tin:  Tinglis.b  l.ii!.c,na!:ri. 


TIlC   riii;«KUL-/l!ti    V.I  III::    -i     '.lli.  ::  i!-.'.    Ulld     lis     I'  )■ ■   !i    ';■   1 1 .     I   .  V  I    i.l.l!     :lbrOild.    ri'lldcr    it 

1 1  1 1.. i   i  .     I Ill  ..i.l  »  ill ■      in   .in.l  .       ■  .  I ■  I    ••■   III.'  iv, m J : . I 1 

throngl)  tin'  iifess,  titiiij;  iuu.',i:|,.,l  t"  a  c in.-.l-.-nt  dicini.-l..  —  Siac-   York  Medical  .huriial, 


All  eminently  jinn  licni  nn'l   truly  aillini  abk  wi, 

Onni'f  the  unit  llS'lill  and  .uiniibl:-   ill   111"   Lai  I  ^11  :!£■'.      il   lies   li.,..n    already  iiiiniilinci'il  nfli- 

,\Y.  /'..vis  Med.  tcu-l  iSttitj.  -lt}nrnal,  Deo.  1867. 

This  is  an  elcyaul  volo: r'  a.  -.  = ;  - 1  v-  ■■i.-iii  hundred  inures,  and  as  n  iiL.tinal  for  students  seems 

all  Hint  could  bi.'  ilcihr.il.  Jt  is  lull  mil  I, ..il  i  1.  ■in.,,  Ici.eii.v.  i:,i:,i;ic  v.-ii.Mil  ln'iiiR  wearisome, 
iiimI  written  in  a  iiioniicc  enh  nland  I::  .,11:, .it.  It  is  n  first  el  ass  b,,.::k  In:  *:  adonis.  11ml  ne  such 
we  oiniiilchtlv  r-iicomniond  it  1  .  tl,.  in.  Thus,,  who  n.ii.v  ,lfin:  In  [,ineha:,c  it  may  be  sure  uf 
liavins  in  il  all  llin  la  rest  ehrniie.al  kn  wl-.i^  ,.    -Cnud-i  .!/..■■(.  .Itmrntil,  Nfiv.  1667. 

TllO  one  before  11s,  wiiieb  is  l!iu  join  I  labsr  uf  two  of  the  grr.itc.l:  niinds  in  Great  !tritain, 
can  innst  certainly  .  li-jni! .  1. 1  (■■■:  '.:■■■  :i  tic  In^li, -.!  rank  in  I  In;  1-11  ■  1 1 :  i .  1 !  dciiairninnl  uf  which  il 
treats.  Although  a  .vuik::!"  I  ■  lire  -.'.•/■:  Iicin;..  .-.11  u:::i\n  US'  ■  ler  -,v,|L  si  in:. end  pawl's,  it  is  tilled 
,.itli  |..|,  Il  silhjects  a:!  ..re  lisei'lll  In  Iii"  -ti;  :!:■:,  I  ■:  f  ,  ivevdn  ■,'  ■!.,  1:1  idee,  .|  I,,  tic-  |,Ln:li,  a  I  In  .11 
will)  Nlcasiiccu  tin:  111  i  lily  "f  every  -_■■■=  -s  I  j  !  i  r=  =.-  'a,  I  il  ;..-.. ;:..;-i-::i.  I.i  JK  (:.::,  ability  uf  beii,|r  iklllull- 
BtrathCl.  Ill  other  won  Is.  I-  is  e„|::u  label  in  ,,,:.  ,,-:h.i.  n  :::  ,;ivc  I:.  ;he  lle„li,  ill  limn  the  111'.,  id  1  lilt 
possible  [;)' mniiv.  1' rk  i'ue  flu:  -I. civ  ■!'  ..I  .nii-lv.  ,1.1:  i  a.-  ,,|,;:li,  ,,:.,..|,  .1'  ifs  p-u:i[  trill  lis  to  llie 
e,eie-,ln.r  tiec.-ssili,  s  ,,l'  |,:a-  ■  i-  a!  id',-.  N.I  I  i-r.  o..,.-  I.-  ai-e:i  el.  ,l,.-,r.l  l.i.lbiinc  more  in  neck-d. 
in  a  v.". ok  ■;„  cially  iii  daie^.l  t-.:r   inc. Ileal   vr  .ctii  inner -.  and  itiulcnt-. S.  Y.  Mrditjl  iisix-rii". 

One  of  tin:  sliinik'i'l  iv.aks  ::,-,  ,i,ai,ii:ir^  :  ..lik,,  •ib.al,:,:  Inr  lb,-  Mialcnt  anil  u..r  rci'irci,.--,  I.y 
lb,'.  |iiiu:titiuonl';  will  ill  ■  ru  lis,-  limes,  ::(illS::nu:i„;  I  be  kil,  si  ni-e  ■■,  ,ii::s.  —  JlrJ.rt.il  Jltvitm  11/ 
M.'il/i:.:w   mill  Pimriiitiri,,  Doc.  IS 61. 

Any  full  or  critical  noti.'e  of  such  a  work,  in  tlii-  iibas:-.  wonlil  seem  to  be  "noallefl  for.  To 
the  caudal  sluiieiit,  irlm  desli  is  ,1.  ii:' I  ,,,:,.  ■..■■•■  r..v-':,:,,',,  in  ll.i.  ..l.-iiartmciitof  study,  wo 

,1  n-orlf  of  leal  merit,  saieli  as  even  -III  i ■: ■  1 1 1  -n.l  1 .1.1 :  - "  "idler  will  lilal  n.-ofnl,  hoth  for  study 
and  reiei-e'iice.  —  (.'',■/■:■,■.■■/■■;  Mi-lic-M    /■>■.-.„ i:,a;  Oct.  186". 

The  fie  iv  ad  in";  iiiea  is  ti>  allbnl  smdi  ii.f,  ,1111a!  ion  ■■::  ciicniis.try  as  will  lie  of  ItlOflt  .advsinfage 
irarlt  fur  a  deeper]  :i'  liria  u:,l  :;l,I::i:U:,,i.   |:  in.ii.     Ai;,,-,  leia-  it  is  a.  vi,ry  vnlunlih; 

tiioiie.     Among  tin:  lui'inei,  inlaitliois  vriil  :,,■  lu.nel    .1  ■  I. i.e.'  i.aa  1.  :.  i :  !-■  ■  _ly,  crino,  a  nil  in  colors, 

v.:leei:.o:rt,:S,  s,,  eel  ill  11 ly-is.  ..1  ,1  elller  i.1,1  b;.:t-  bale  all:,,  I, cell  ,  ■  11 1  a :  'eio.  1,  an   that  the  lilliijlll) 

ot'  rbe  l',":k  presen  te:i  I .  ■  l  I".  ■  .-- :  1  -  L  - 1 1 1  i- .---:-- 1  - I  deeiiliii.  as  Neb:  it  up  tu  tile  present  time, 

and  llieri tiller  bis  eLOltidence.  —  .im.  .!■■■  t, -,:■::  til    Vh- 1  r tl , n ry ,  Nov.  1867. 


HENRY  C,  LEA,  FiiiiH.a^ipiu:*, 
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GRAHAM'S    CHEMISTRY. 

TUB    ELEMENTS     OF     CHEMISTRY, 

INCLUDING  THE  APPLICATIONS   OP  THE   SCIENCE  TO    THE   AETS. 

By:  THOMAS  GEAHAM,   F.  R.  S. 

Second  American,  from  the  Second  Revised  und  Enlarged  Knirlish  Edition. 

Edited   BV    HfcSiRST    IV AITS,    F.  C,  S„    jar.    JtOlSKRT     UHIDfSKS,    H.  D. 

OilfljlWc  l"»(.ns  wi'kiji.-.  ViVf    ■.,■■■.■.'-..  .;.'■  '-.VI  .■'■■..■,:■■.■  ,},■  :,:,■!  ;.  .;,■-«.  ,■..-,',-<    (■'(,(  li,  *3.5tl.      Oljitil  LJ1  fni) 

titewhaleaftiictiai  iw'umfs  af  the  Lcmdm  edition. 

The  publ  mil  era  Iia.ve  gotten  liyi  the  work   in  (lic-ii-  iiiimilly  exeellent  stiles;  the  wood  nngrav- 

iiiKH   arc    beautifully    e.v;;eNie;t   .ni'l   iiiliv:^' -]li  r   ihrs  .-Ji.ii id.iLl    stml,i,l    i.r   nliysiuiali  will    find 

untiling  belter  01'  So  i:.'i:.' I,  a- landau!  and  ■;■■■.!! i|  1    '.:.'  0/.\l-::: ■,:];.  a-  this  lii'W  lliiliim  Of  Oeljini. 

Wchave  always  regarded  Q  nh  im'a  Ohi  mistrymi  rw  of  lie  Deal  standard  works  upon  the 

,:.  Mi-  :.  .1:  n'-i  il.- i  I  ■  1.  1  h<  1  ■  I -:i.  ■ 1!  :  from  us  becomes  nam  senary.    Suffice  It, 

then',  10  observe  that  we  knew  ■:!'  n.e.v  I'll    .1.1-    auLle.eiiy  (■:■.  uhieh    reference  can    L11-    made 

served  — it  ia  rreli  :  -  ■    .       ...id     . ■  -  . " .      1   11    .1.         .1        ■   ■        '  I  ■  a    they  lire  .-..r i-!njci- 

sive.  —  Moydrtal  jkd.  Cl>>-<utti\!?.r 

ant,  and  published  in  the  best  style.— N.  ft 


BOWMAN'S    PR  ACTIO  AT,    CHEMISTRY. 
INTRODUCTION  TO  PRACTICAL  CHEMISTRY— Including  Analysis. 

Br  JOHN  E.  BOWMAN,  M.  D. 

Edited  bi  C.  L.  BLOXAM,  Profi.«..r  of  I'r Fc.1  Gietiilstry  it,  .King's  College,  London. 

Fourth  Amtrti'in,  f >■'>«':  '01  Fiji',   ■md  /1''  '/-■■'.■■   /■.'...v/'"i'.    I'd-'d'o.     !ii  '.it./-  I.undvwit  iv'jaiy'mo. 


I.i  1 1  (1 I  .  :    mi-  1  a. a  1 1    v   i( il<    1  'I     iiciis   iv ri-i  I- 

ii'i.ia.     .VmI  il  ',. 11    ■  ri      ...il      mi  1    .■       11 ..11 .111.1  ■!:■:■ 

Kind's  I'!.. 11. -sic.  i.  -[Hit..-  il].   i.i    :'i.:   i,.h. .■■■!  11  ill  !,:■  ■  .-:  1  -hriilv   1  ..: "; Lv -  hi   this  progressive 

sciellce.-A'."  ¥.  Medical  Jr,n;-iiul. 
II 


BOWMAN'S  MEDICAL   CHEMISTRY. 

PRACTICAL   HANDBOOK   OF  MEDICAL    CHEMISTRY. 

By  JOHN  E.  BOWMAN,  F.  C.  8„ 

Iformcrty  Professor  of  Practical   Cbrtiusl.jy  in   KingV  College,  London. 
Edited  bi  CI-IAIUJ'IS  J..    BLOXAM, 

F'wth  Amcrkoii.  ..■"■-.■■■■'  ■".■   '-■. ■■■'/■  ■■■■■■:'■  /,'■  .-':../   /...■■■.-.'.  Edii\-::  :   ;<:i<\    /,xniar.it£  itUs'-i'otiw. 


■d  ri.yd  1-jjj.i.  xohiH".  "f  ;!;"■!  T'l'ict ; 
■„■;:::    ,i,\-     II.  -..M.  ... 
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lii.v.rnan's     I  hi-id  I  ■<■.'.:,    if  ll.-.i:.-;,:    Oli.-;,:  l.tei    ha-    "..f  1:    '..    w.ii:    ::;,::-■■. 'la  I,-,]    It  the    l)-ji,;ll 
1   "  'lilt  ilHJ   i!5ll'1|.l.d    I'     li.  ■■  !..:»:    ■  .i:    :.l.l.    M      lii:     he     -.-.-aey    V.iTC    II     lull    tilt     1 1ll! 


bi ■>■:  ■  li.       :: .    i  .-■■■:  -i  ■■- , :.  orl   nee   oTwhichwIll    ■■  mo r  isndt n  ra  iinjjrectatgd.iis  piy- 

litmus  avail  themselves  of  Hi  e  means  ivhe-b  hit „i\,-:r.,l.— Am.  Journal  of  JUeil.  tki&uxt. 

Few  sltnleilte  of  meilieiae.  ive    sii|.[i:.se.  are  |.-|  I t  a.  rr..|i.v  .li'  .Hie    fr    other  editions  of  thiii 

vainanle  and  lian:ly  wia  I;,  -i.d  ].   --Ih:.-  1 1.,  ve  :.i-i    I".  ■■.-.-  ■ . :   i.e..   i..n_-.e  i'ellnw-iiniclitioiiers 

sary  for  us  to  offer  anyailii  Imh  on  il- "I-. —  /;.  ■,'.'...',  :/<::/■  .''....v,"..-^   •,!-,  ."/..■,-'.  h'ruryiwd  Ji'i^/'.", 

HEUEY  0.  LEA,  Philadelphia. 
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AMERICAN  JOURNAL  OF  THE  MEDICAL  SCIENCES.  1 
Edited  by  Isaac  Hay,,  U.D..  publisher]  ^,,,-Uidy,  about     D  ,. 
1100  l:n-;-  H>o.  pur,-  ,,«!■  annum,  ;  '  '      ' 

KBDIOAL  NEWS  AND  LIBRARY,  monthly,  I 
Svo.  pages  per  annum, 

AMERICAN  JOURNAL  OF  THE  MEDICAL  SCIENCES, 
Quarterly, 
MEDICAL  SEWS  AND  LIBRARY,  monthly, 
RANKING'S    HALF-YEARLY    ABSTRACT    OF    THE 
MEDICAL  SCIENCES.     2  vols,  a  year,   of  about  300 
pages  each. 
In  all,  over  2000  large  Svo.  p:igo>  pur    annum, 

ABSTRACT,  RANKING'S  HALF-YEARLY,    ] 
annum,  32  50. 

ALLEN  (J.M.)  THE  PRACTICAL  AXATOMTST;  or,  The  Student's 
Goibe  i«  the  DissEorm;  Room.  "Willi  206  illustrations.  1  vol, 
royal  12mo.,  over  BOO  pages,  cloth,  §2. 

ASHTON  (T.  J.]  OXT  Tin:  DISEASES,  TN.THRl  ES,  AND  MALFOR- 
MATIONS OF  Till;  TIKCIUJI  AND  ANT; «.  With  remarks  on 
Habitual  ConstipiiLiuii.  Second  American  fium  the  Fourth  London 
edition,  with  illustrations.    1  vol.  Svo.  of  about  SOU  pp.,  ulotb,  SS  Si. 

ABEL  AND  BLOXAM'S  IIAXDISOOli  OF  CHEMISTRY.  THEORE- 
TICAL, PRACTICAL,  AND  TECHNICAL.  Willi  illustrations.  1 
vol.  8vo.  ofo62pagoa,  cloth,  $4  50. 

ARNOTT  (NEIL).     ELEMENT*  01.'   L'lliSICS;  or,  NiTunAr,  Philo- 
sophy,   Qkjieeai.  and  Medical.     1  vol.  8vo.,  with  illustrations, 
cloth,  $2  2S. 
ASHWELL  (SAMUEL).    A  PRACTICAL  TREATISE  OX  THE  DIP- 
■n-    EASES  01:'   WQMEX.     Third  Ameviean  from  the  (bird  London  edi- 
tion.    In  one  8vo.  vol.  of  !">2H  pa^os,  cloth,  S3  ofl. 
BRINTON  (WILLIAM).     LECTURES  ON   THE  DTSi;  A.^ES  OF  THE 
STOMACH;    -,vi;.h  n.n  introduction  on    its   Anatomy   ;i 1 1 . L    l.'hysiolu<r.y. 
From  the  second  1.-.:l-iuii   eiliiiiin,  with    ili  i;:.:.m,  dons.      I  vol.  8vo-    of 

about  300  pages,  cloth,  $3  25. 

BRANDS  <WM.  T.),  AND  ALFRED  S.  TAYLOR.  CHEMISTRY. 
Second  American  edition,  thoroughly  revised  by  Dr.  Taylor.  In 
one  largo  and  handsome  oewvo  volume,  oxtvn  elnt.li,  iS& ;  leather,  {8. 


yf  Google 
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BUMSTEAD    (F.    J.)    THE    PATHOLOGY    AND    TREATMENT    OF 
YEXEKF.Al,   Dl^EA-ES.      ] n,;luili::r  ■'-*  results  of  :ewil.  invest.!. 
gations  upon  the  subject.      A  nev;  and  revved  edition,  with  illustra- 
tions.    1  vol.  Bvf..,  of  010  pa-sc.a.  doth,  $5, 
AHD  CWLLEBIEIt' 15  ATLAS  OF  V F.N  UREAL.    See  ,Clii.jJKuif:ji.: 

BUCKNILL  (J.  C.)  AND  DANIEL  M.  TUKE.  A  MANUAL  OF 
PSYCHOLOGICAL  MEDICINE.  Containm?;  tl.o  History,  Nos- 
ology, Description,  Mt:::.L?=il:--.  Di:.!.-ii..vi.-,  P;il  Jmlogy,  and  Treatment 
of  Insanity.    With  a  Plate.     I  Tol.  8vo.,  of  638  pages,  oloth,  $1  26. 

BARCLAY  (A.  W.)  A  MANUAL  OF  MEDICAL  DIAGNOSIS:  bein<r 
no  Analysis  of  the  SiKm  :iml  Symptoms  of  Disoi-io.    Tlr-I  Amc-i,.;:,; 

cloth,  $3  51). 

BENNET  (HENRY],  A  PRACTICAL  TRE ATTSE  OX  INFLAMMA 
TION  OF  Till-;  UTERUS,  Ui'H  OKIivIV  AM'  APPENDAGES. 
AND  OX  ITS  CONN'EOTDiX  WITH  ElEltTXN  DISEASE.  Sixth 
American,  from  the  forivlh  mid  revised  English  edition.  1vol.  8vr>., 
of  about  fill"!  pages,  cloth,  $3  75. 
A  KEVIN W  OF  THE  PRESENT  STATE  OF  UTEKINE  PA- 
THOLOGY. 1  email  vol.  8vo.,  cloth,  50  cents. 
BARLOW  (GEORGE  H.)  A  MANUAL  OF  Till;  PRACTICE  OF 
MEDICINE.  With  additions  by  D.  F.  Conrtic,  M.IX  1  vol.  Svo., 
of  over  000  pages,  doth,  $2  50. 

BROWB  (ISAAC  BAKER).  ON  SOME  DISEASES  OF  V/OMEN 
ADMlt'TING  Ob  SI.UGICAT.  TRKAT.MKNT.  With  illustrations. 
I  vol.  8vo.,  of  27"o  pages,  oloth,  SI  60. 

BROWNE  (R.  W.)  A  HISTORY  OF  GREEK  CLASSICAL  LITERA- 
TURE. Seemid  American,  from  a,  revised  English  edition.  1  to! 
crown  8vo.,  of  alimr.  iitdl  v.agrs,  nloth,  $1  SO. 

A  HISTORY  OF  ROMAN  CLASSICAL  LITERATURE.    Second 

American,  from  a  revised  English  edition.  1  vol.  crown  8vo.,  of 
abov.1  500  pases,  '''oth,  SI  SO. 

BAIRD  CROBERT).  IMPRESSIONS  AND  EXPERIENCES  OF  TUN 
WESTIXDIKS  AX  It  UNITED  STATES.    I  vol.  royal  12tuo.,  cloth, 

BUDD  (GEORGE),  ON  DISEASE'S  OF  THE  LIVER,  Third  American, 
iViini  til.-  1::;rd  and  elilji  rgo.l  London  edition.  With  four  eolored 
plates  and  numerous  wood-outs.     1  vol.  8vo.,  of  51)0  pages,  oloth,  U- 

BUCKLER  (THOMAS  H.)  ON  Ell.SR!.)-  HROXCIIIT1S  AND  RHEU- 
MATIC PNEUMONIA.  1  vol.  8vo.,  of  150  pages,  oloth,  $1  26. 
BOWMAN  (IOHNE.)  A  PRACTICAL  HAND-BOOK  OF  MEDICAL 
CHEMISTRY.  Edited  by  C.  L.  Itlosom.  Fourth  Anieriean,  from 
the  fourth  and  revised  Lnii'lon  edition.  With  numerous  illustra- 
tions.    J  vol.  royal  ISmo.  of  350  pages,  cloth,  S2  25. 

INTRODUCTION  TO  PRACTICAL  CHUM  I  ST  [IV.  ISOLD  MX  C 

ANALYSIS.  Edited  bv  C.  L.  Eloxam.  Fourth  American ,  from 
the  fifth  and  revised  London  edition,  wil.li  uumerous  illustrations. 
1  vol.  royal  12mo.  of  350  pages,  cloth,  $2  25. 

BRODIE  ( SIR BENJ AMIS).     CLINICAL  LECTURES  ON  SURGERY. 
1  vol.  8vo.,  of  360  pages,  clolh,  SI  25. 
CHAMBERS  (T.  K.i     THE  INDIGESTIONS:  Oil.  DISE AS1;;S  "U  TUN 
DIGESTIVE    OH.OANS    FUNCTION  ALLY    TREATED.       Second 

8vo.,  of  over  300  pages,  cloth,  $3  00. 

03LOMBAT  DEL'ISERE.  THE  DISEASES  OF  FEMALES.  Trans- 
lated  bv  Chinles  D.  JMe-iiff.    ill-lb      Second  edil.i with   mniitmi's 

ilbvtra.lions.      1  vol.  Bvo.,  nf  7  JO  pages,  cloth,  S3  75. 
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flAEPESTER  (WI.B.)     PRINCIPLES  UU  HUMAN  PHYSIOLOGY. 

U  WITH  THKIR  CHIEF  APPl.li.'ATf'.i\-;  TO  J'.-VflJML'i!!  V.  PA- 
THOLOGY, THERAPEUTICS,  HYG.IEXE,  AXD  FORENSIC 
MEDICINE.  A  new  AmoriuMii  clUioti  edited  l.v  Francis  G.  Smith, 
M.D.  "With  nearly  ;;00  illiisifinirjns.  In  uno  large  vol.  Svo.,  of 
nearly  900  closely  printod  pages,  oloth,  35  60:  leather,  raised 
bauds,  $6  SO. 

PRI^Il>l.:;SOFC()MP.i.P.A'.i:iyi:PJIYSI'.iI.O(;Y.    New  Anieri- 

can,  from  the  fou.ti.  ami  revir-ed  Luiidun  edilion.  With  over  30(1 
beautiful  illustrations.     1  vol.  Bvo.,  of  752  pages,  cloth,  $5  00. 

TOG  MICROSCOPE  AND ITS  REVELATIONS.  With  an  Appen- 
dix containing  the  applications  of  the  Microscope  to  Clinical  Medi- 
cine, by  Francis  C.  Siiiitii,  M.D.  With  iU  handsome  illustrations. 
1  vol.  Svo,,  of  724  pages,  cloth,  85  25, 

PRIZE  ESSAY  0W   THE  USE  OF   ALCOHOLIC  LIQUORS  IN 

HEALTH  AND  DISEASE.  .Vow  edition,  with  a  Preface  by  D.  If. 
Condie,  M.D.     1  vol.  12mo.  of  178  pages,  cloth,  flO  cents. 

CARSON  (JOSEPH),  A  SYNOPSIS  OF  THE  COURSE  OF  T.ECT URV.S 
ON  MATERIA  MHDiCA  AND  PHARMACY,  delivered  in  the  Uni- 
vcrsity  or  Pennsylvania.  Fonrlli  and  revised  edition.  1  vol.  Svo., 
estra  oloth,  $3  00.     [Just  timed.) 

CHRISTISON  (ROBERT.)  DISPENSATORY  OR  COMMENTARY  ON 
THE  PITARMACOPtEtAB  OF  fliiEAT  BRITAIN  AND  THE 
UNITED  STATES.  Wir.li  a  Supplement  by  R.  E.  Griffith.  In  one 
Svo.  vol.  of  over  7  0(10  page*,  cuiit.aii-.in;;  2;;!  illustrations,  estra 
cloth,  $4  00. 

CHURCHILL  (FLEETWOOD).  ON  THE  THEORY  AND  PRACTICE 
r.L  M  I  iiY' 1 1'ER.Y.  A  r,:w  American  from  Ilic  fuiin.li  revised  Lou- 
don edition.  With  nuks  iiinl  inlilil.iuui'  by  D.  Francis  Condie,  M.D. 
With  about  200  illustrations.  In  one  handsome  8vo.  vol.  of  nearly 
TOO  pages,  extra  cloth.  Si  00  r  leather,  $5  00. 

—  ON  THE  DISEASES  OF  V,;i!M.J-;N  :  INULi:  OINK  THOSE  OF 
PREGNANCY  AND  CHILDBED.  A  new  American  edition  re- 
vised  by  the  author.  With  notes  and  iulilitisins  be  J).  Francis  Condie, 
M.D.  In  one  large  and  li:i-::U:i"ir-  Svo.  vol.  of  768  pages,  with 
numerous  illustrations,  extra  clctli,  Si  00  i   leather,  $5  00. 

ESSAYS  ON  THE  PUERPERAL  FEVER.   AND  OTHER  DIS- 

EASES  PECULIAR  TO  WOMEN.  In  one  neat  octavo  vol.  of  about 
1 00  iiii.';es,  e.Urit  cloth,  $2   50. 

HLYMER  OH  FEVERS.     In  one  Svo.  vol.  of  BOO  pages,  leather,  31  75. 

pONJJLE  (D.  FRANCIS),     A  PRACTICAL  TREATISE  ON  THE  DIS- 


arly  800  pages 

-  I  THE  PRINC 

*J     TICE  OF  Sl.'RllHRY.     In  one  la.va«  Svo.   vol.  of  750  pages,  i 
eloth,  $2  00. 

CURLING  (T.  B.S  A  PRACTICAL  TREATISE  ON  UISIlASES  OF 
THE  TESTIS,  ^I'll.l.i.HAXiC  COlll),  AND  SCItui'lM.  1  vol.  Svo, 
of  420  pages,  estra  cloth,  $2  00. 

OTJLLERIER  [A.)  AN  ATLAS  OF  VENEREAL  DISEASES,  Trans- 
lated and  (iiiit.eabv.fKKH. has  J.  Ruustm.ui,  M.D.  A  lurKc  ini|:eiLil 
quarto  volume,  wil.li  20  l.biie-  rinniiiiriiii!;  iibont  750  figures,  beauti- 
fully colored,  many  oi  i.Uem  Die  siw  of  life.  In  live  parts,  price  per 
part,  $3  00. 

Same  Work,  complete  in  one  volume  lie,  exlra  cloth,  $1.7  00.   {Navj 

ready.) 
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4  HENRY  C.  LEA'S  PUBLICATIONS. 

CYCLOPEDIA  OF  PRACTICAL  MEDICINE.  By  Dunglison.  Fortes, 
■'iivcedio,  anil  Oonnliy.  hi  Colli'  hrjre  super  I'nyiii  ol;;;i.w>  vnhuM;,  of 
32oi  douMo-colunined  nai;es,  leather,  raided  bands,  S  [5  ;  extra  cloth, 
$11. 

CAMPBELL'S  LIVES  07'  I.OliDS  1CF.XYOX.  FLLFXEiWlLUrr,  AND 
TESTE.fiI>EM.  BciTij-  1  hti  iliinl  volume  of  "  Ca.mpi.cll's  Lives  of 
the  Chief  Justices  of  England."    In  one  crown  octavo  vol.,  cloth,  $2. 


e  of  about  7017  pages, 


DEWEESiW.P.)      A  TREATISE  OX  Till:  DISEASES.  Of  EiiMAI.ES. 
With  illast rations.     In  one  8vo.  vol.  of  636  pagea,  extra  eloth,  $3. 


-a  coi\iT'TiunF-x*!vi;  system  of  midwifery. 

octavo  volume  of  600  pages,,  will!  plates,  cstri  cloth,  $3  50. 
A  TREATISE  OS  THE  J'KVStCAl,  A.N  I)  MF.DIOAL  TREAT- 
MENT  OF   OHILiUlE.N'.      In  mo  oetavo  volume  i,r  648  pagos,  extra 

cloth,  S2  SO. 

DICKSON  (S.  H.)  II.E.Y1FKTS  OF  .MEDICINE.  Second  edition,  re- 
vised.  1  vol.  8vo.,  of  750  pagea,  extra  eloth,  $4. 
DE.UITT  (ROBERT).  THE  PRINCIPLES  A_\i>  1'KACTiOE  OF  JIO" 
:II1;KN  *  CIW!  K11Y.  A  ,oiis.d  Aio.-aioao.  from  .he  oi:;l,i.h  London 
edition.  Illustrated  with  ■I;I5  wood  cn<;ravinr;5.  In  ono  handsome 
8vo.  vol.  of  nearly  70(1  lanre  ami  do-sol  v  printed  pages,  extra 
cloth,  $4j  leather,  $5. 

DUNGLISON    (ROBLEY).     MEDICAL    LEXICON;    a    Dictionary    of 
Medical  Science.     Cunt  [Lining  a  eon-ise  ex  pi  an  nil  on  of  the  various 
f  Anatomy,    Physiology,   Pathol  osry,    JTyprion 
oology,  F' "    ,: 

Waters  ;  Formula  for  Officinal,  Empirical,  and  Dietetic  Preparations, 
with  the  accentuai.ii. «  ami  El  iii.iil.iSv  of  the  Terms,  ami  the  French 
and  other  Svnonvmes :  .<■■>  as  to  constitute  it  Erencli  as  well  as  English 
Medical  Lexicon.  In  one  very  lai-e  royal  S.u.  vol.  of  1043  double 
columned  pages,  in  small  typo  :  strongly  bound  in  cloth,  $ti  ;  leather, 
rais.nl  hands,  S6  75. 

HUMAN   PHYSIOIeOGY.     Fijrlilh    edition,    clioroughly  revise! 

In  two  large  Kvo.  vols,  of  about  lo'.iO  pages,  witii  si!2  illa.:tralioiis, 
extra  cloth,  $7. 

NEW  ItKMEDii'S,  1TTT71  FOflMfTLJE  FOR  THI-Iili  I'll  E-i  PA  RA- 
TION AND  ADMINISTRATION.  Seventh  edition.  In  one  very 
large  Svo.  vol.  of  7(0  pages,  extra  cloth,  $4. 

DELA  BACHE'S  GEOLOGICAL  'JliSEKYEI.t.     In  one  large  8vo.  vol. 
of  TOO  pages,  with  ;si)0  Illustrations,  doth,  $4. 
DON  QUIXOTE  BE  LA  MANCHA.    Translated  by  Chns.  Jarvis,  Esq., 
ivil.h  illustration;!  bv  Tonv  Jo'aonuol..       In  hie  hand, ..010  vols,  crown 
8vo„  fancy  cioth,  $3;    p7ain  cloth,   £2  60;    library  sheep,  S3  20; 

nos  of 

4to.vol., 

THE  MEDICAL  FORMULARY.  Being  a 
collection  of  prescriptions  derived  from  the  .rritings  and  practice  of 
the  most  eminent  physicians  of  America  ami  Europe.  Twelfth  edi- 
tion,  carefully  revised  by  A.  H.  Smyth,  M.  D.     In  one  Bvo.  volume 

of  371  pages,  extra  cloth,  S3.      {Now  ready.) 
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wood.     In  one  large  8vo.  vol.   of  WOO  closely  printed  pages,  extra 
sloth,  $6;  leather,  raised  bauds,  $7. 

ON  RAILWAY  AND  OTHER  INJURIES  OE  THE  NERVOUS 

SYSTEM.     In  one  small  8vo.  vol.,  extra  cloth,  $]. 

PNCYCLOPJEDIA    AMERICANA.     Complete   in   14   largo   8vo.   vols. 
Containing  nearly  01101)  double  eoluinued  pa^os,  cloth,  $22. 
EHCYCLOPiEDTA  OF  GEOGRAPHY.     In  three  large  8vo.  vols.     Illus- 
trated with  83  maps  and  about  1100  wood-cuts,  doth,  $5. 
FISKE  FUND  T'TMSCK  KSSAYS  ON   TIJDFRCULOUS  DISEASE.     In 
one  small  8vo.  vol.,  cloth,  SI. 
FLINT    (AUSTIN).     A    TREATISE    ON    THE    PRINCIPLES    AND 
PRACTICE  OF  MEDICINE.     '.Hit J  edition,  [.ho.uii!^: v  revised  mid 
"to.  volume  •.:■:  ;0t2p:i-e.-,  extra  cloth,  Hi.i : 
(AW,Wy.) 

A  PRACTICAL  TREATISE,  ON  THE  PHYSICAL  EXPLORA- 
TION OP  THM  C.1IFST,  AND  '.nil'.  DIAGNOSIS  OF  DISEASES 
AEEECTING  THE  RESPIRATORY  ORGANS.  Second  and  re- 
vised  edition.  Ouc  Svo.  vol.  of  jl'j  fin^ts,  cloth,  £1  50.  (Jh.sI  ismed.) 
A  PRACTICAL  TREATISE  ON  THE  DIAGNOSIS  AND  TREAT- 
MENT OP  DISEASES  OF  Till!  HEART:.  In  one  neat  8vo.  vol. 
of  nearly  500  pages,  extra,  cloth,  £3  50- 

F3WNE  (GEORGE).  A  MANUAL  OF  ELEMENTARY  CHEMIS'TRY. 
With  UK  illustration*.  In  one  rov.il  12m,).  vol.  of  000  pa;res,  o.v.tra 
sloth,  $2  ;  leather,  S2  50. 
pDLLER  (HENRY).  ON  T)ISEAS.FS  OF  THE  LINGS  AND  AIR 
■L  PASSAGES.  'Hii/iv  i'ali-.ln^v.  PV.v-i.;;,]  ROlt-oms.  Svoiptooij  anil 
Treatment.  From  the  second  Enirlidi  edition.  In  one  8vo.  vol. 
of  about.  501)  pite-o*,  extra  cloth,  $3  50.      (J«j<  issued.) 

FLETCHER'S  NOILS  FROM  NlNFVEll,  AND  TRAVELS  TN  MtiSO- 
POTAMIA,  ASSYRIA,  AND  SYRIA.  In  one  l2mo.  vol.,  cioth,  7icts . 
eft.RDNER'8  MEDICAL  CHEMISTRY.  Hi  one  12mo.  vol.  of 306 pages, 
sloth,  $1. 
&  LUGE  (GOTTLIEB).  ATLAS  OF  PATHOLOGICAL  HISTOLOGY. 
Translated  by  Joseph  Leidy,  M.D.,  Professor  of  Anatomy  in  tin 
University  of  Pennsylvania,  &a.  In  one  vol.  iinpc.rijil  quarto,  with 
320  copper  plilLe  fiirm-srt,  plain  and  OuiurtJ,  extra  cloth,  §4. 

BRAHAM  (THOMAS).  THE  ELEMENTS  OF  INORGANIC  CIIKMrS- 
TI1.Y,  IXCl.I  DIXG  Till;  APPLICATION  up  Til].;  ,-i  1  !:\UK  !N 
'['11  a  ALTS.  A  iliiH- illld  raPt-cl  edition  bT  II.  Walts  >,•::!  Konert 
Bridges,  M.D.  .In  one  Svo.  vol.,  of  over  Silo  pages,  with  232  wood- 
cuts, extra  cloth,  $5  50. 
GIBSOS'S  INSTITUTES  AND  PL-ACT  IOF  OF  SURGERY.  IntwoSvo 
vols,  of  about  1 1,'ilO  pa-es,  leather,  SS  50. 
GRAY  (HENRY).  ANATOMY,  DESCRIPTIVE  AND  SURGICAL. 
Second  American,  from  the  seeond  revised  London  edition.  In  one 
large  imperial  Svo.  vol.  of  over  SOI)  ':■:■-,.-.  with  ;.IS8  large  and  elabo- 
rate eriKraviiiKs  on  wood.  Extra  cloth,  SO:  lealher.  raised  band,,,  Si'. 
GRIFFITH  (ROBERT  E.)  A  UNIVERSAL  FORMULARY.  OOM- 
TA1N1.VGTI!!-:  M  I-:'"  1 1 1!  [i«  OF  P V\l;l\i:  AND    VDMINISTER- 

lN'J   OFFTC1XA1.  AM)  OTHER  MEDICINES.     In  one  ln-'e  Hvo. 
vol.  of  650  puses,  double,  columns,  extru  eloth,  ft ;  leather,  §5. 

SDIZOrS  HISTORY  Of  OLIVER  CROMWELL.     In  two  roy;il  12.no. 
vols.     Containing  B00  pages,  oloth,  $2. 
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.  uja'S  publications 


In  two  large  royo]  Mvo.  vols,  ol'  yiiliil  puges.  struUjHy  bound  in  le 
1-niseil  bands,  S16. 
A  PRACTICAL  T-R.K AT! SI!  OX  THE  JUSTUSES,  INJURIES. 

axo  MAi.ri-iinrA-Tji.iNs  of  tiii:  innxAia:   i:i.Aui>i:!t.  vn-: 

PROSTATE    GLAND,    AND    THE    URETHRA.       Second    editi 

with   184   illustmiioiss.     One    large   Svo.    vol.    of   over   900   pa{ 

ezfcra  cloth,  $4. 
A  PRACTICAL  TREATISE  ON  FORF.IGX   BODIES  IN  THE 

AIR  PASSAGES.    Ion  Svo.  vol.  of  408  pngr.s.    Est™ cloth,  $2  75. 
ELEMENTS  OF  PATHOLOGICAL  ANATOMY.     Third  edition. 

Ill  one  large  8vo.  vol.  of  nearly  SiOll  pages,  wi1.li  about  350  illustra- 

HAET8HOMTE  (HENH.Y).  BSSBNTIAL6  OF  THE  PRINCIPLES 
AND  PRACTICE  OF  MEDIC] XT!.  Second  und  revised  edition.  In 
one  12mo.  vol.  of  about  450  purie.s,  olot.li,  S2  it  ;   half  bound,  s2  03. 

HARTSHDRNE  (HENRY).  CONSPECTUS  OF  TJ1K  M  ODIOAL 
SCIENCES.  Ccini]iri»iiis  Manuals  ■:,:  Aniiiotny,  Physiology,  CheiniB- 
try,  Materia  Modioli.  Practice  nf  Medicine,  Surjrorv,  and  Obstetrics. 
In  one  royal  lSniii  volume  r.f  over  I '  p^iss.  with  ad, ml  Kin)  illus- 
trations.    Strongly  bound  in  leather,  S:S  2ft  ;  extra  cloth,  $4  50. 

MANUAL  OK'  AXATOMY  AM)  PHYSIOLOGY.    One  volume  royal 

12rao.,  cloth,  $1  75. 

HAEERSHON  (S.  0.)  PATHOLOGIC  \L  A  Ml  PRACTICAL  ORSERVA- 
TIONS  ON  DISEASES  OL'  Till!  ALTMEXTA RY  CANAL,  (1SSO- 
PIIAGUS,  STOMACH,  C  .IK :  0  M ,  AX))  1NIUST1NES.  In  one  Bvo. 
vol.  of  312  pages,  extra  cloth,  $2  50. 

HUDSON  (A.)  LECTURES  OX  THE  STUDY  OF  FEVER.  1  vol. 
Svo.,  3I(i  pages,  cloth,  S2  50.  {Now  ready.) 
HAM.ILTOH  (FRANK  H.)  A  PRACTICAL  TREATISE  ON  FRAC- 
TURES AND  DISLOCATIONS.  Third  o,li(.i.,.,,revised.  In  one 
handsome  8vo.  vol.  of  777  piiees,  wiib  2!;4  illustration?,  extra 
cloth,  $6  75. 

HARRISON'S  ESSAY  TOWARD  A  CORRECT  THEORY  OF  THE 
NERVOUS  SYSTEM.  In  one  vol.  8vo.  of  302  p";-os.  cloth,  SI  50. 
HOBLYN  (RICHARD  S.)  A  DICTIONARY  OF  THE  TERMS  USED 
IX  MEiyrOIN'l!  AXD  Tllli  COI.LATFIIA  1,  SCIENCES.  In  one 
I2mo.  vol.  of  over  o00  double  columned  pages,  cioth.  $1  fttl  \ 
leather,  £2. 

HODGE  (HUGH  I.]  ON  DISEASES  FlvCULlAR  TO  WOMEN,  IN- 
CLUDING DISl'LAOLMEXTS  OF  THE  UTERUS.  Second  and 
revised  edition.     In  one  8vo.  volume,  cloth,  $i  50.    (Jart  issued.) 

THE  PRIX CIPLFS  AXO  PRACTICE  OF  OIISTETRICS.    Illus- 

ttated  with  largo  lillmgrrtriluc  plates  eonlaininc;  159  figures  from 
original  photographs.  :n::l  v.Th  m-norou 5  ivo,,r[-cuts.  In  one  large 
quarto  vol.  of  550  double  eolumncl  w.fes.  Sinma-lv  hound  in  extra 
cloth,  $1*. 

HOLLAND  {SIR  HENRY).  MEDICAL  NOTES  AND  REFLECTIONS. 
From  the  third  English  edition.  In  one  Svo.  vol.  of  about  500  pages, 
extra  cloth,  $3  60. 

HODGES  (RICHARD  Iff.)     PRACTICAL  IUSSFCTIONS.    Second  edi- 
tion.    In  one  neat  royal  ]2ino.  vol.,  half  bound,  $2. 
HUGHES'     SCRIPTURE    GEOGRAPHY     AND    HISTORY,    with    12 
colored  maps.     In  I  vol.  I2nio.,  cloth,  $1, 
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HORNEB  (WILLIAM  E.).  SPECIAL  ANATOMY  AND  HI8T0L0G  V. 
Eighth  edition,  rnvmid  mid  mndilH,d.  In  wo  bii^o  Svo.  vela,  of  over 
K'OO  pJigw.  contii.ini.ig  .100  ivnod-our.s,  nildi  cUit.ll,  £6, 

HILL  (BERKELEY).  SYPHILIS  AND  LOCAL  CONTAGIOUS  HIS- 
ORDERS.  In  one  Svo.  volumo  of  ■■Ki7  pages,  csi.ru  doth,  S3  25.  {Nolo 
ready.) 

HILLIER  (THOMAS).  HAND  HOOK  OF  STCTN  DISEASES.  In  one 
neat  12mo.  vol.  of  u  limit  llinj  pages,  v,-il.h  two  plates,  extra  cloth, 
$3  25. 

HALL  (MRS.  M.)    LTVESOT  THE  OX  I'lFUS  01'  HXGLANl)  BEFORE 
THE  NORMAN  CONQUEST.     Tn  one  handsome  Svo.    toL,   cloth, 
$2  25;  crimson  elin.li,  $2,10;  half  rnoroeoo,  *3. 
TONES  (C.HANDFIELD),AND  8IEVEKING  (E.  D.H.)     A  MANUAL 
<J      OE  PATHOLOGICAL  AXATOMY.     In  one  Imjie  Svo.  vol.  of  nearly 

750  pages,  with  337  illustrations,  extra  cloth,  S3  50. 
TONES  (C.HANDFIELD).     CLINIC  A 1.  OlSSEItV.ATJOXS  ON  FUN0- 
U      TTOXAL  XF.RVOUS  DTM'illiLtiS.      Second  Aim.-:i.:oi:  Edition.     In 
one  Sro.  vol.  of  SIR  pages,  extra-  cloth,  S3  28. 

ECRKES  (WILLIAM  SENHOUSE).  A  MANUAL  OF  PHYSIOLOGY. 
From  the  third  Loud™  edition,  «Ltli2uO  illi^L-rn  cicms.     In  one  large 

KNAPP  (P.)  TKCKXOLOGY;  Oil  CHEMISTRY  APPLIED  TO  THE 
ARTS  AN.lt  TO  MA  NUEAOTUIILS,  with  American  additions.  ]■■■,■ 
Prof.  Walter  R.  Johnson,  to  two  Svo.  vols.,  wiih  500  illustrations, 
cloth,  |B. 

KENNEDY'S  MEMOIRS  OF  THE  LIFE  0E  WILLIAM  WIRT.  In 
two  Tola.  12rao.,  cloth,  32. 
1EA  (HENRY  O.i  SUPEKST1TVOX  AXU  TOUCH:  ESSAYS  OX  THF. 
WAGER  OF  LAW.  THK  WAliKi:  OF  IIATTLE,  THE  ORDEAL, 
AND  TORTURE."  .  In  ono  handsome  nival  J2mo.  vol.  of  406  pages, 
extra  cloth,  82  60.   ■,,..s 

LSXLEMAND  (M.)  AND  WILSON  (MAEBIS).  A  PKAOTICAI 
TREATISE  OX  T.ITK  0AUSL5,  SVMPK.jM-.  AND  TREATMENT 
OF    SPERMATORRHOEA..      Translated    ami    ediicd   bv    Henry    J. 

MoDougall.     Fifth  American  edition.     To  which  is  added ON 

DISEASES  OF  Til!;  niHlcUL.i;  SF.M.iNALCS.  With  special  re- 
ference .to  the  Morbid  Secretions  of  tin:  Prostatic  and  Urethral 
Mucous  Membrane,  llv  31a:ris  Wilson.  M.  1).  In  one  neat  octavo 
volume,  of  about  400  pages,  extra  cloth,  $2  76. 

LA  ROCHE  (R.)  YELLOW  FEVER  IX  ITS  HISTORICAL,  PATHO- 
LOGICAL,  ETIOLOGICAL,  A  XI.)  THGKAl'FIJTl  C  AT.  HALA- 
TIONS.    In  two  Bvo.  vols,  of  nearly  loOO  pages,  extra  cloth,  $7. 

PNEUMONIA.    ITS    SUPV0SGO    CONXL'OTTOX.    PATHOLO- 

GICAL  AXD  LTI.OL.OGIC  AG,  WITH  Al  Tf.M.N  A  !,  FEVERS.  In 
one  Svo.  vol.  of  500  pages,  extra  cloth,  £3. 

LAURENCE  (3.  Z.)  AND  MOON  (ROBERT  C.)  A  HANDY  BOOK 
OF  OPHTHALMIC  SI.'LGFitY.  With  numerous  illustrations.  In 
one  8vo.  vol.,  extra  cloi.h,  3!!  50.     U-icst  issued.) 

LEHMANN  (C.  G.)  PHYSIOLOGICAL  CHEMISTRY.  Tivuslalcd  bv 
George  F.  l>av,  M.  (>.,  :sn.l  edited  bv  II.  E.  liojrors,  31.  D.,  Prof,  of 
Chemistry,  iutlic  Uuivorsitv  of  Pennsylvania.  AVitU  plates,  and  nearly 
200  illustrations.  In  iv.o  large  Svo.  vols.,  containing  1200  pages, 
extra  cloth,  $6. 

A  MANUAL  OF  CllFe-lIC At,  PHYSIOLOGY.     Translated  with 

notes  and  additions,  bv  J'.  Cisesion  Morris,  M.  D.  With  an  Intro- 
ductory Essav  on  Y ii.ii  1  Force,  Ly  Prof.  Saimrel  Jucltaon.  In  one 
vory  handsome  Rvo.  vol.  ufli.'iii  i:-:i;<P3,  i'slra  cloth,  $2  25. 
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LA.WSON  (GEO ',(.[;>;:.  TX.Tf  i:Ti:S  rii?  Vil:-:  V:VK.  i.iRliri:,  AN  n  i;vii- 
I.1DS.  will)  abonl  KlU  illi^trnf-iona.  From  the  lust.  English  *di1i„n. 
Jii  on-j  liaiulfomc  Sio.  to].,  extra  c.lath,  S"i  50.      (,A«s!  i.nsii.f!..  ;■ 

LAYCOCK  (THOMAS).  LECTURES  ON  Tllli  PIIIXCIPLFS  ASH 
■Mi':-nf.:.ii>soi'.ii!;ijK;A].ni!rt[:iiVA,ni>N  ax!>  rksf.arcu.    r;> 

one  12mo.  vol.,  extra  eloth,  81, 

LUDLOW  (J.  L.)  A  MAXI7AL  OF  EX  AMTNATTOXS  UPON  ANA- 
TOMY, PHYSIOLOGY,  SURGliR.Y,  PR ACT1  Or!  01'  MEDTOTNi:. 
OBSTETRICS.  MATERIA  MEDIOA.  CFTICIMI  STRY,  PHARMACY, 
AND  THERAPEUTICS.  To  ivliieh  v-  added  m  Medical  Formulary. 
Third  edition.  In  one  royal  12ma.  vol.  of  over  800  pages,  extra 
elo1.il,  $3  2r>;    leather,  $3  75. 

LYONS  (ROBERT  TJ.)  A  TREATISE  ON  FEVER.  In  one  neat  8vo. 
vol.  of  362  pages,  extra  eloth,  32  2ft. 
LYNCH  (W.  F.)  A  NARRATIVE  OF  THE  UNITED  STATiJ.fi  FIX- 
PEDIT10X  TO  THE  TiSAIl  SEA  AM)  li.l.Vllfl  J  OK  DAN.  In  one 
large  anrl  handsome  octavo  vol.,  with  2S  beautiful  plates  and  two 
maps,  cloth,  $3, 

Same  Work,  cor-denicd.  edition.     One  volume  royal  12rao.,  extra 

oloth,  $1. 

MARSHALL    (JOHH).      OUTLIXES    OF    PHYSIOLOGY,    HUMAN 
AND  COMPARATIVE.     V.'iUi   Additions   by   FfUnCiS   G.  Smith, 
M.  D.,  Professor  of  His  Lislii-ulos  of  Medicine  in  the  University  of 
Pennsylvania.     In  oi:e  Kvj.  vdumo  of  1020  pages,  with  12a  illu; 
■ion;.      Strongll  bonr.d  in  leather,  nu.cj    bands,  S7  50  :    esln  el 
3650.      [Just  issued.) 
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"ACLISE  (JOSEPH).  STTKGICAL  AX  ATOMY.  Tn  one  large  in 
•  ■perin.1  quarto  vol  ,  '.villi  liH  spU:ni;;d  plates,  beautifully  colored;  co; 

taining  100  figiirca,  many  of  them  life  size,  extra  cloth,  £14. 
■ALGAIGHE'B  OPEli.ATI.Yj;   SURGERY.     With  numerous  illustl'. 

■  tiona.     In  ono  Svo.  vol.  of  ncii-rlv  fi'Ju  pages,  cloth,  $2  50. 
'AtftlALS  OF  BLOOD  AND  URINE.     By  Griffith,  Reese,  and  Ma 

-  wick.     1  vol.  12mo.  of  100  pages,  extra  cloth,  $1  25. 
AYNE'3     DISPENSATORY    AND    THERAPEUTICAL     REMBM 

BRANCER.     Edited  hy  11.  F.  GrHnlli,  M.O.     In  one  12mo.  vol.  of 

"ACKENZIE  (W.)  A  PRACTIC  AT.  TR F  A T'ISE  ON  DISEASES  AND 
.  INJURIES  OF  THE  EYE.     In  one   handsome   8vo.  vol.  of  1027 

'EIGS  (CHAS.  D.)  OBSTETRICS.  THE  SCIEXCE  AND  THE  ART, 

■  Fifth  edition,  revised,  wiLh  J  ISO  ill11sl.rnl.ion3.  Tn  ono  beautifully 
printed  8vo.  vol.  of  7ti0  pages,  extra  cloth,  $5  00;  leather,  36  &0. 

WOMAN  :  HER  DISEASES  AXI)  THEIR  REMEDIES.     Fourth 

extra  cloth,  85  ;  leather,  $6. 

—  ON  THE  NATURE,  SIGNS,  AND  TREATMEXT  OF  OHIT.Ii-T;[!D 
FEVER.     In  one  Svo.  vol.  of  lifi.i  psirr-s,  extra  cloth,  32. 

■ILIEB  (HENRY).     PRINCIPLES  AXI)  PRACTICE  OF  OESTET- 

■  RICS,  Ae.  In  one  very  handsome  8vo.  vol.  of  over  000  pages, 
extra  cloth,  S3  75. 

'ILLER  (JAMES).    PRINCIPLES  OF  SURGERY.    Fourth  American, 

■  from  the  third  Edinburgh  edition.  In  one  large  Bvo.  vol,  of  700 
pages,  with  240  illustrations,  extra  cloth,  $3  75. 

— -THE  PRACTICE  OP  SURGERY.  Fourth  American,  from  ths 
last  Edinburgh  edition.  In  one  large  Svo.  vol.  of  700  pages,  with 
;ii:-[  illustrations,  extra  cloth,  33  75. 
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HENRY  C.   LEA'S  PUBLICATIONS.  9 

T\nTJNT{IOMERY  (W.  F.)      AN  EXPOSITION  OF  THE  SIO-NS  AND 
lVI    SYMPTOMS  CI:    l'K^GXANUY.      From  the  second  UnrrlUi  edition. 

In  one  handsome  8vo.  vol.  of  nearly  600  pages,  extra  oloth,  $3  75. 
TtffORLABD  (W.W,)   UiSKASES  01:'  THE  URINARY  ORGANS.    With 
i-Vl  iiinjirativiii.     In  ono  handsome  Sv«.  vol.  uf  about  Giji'j  r-a-es,  e.v.ra 

cloth,  $3  50. 

MORIAND  (W.W.)  ON  Til  K  RF.TEXTTON  TN  THE  BLOOD  OF  THE 
ELEMENTS  OH'  THE  LKI.VAKi'  b ECKETIOX,  In  one  vol.  8vo., 
extra  cloth,  75  cents. 

MILLWRIGHT'S   GUIDE.      Ey  Oliver  Evana.      Fourteenth   edition. 
In  one  vol.  8vo.  with  numerous  plates,  film  doth,  $2  50. 
MDLLER  (J.)     PHIXOTPLF.S  01'  PHYSICS  AND  METEOROLOGY. 
In  one  large  Svo.  vol.  with  oliO  vv,j;,d-i-ui.s.  and  two  colored  plates, 
eloth,  84  50. 
Tiff  IR  ABE  AH  ;   A  LIFE  HISTORY.     In  one  royal  12mo.  vol.,  oloth, 

MACFARLAND'S  TURKEY  AND  ITS  DESTINY.  In  2  vols,  royal 
12mo.,  ninth,  82. 
MARSH  (MRS.)  A  HISTORY  OF  THE  PROTESTANT  REFORMA- 
TION IN  FRANCE.  In  2  vols,  royal  12mo.,  extra  cloth,  J2. 
■\TEILL  (JOBS)  AED  SMITH  (FRANCIS  G.)  OOMPF.RDIUM  OF 
J-1!  THE  VAKIOI.-'  lil!A.\C!inS  OP  MEDICAL  BOII'IXCE.  In  one 
handsome  12mo.  vol,  of  aboul  JOCO  ['ajres.  with  374  wood-outs, 
extra  cloth,  £4  ;  leather,  raised  hands,  |4  75. 

NELIGAN  (J.MOORE).  A  PRACTICE  f,  TREATISE  ON  DISEASES 
OF  THE  SK1X.  l--in.li  AmeLiciin.  iron.  Hie  second  Dublin  ediUon. 
In  one  neat  royal  12mo.   vol.   ,,('  .102  ] . : ;  j  ^ ■  ^ ,  extra  cloth,   S3  35. 

AS  ATLAS  OP  CUTANEOUS    DISEASES1.     Iu   one   liay-.ds.ime 

quarto  vol.  with  beautifully  colored  plates,  Ac.,  extra  cloth,  $5  50. 

NIEBUHR  (B.  G.)  LECTURES  ON  ANCIENT  HISTORY,-  cora- 
prising  the  history  ol  the  Asiatic  Nations,  the  Egyptians, 
Greeks,  Macedonians,  at.;!  Ca.it  ho  itenions.  Translated  bv  Dr.  L. 
Sohtnita.     In  three  neat  volumes,  crown  octavo,  cloth,  $b  (10. 

P1BRISH  (EDWARD).  A  TREATISE  OK  PHARMACY.  With  many 
Formula!  and  Prescriptions.  Third  edition.  In  one  handsome  8vo. 
vol.  of  860  pages,  with  several  hundred  illustrations,  estra  oloth,  $5. 

PEABLEE  (E.  R.)  HUMAN  IliSTOEOiiY  IX  ITS  RELATIONS  '10 
ANATOMY.  PHYSIOLOGY,  AXD  1' ATliill.nc, V .  vVUh  Mi  illus- 
trations. In  one  8vo.  vol.  of  >i G 0  [.apes,  extra  cloth,  $3  75. 
PIRRIE  [WILLIali])  THE  PRIXC1PLKS  AN  It  I'ltACTICI!  OU  SUR- 
(iERY.  Til  otic  hand-,. our  ociavu  volume  of  760  pn.(;cs,  with  316 
illustrations,  extra  cloth,  S3  75. 

PEREIRA  (JONATHAN!.  MATERIA  MEI.iTCA  AXD  THERAPEU- 
TICS. An  abridged  edition  of  the  lute  J>r.  Perei.a's  "  Elements  of 
Materia  Mcdica.."  Willi  numerous  :..i:litb:>  and  references  to  the 
United  States  Pharmacopeia.  In  one  large  oetavo  volume,  of  10-10 
pages,  with236  illustrations,  extra  clol.b  $7;  leal.lier,  raised  bands,  £8. 

PDLSZKY'S  MEMOIRS  OF  AN  HUNGARIAN  LADY.     In   one  neat 
royal  l2mo.  vol.,  extra  olrrth,  $1. 
pAGET'S  HUNGARY  AND  TRAXS  Y  l.VANIA.     In  two  royal  12mo. 
i     vols.,  oloth,  $2. 

ROBERTS  (WILLIAM).     A  PRACTICAL  TREATISE  ON  URINARY 
AND  RENAL  DISEASES.     With  numerous  illustrations.     In  one 
very  handsome  8vo.  vol.  of  510  pages,  extra  ololh,  S4-  1,0. 
T30YLE  (J.  FORBES).    MATERIA  MEIUOA  AXD  THERAPEUTICS. 
Xli    Edited  by  Jos.  Carsmi,  M.  D.      In  one  large  Bvo.  vol.   of  abom  7011 
nait.-s.  with  OS  illustrations,  extra  cloth,  £3. 
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